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SrBi>(Nb1_4V4)20g (0 < x < 0.3 in molar ratio) ceramics have been fabricated via
conventional sintering at elevated temperatures. Interestingly sintering the pellets in the
1320-1470 K temperature range yielded partially grain oriented ceramics. The orientation
factor (f) monitored via X-ray powder diffraction studies was found to increase with
increasing V,05 content and reached 83% for x = 0.3. The increment in (f) was not that
significant with increase in sintering temperature and its duration. The microstructural
studies suggest that V,05 has a truncating effect on the abnormal platy growth of SBN
grains. The dielectric constant (¢,) and loss (D) measurements as functions of both
temperature and V,05 content have been carried out along the directions parallel (¢,,) and
perpendicular (e,) to the cold pressing axis of the pellet. The anisotropy (e /rp) associated
with ¢, was found to be 1.11 at 300 K and 2.1 at the Curie temperature, (T;) respectively.
Different dielectric mixture formulae that were employed to analyze the effective dielectric
constants of these samples with varying porosity confirmed that the experimental value of
gr was comparable with that obtained using Wiener's formula. Impedance spectroscopy
was employed to rationalize the electrical behavior of these ceramics. The pyroelectric
coefficients along the directions parallel and perpendicular to the pressing axis of the grain
oriented (83%) SBN ceramic at 300 K were 0.13145 mC/m?K and 0.26291 mC/m?K
respectively. The ferroelectric properties of these grain-oriented ceramics were better in the
direction perpendicular to the pressing axis than those in the parallel direction.

© 2003 Kluwer Academic Publishers

1. Introduction

Ferroelectric materials particularly in thin film geom-
etry belonging to the Aurivillius family of oxides with
the general formula [Biy 021> [A,_1B,03,411°~ have
been on increasing demand owing to their potential ap-
plications in a variety of devices which include piezo-
electric, pyroelectric and microelectromechanical and
non-volatile random access memory (NVRAM) [1-5].
SrBi;Nb,Og, (SBN) which is known to be an n = 2
member of the above family of layered oxides, has
been visualized as a versatile material for multifarious
applications. It consists of two perovskite like NbOg
octahedron units sandwitched between (Bi,0,)** lay-
ers along the c-axis and the Sr?* cations are located in
the space between these octahedra. It was known that
[6] materials with interesting and promising NLO prop-
erties could be obtained by substituting Vanadium, the
lightest element in group V of the periodic table, for Nb
(or) Ta atoms because of the ionic size effects. It was
with this motivation, we made attempts to visualize the
influence of vanadium doping on the microstructure
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and physical properties of tungsten bronze type ma-
terials such as K3;Li;NbsO;s and related compounds
[7]. We thought that it is worth attempting to replace
Nb (niobium) partially by Vanadium in SBN and study
its influence on the microstructural and physical prop-
erties. Indeed, Yun Wu et al. [8, 9] have reported the
effect of the partial replacement of niobium by vana-
dium on the dielectric and ferroelectric properties of
SBN ceramics, when we were in the process of making
systematic studies on the influence of vanadium doping
on its physical properties. However, to the best of the
knowledge of the authors, no systematic reports exist on
the effect of vanadium doping on the microstructural as-
pects of SBN and inturn their influence on the physical
properties when these are sintered at elevated temper-
atures. It is because of the fact that sintering of Bi or
V based compounds at higher temperatures but below
their decom position temperatures would lead to non-
stiochiometry/defect formation (when the Bi or V less
are not compensated) and this is expected to influence
the microstructure and hence the physical properties.
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Indeed interesting results have been obtained by sinter-
ing vanadium doped SBN pellets at elevated tempera-
tures (1420 K) and the details of which are elucidated
in this paper.

The structural, microstructural, dielectric and ferro-
electric properties of SBN ceramics doped with vana-
dium pentoxide in different concentrations are reported
in the following sections.

2. Experimental

Polycrystalline ceramic powders of SrBiy(V,Nbj_,),-
Og (SBVN) (where x = 0, 0.03, 0.05, 0.1, 0.2, and 0.3
designated henceforth as SBN, SBN3, SBNS5, SBN10,
SBN20 and SBN30 respectively) were prepared by
solid state reaction route. Stiochiometric mixture of
SI‘CO3, Bi203, Nb205 and V205 (Aldrich Chemicals)
of 99.99% purity was heated in air for 12 h at 1170 K
for vanadium doped SBN samples and at 1270 K for
the samples without vanadium. The formation of the
monophasic compound was confirmed via X-ray pow-
der diffraction (XRD) using CuK,, radiation. The as-
prepared powder was then cold-pressed at 300 K for
a few minutes at the pressure of 300 Kg/cm?. Grain-
oriented samples were obtained by subjecting these
pressed pellets to the conventional sintering process
in air at 1420 K for 10 h. Prior to characterisation and
property measurements, all the samples were annealed
at 800°C for 3 h in flowing oxygen. The sintered pellets
were subjected to XRD studies for the phase identifica-
tion. The degree of grain orientation (f) was estimated
by Lotgering’s method [10]

P — P
r=(=7)

0
where P = X [yp1/ X Iny for the given oriented sample
and Py = X1y /X Iy for the non-oriented sample.
The internal strain was calculated by monitoring the

line broadening and shift of a few selected peaks.

The densities (p) of the sintered pellets were
determined by the liquid displacement/Archimedian
method. Xylene, the density of which is 0.87 gm/cm?,

was used as the liquid media. The porosity of the pellets
was calculated using the relation

where pr is the theoretical density (7.26 gm/cm?) for
SBN. The microstructural features of the sintered pel-
lets were studied using Scanning Electron Microscopy
(SEM) (Leica, 4401, Oxford Instruments).The average
grain size was determined from the scanning electron
micrograph using the image analysis software (Quan-
timet MC500) associated with the SEM. The capaci-
tance (Cp) and the dielectric loss (tan §) measurements
were carried out on the polished pellets as a function of
the frequency (100 Hz—1 MHz) and temperature (300-
770 K), using an impedance analyser (HP 4194A) at a
signal strength of 0.5 Vrms. EPR spectroscopy was em-
ployed to analyze the valence state of vanadium in SBN
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at room temperature. The EPR spectra of the samples
were obtained on a Varian E109 spectrometer operating
in the X-band. The g values were obtained using DPPH
as a standard.

The P-E hysteresis loops for vanadium doped SBN
ceramics were recorded using a modified Sawyer-
Tower circuit [11] at a switching frequency of 50 Hz.
The values of remnant polarisation (P;) and coercive
field (E.) were determined from the hysteresis loops.
The pyroelectric coefficients of the present ceramics
were measured by Byer and Roundy method [12]. Prior
to these measurements the samples were electrically
poled with a dc field of 4-5 kV/cm at 500 K and sub-
sequently these were short-circuited to eliminate the
surface charge effects. The sample was placed in an
oven and ramped at a uniform rate (3°C/min).The py-
roelectric current (/) produced parallel to the poling
axis owing to the variation of spontaneous polarisation
(Ps), with temperature is given by

I =Ax P(T)dT/dt

where P(T) = dPs(T)/dT is the pyroelectric coeffi-
cient calculated at a temperature 7', A is the electrode
area normal to the polar (i.e., poling) axis and d7/dt is
the heating rate.

3. Results and discussion
3.1. Structural studies and degree of
grain-orientation

In Fig. 1a—d, we show the XRD patterns recorded for
the randomly oriented polycrystalline SBN10 powder,
calcined at 1170 K for 12 h along with those obtained
for the faces parallel to the pressing axis of the pel-
lets sintered at 1320 K for different durations (6 h,
10 h, 15 h). In Fig. 1b one would notice the enhanced
(008) and (0010) peaks of the ceramic and their intensi-
ties increase with increasing sintering duration (Fig. 1c
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Figure 1 The XRD patterns recorded for the faces parallel to the pressing
axis of the SBN 10 sample sintered at 1320 K for (b) 6 h, (c) 10 h and (d)
15 h and (a) for randomly oriented as-prepared polycrystalline powder.
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Figure 2 The XRD patterns recorded for the faces parallel to the pressing
axis of the SBN 10 sample sintered at 1320 K for (b) 6 h, (c) 10 h and (d)
15 h and (a) for randomly oriented as-prepared polycrystalline powder.

and d). Further, initial temperatures at which the pow-
dered samples are calcined seem to have a significant
effect on the insentisities of (001) peaks. For instance,
the starting powders that were calcined at 1270 K for
12 h after pelletizing and sintering at 1320 K for dif-
ferent durations gave rise to enhanced XRD intensities
along (004), (008) and (0010), suggesting an increase
in orientation factor with increase in initial calcina-
tion temperature. Fig. 2b—d, shows the XRD patterns
obtained for the faces parallel to the pressing axis of
SBN10 sample sintered at 1320 K along with that of
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Figure 3 The XRD patterns recorded on the faces parallel to the pressing
axis of the SBN10 sample sintered at (b) 1320 K/10 h, (c) 1370 K/10 h,
(d) 1420 K/10 h and (e) 1470 K/10 h and (a) for randomly oriented
as-prepared polycrystalline SBN powder.
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Figure 4 The XRD patterns recorded on the faces parallel to the pressing
axis of SBN containing various concentrations of V205 (b) 3 mol%, (c)
5 mol%, (d) 10 mol%, (e) 20 mol% and (f) 30 mol% and (a) for randomly
oriented as-prepared polycrystalline powder.

the powdered sample (Fig. 2a).The XRD patterns that
were obtained for the faces parallel to the pressing axis
of the pellets sintered at different temperatures and for
the same duration are shown in Fig. 3b—e. The effect
of increasing sintering temperature on the orientation
of the grains is reflected in increase in intensities of
X-ray peaks corresponding to (004), (008) and (0010).
Fig. 3a shows the powdered XRD pattern of SBN10 for
comparison. However, there is a decreasing tendency in
the intensities of (001) peaks for the pellets sintered at
1470 K for 10 h, though no secondary phase is found
(Fig. 3e). This implies that no decomposition occurred
in the SBN10 sample, unlike SBT ceramic in which a
secondary phase was detectable when it was sintered at
1470 K [13].

The XRD patterns that were obtained on the faces
parallel to the pressing axis of the SBN pellets con-
taining different concentrations of V,0s sintered at
1420 K/10 h are shown in Fig. 4b—f. Also, the XRD
pattern obtained for undoped SBN pellet is included
in the same figure for comparison (Fig. 4a). The X-
ray intensities corresponding to c-planes (i.e.) (004),
(006), (008), (0010), (0012) and (0018) have increased
with increase in V,Os content. It is interesting to see
particularly the peak corresponding to (115) getting re-
duced in its intensity as the V,0Os content increases
from O to 30 mol%. The XRD patterns recorded on the
faces perpendicular to the pressing axis of SBN pellets
for various concentrations (3—-30 mol%) of V,0s5 are
shown in Fig. 5b—f. We also show the XRD pattern ob-
tained for undoped SBN pellet in Fig. 5a. Though there
is an increase in intensity of the peaks corresponding to
(200) with increase in V,0s content, it is not that sig-
nificant. The orientation factor (f) along the parallel
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Figure 5 The XRD patterns recorded on the faces perpendicular to the
pressing axis of SBN with various concentrations of V205 (b) 3 mol%,
(¢) 5 mol%, (d) 10 mol%, (e) 20 mol% and (f) 30 mol% and (a) for
randomly oriented as-prepared polycrystalline powder.

direction of the pressing axis increases from 38% to
83% as the V,05 content increases from 3—30 mol% in
SBN pellets. In contrast, the orientation factor along the
direction perpendicular to the pressing axis increases
only from 10% to 23%. The orientation factor (f) asso-
ciated with these sintered pellets along the parallel and
perpendicular faces of the pressing axis is tabulated in
the Table I.

3.2. Microstructural analyses

Fig. 6a—c depicts the scanning electron micrographs ob-
tained for the faces parallel to the pressing axis of the as-
sintered pellets of SBN, SBN10 and SBN30. The SEM
recorded for pure SBN pellets reveal the presence of
elongated plate shaped grains associated with inter and
intraporosity. In contrast tightly packed plate shaped
grains are encountered in the micrographs recorded for
SBN10 and SBN30. The plate like morphology is typ-
ical of Aurivillius family of oxides and is due to the
anisotropic nature of the crystal structure. The c-axis is
found to be perpendicular to the major faces of these

TABLE I Grain-orientation factor (f) along the parallel and perpen-
dicular faces of the pressing axis of the V,05 doped SBN

Orientation factor (f)
parallel to the

Orientation factor (f)
perpendicular to the

SI. no. Sample pressing axis pressing axis
1 SBN3 0.38 0.10
2 SBN5 0.44 0.12
3 SBN10 0.54 0.14
4 SBN20 0.71 0.19
5 SBN30 0.83 0.23
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Figure 6 The Scanning Electron Micrographs recorded on the faces par-
allel to the pressing axis of SBN ceramics containing: (a) no V,0s, (b)
10 mol% V;,0s, (c) 30 mol% V,0s, and (d) is for the perpendicular
direction to the pressing axis of 30 mol% V,0s.
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Figure 7 The variation of (a) density and (b) percentage of porosity as
a function of V,0Os5 content.
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Figure 8 The Scanning Electron Micrographs of the starting SBN pow-
ders synthesized: (a) without V205 and (b) with 30 mol% V,0s.
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Figure 9 The variation of (a) &m and &rp and (b) Dy, and Dy, (at 100 kHz)
as a function of the concentration of V,0Os in SBN at 300 K.

grains showing a preferential orientation in XRD pat-
tern [13]. The grain size is found to increase with in-
crease in V,0Os5 content. The transformation that is en-
countered in the morphological features of the grains is
attributed to the slight amount of liquid phase thatis pro-
vided by the presence of V,0s and non-stiochiometry
arose as a result of sintering these pellets at elevated
temperatures. We believe that excess V,Os that is likely
to segregate at the grain boundaries has facilitated the
plate shaped grain growth and effective packing via liq-
uid phase sintering. However, the grain growth along
the perpendicular direction which is the polar direction
(a or b) is slightly higher than the parallel direction
of the pressing axis. For the sake of comparison we
have shown the microstructure recorded for the face
perpendicular to the pressing axis of the SBN30 sam-
ple (Fig. 6d). These results are akin to those reported
for the other layered bismuth containing compounds
[14-16]. The experimental density and the percentage
of porosity of the samples (SBN-SBN30) are shown
in Fig. 7a and b. Increase in V,0s5 content resulted in
obtaining dense ceramics and uniform microstructure.

Most of the layered perovskites were known to ex-
hibit preferential grain growth along the c-direction. As
indicated earlier, the enhanced grain growth and effec-
tive packing of SBN grains along the pressing axis is
believed to be due to the small amount of the liquid
phase formation of the impurity phase present at the
grain boundary during sintering. Fig. 8a and b shows
the SEM images recorded on the starting powders of
undoped SBN and SBN30 samples. These indicate that
the vanadium doped SBN particles are non-spherical to
begin with itself. Since the starting particles are non-
spherical, one would expect an anisotropy in the pore
structure and grain boundary energy, which would lead
to the observed grain-orientation.

The densification parallel to the pressing axis which
appears to be different from that of the normal one is due
to the particle rearrangement in the initial stage of the
sintering of the non-spherical powder. The driving force
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Figure 10 The temperature dependence of & (at 100 kHz) along the
direction parallel (&) to the pressing axis for the 10 mol%, 30 mol%
V205 doped SBN samples along with that of the dielectric constant
measured for as-sintered and also for the perpendicular (,p) direction to
the pressing axis. Inset shows the variation of 7, with V,Os content.

for densification is derived from the capillary pressure
of the liquid phase located between the fine solid parti-
cles. The laplacian force gives rise to a strong attractive
force between the neighbouring particles. The origin
of the attractive force is from the component of the
liquid/vapour surface energy (y}y) normal to the two
surfaces. Since the surface free energy of the layered
perovskite is minimum along the c-axis, the capillary
pressure will tend to rearrange the solid particles of
the doped SBN sample so as to give maximum pack-
ing and a minimum of resultant pore surface along the
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Figure 11 Variation of internal strain as a function of V,05 content.
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Figure 12 EPR spectra for the as-sintered and oxygen annealed 30 mol%
V05 doped SBN sample.

pressing axis during the initial stage of the sintering.
This results in an enhanced grain orientation along the
pressing axis as compared to that of the normal one.
The grain orientation in the direction perpendicular to
the pressing axis of the doped SBN sample is inhib-
ited by the pores, located at the grain boundaries and
remain open until the later stage of sintering [17]. The
microstructures recorded on the parallel and perpen-
dicular faces of the pressing axis of the representative
SBN30 sample which are shown in Fig. 6¢ and d cor-
roborate the above argument.

3.3. Dielectric studies

The dielectric constant (g;) and dielectric loss (D)
measured as a function of V,Os content at room
temperature, along the parallel (e, and Dp) and the
normal (&, and D)) directions to the pressing axis are
shown in Fig. 9a and b. There exists a clear dielectric
anisotropy over the entire range of the compositions
attempted in the present investigations. The dielectric
constant measured along the direction perpendicular
(a-axis) to the pressing axis is higher than the one mea-
sured parallel to the pressing axis at 100 kHz .The di-
electric loss of the SBN doped V,05 samples are lower
than that of the undoped samples. The anisotropy in
the dielectric loss of doped SBN samples is not very
significant. However, the increase in the dielectric con-
stant with increase in V,0s5 content in both the direc-
tions is noteworthy.

Fig. 10 shows the temperature dependence of ¢, mea-
sured for SBN10 and SBN30 along the direction paral-
lel to the pressing axis, along with that of the dielectric
constant measured along the direction perpendicular to
the pressing axis of the SBN30. Also, the variation of
&; with temperature for as-sintered SBN30 is included
in the same figure. The variation of the dielectric loss
with temperature is consistent with that of the dielec-
tric data (which is not shown here). The V,05 doped
sample has higher ¢, not only at room temperature, but
also in the vicinity of the Curie temperature (7¢) and
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(a) 10 mol% and (b) 30 mol% V,0s5 containing SBN ceramics.

above. The dielectric constant increases gradually with
increase in temperature up to about 600 K, and subse-
quently there is a rapid increase and exhibits peaks at
720 and 730 K for SBN10 and SBN30 samples respec-
tively. The Curie temperature gradually increases (700—
730 K) with increasing V,0s5 content and is shown as
the inset in Fig. 10. The shift in the T, may be attributed
to the increase in the strain with increase in V,05 con-
tent. The lattice strain was calculated based on X-ray
line broadening method [18]. A plot of 8 cos 8 vs. sinf
was generated and the strain involved has been calcu-
lated based on the slope obtained. Here, 8 = Af.+ A9,
and A6, is the full width at half maximum (FWHM) of
the peak at the Bragg angle 6 (radians) and A6 is the
shift in the peak position. The (008), (115) and (0010)
peaks were considered for these calculations. Fig. 11
shows that the variation of internal strain with increas-
ing vanadium content. The increase in strain could have
dilation effect on the lattice implying an increase in the
lattice parameter a or c. Indeed we did observe an in-
crease in the lattice parameter a with increase in V,0s5
content. The upward shift in the Tt is attributed to the
dilation effect that is brought about by the presence of
V,0s5 in the lattice.

The &, values are higher than &, values both at
300 K and in the vicinity of T, for the SBN30 sample
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suggesting that the polar axis lies in the ab-plane. There-
fore, the dielectric constant along any axis in the ab-
plane is expected to be higher than that measured nor-
mal to the ab-plane. In the grain-oriented ceramics,
since most grains are aligned with their c-axes along
the pressing direction, the dielectric constant measured
along the direction perpendicular to the pressing axis
is higher. The oxygen annealed sample shows higher
dielectric constant than that of the one sintered in air.
The higher ¢, for oxygen annealed ceramic is attributed
to the presence of V37 ions in the ceramics. EPR stud-
ies carried out on the samples heat treated only in air
confirmed the presence of V** ions. Fig. 12a and b
shows the EPR spectra recorded for the as-sintered and
oxygen annealed SBN30 sample. EPR spectra of the
as-sintered sample is characterized by two asymmetric
peaks. These are characteristics of V#* ions in dipo-
lar interaction with other V4t ions [19]. On the other
hand, the oxygen annealed sample does not show any
peak, indicating the absence of V** ions. The effect
of oxygen annealing, transformed V** ions into V>*

SBNS

(a)

= 1500 V/ cm

(b)

P, = 0.15 pC/ecm’

1200 V/ cm
= 0.7 pClem?

accompanied by a reduction in the ionic size with an
increased rattling space which gave rise to higher po-
larizability. This led to the higher dielectric constant.

These pentavalent vanadium ions are stabilized by
oxygen annealing and thus no appreciable oxygen va-
cancies exist which would lead to a decrease in the
dielectric loss, D.

3.4. Impedance analysis
Electrical transport properties of the polycrystalline
ceramics are known to be strongly effected by their
microstructures. Impedance spectra, which accurately
reflect the microstructural features are employed to an-
alyze the electrical properties.

Fig. 13a—e shows the impedance plots obtained for
the samples (SBN-SBN30) along the direction parallel
to the pressing axis. The semicircles that are obtained
in the frequency range covered (100 Hz—40 MHz) in
the present study suggest that the contribution to the
observed values originates from the grain interior. The

SBN30

E.= 980 V/cm
P, = 2.2 uClem®

o adl e

= 930 V/cm
P, = 5.6 pC/em’

Figure 15 The P vs. E hysteresis loops for the SBN5 and SBN30 samples, recorded with the switching field applied in the direction parallel (a) and

(b) and perpendicular (c) and (d) to the pressing axis at 670 K.
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TABLE II Relaxation frequency ( f,), bulk resistance (Rp) and bulk
capacitance (Cy,) of the grain-oriented samples along both the directions

SL Measured along

no. Sample the direction fo (Hz) Ry (ohm)  Cy (Farad)

1 SBN3  Parallel 2682 9.7 x10° 0.6 x 10711
2 SBN5  Parallel 1407.41 7.15x 105 1.5x 10710
3 SBNIO Parallel 800.14 5.96 x 10° 3.3 x 10710
4  SBN20 Parallel 31929 397 x10° 13 x 10710
5 SBN30 Parallel 31622 3.74x10° 16 x 10710
6 SBN30 Perpendicular 40043 1.57 x 10* 253 x 10710

effects due to the grain boundary and the electrode in the
range of frequencies studied are obscure. The equiva-
lent electrical circuit of these samples could be regarded
as a single RC combination. On the other hand mea-
surements made along the direction perpendicular to
the pressing axis for the SBN30 sample shows the re-
sistance of the grain to be lower by one order of magni-
tude (Fig. 15f). The bulk capacitance is higher along the
perpendicular direction, accounting for higher &, along
that direction. The values of bulk resistance (Ry), bulk
capacitance (C}) and maximum frequency ( f,) through
which the semicircle passes in both the directions are
listed in Table II.

3.5. Pyroelectric properties

The pyroelectric measurements were catried out on
the grain-oriented samples in the parallel (P;,) and the
perpendicular (P,,) directions. Fig. 14a and b depicts
the temperature dependence of the pyroelectric coeffi-
cient (P) measured in the two directions for the sam-
ples SBN10, SBN30. The anisotropy ( Pr,/ Prp) that was
found for the SBN10 and SBN30 samples was 1.73 and
2.0 respectively. In both the directions of these samples,
P is positive and exhibits a peak near T (714 K and
722 K), and subsequently decreases and attains nega-
tive sign. The positive sign of P prior to T, indicates
that P, which is piezoelectric in origin is larger than
P, in the temperature range (300-870 K) studied.

3.6. Ferroelectric properties

The P vs. E hysteresis loops for the grain oriented sam-
ples (SBNS and SBN30) recorded with the switching
field applied in the direction parallel and perpendicular
to the pressing axis are shown in the Fig. 15a—d. The
loops were recorded in both the directions at 670 K. The
values of remnant polarisation ( P;) are higher along the
perpendicular direction than that of the parallel direc-
tion for SBNS and SBN30, suggesting that the polar
axis lies in the c-plane (a or b-axis). On the other hand,
the values of coercive field (E.) as expected are higher
along the parallel direction for both the samples, indi-
cating that a large field is required to switch the spon-
taneous polarisation along the c-axis.

4. Conclusions

Grain-oriented (83%) ceramics of vanadium doped
strontium bismuth niobate were fabricated via cold
pressing followed by conventional sintering at 1420 K.
The strong preferential orientation of the grains varies

with increase in V,Os content. The average grain size
of these ceramics increases with increasing V,0Os con-
tent. Significant anisotropy in the dielectric constant
(ém/&p = 1.11 at 300 K and 2.1 at T¢) was found in
the sample which had the highest orientation factor.
The experimental values of the dielectric constants of
these ceramics were computed with those obtained us-
ing various dielectric mixture formulae. These results
were found to be in agreement with those predicted by
Wiener’s model. The grain capacitance obtained by the
complex impedance analyses is higher along the per-
pendicular direction of the SBN30, which accounted for
the incidence of higher dielectric constant. The pyro-
electric coefficient was higher along the perpendicular
direction than that obtained in the parallel direction.
Higher P and lower coercive field E. were found in
the direction perpendicular to the pressing axis of V,0s5
doped SBN ceramics.
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