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Abstract

In this manuscript, the structural and dielectric properties of Gadolinium (Gd®*) substituted at Bi-site of
SrBi,.,Gd,Nb,0q (x= 0.0, 0.4, 0.6 and 0.8) prepared by using solid state reaction are studied. XRD analysis
revealed the formation of single phase with orthorhombic structure in SBN and Gadolinium modified
SBN. It is found that cell parameters and volume were decreased with increase of Gd3* ion concentration
in SBN. SEM analysis revealed that the samples possess well defined needle shaped grains. The grain
size of SBN was hindered by the presence of Gd3* ion at Bi-site. The growth of single phase layered
perovskite structure was confirmed from FTIR and Raman spectroscopy. The dielectric properties of Gd3*
ion doped SBN ceramics are studied as a function of frequency (50Hz-1MHz) from room temperature to
500°C. It is observed that phase transition temperature (T.) decreased from 430°C to 330°C with increase

of frequency due to incorporation of Gd®* ion in SBN. The broadness of peaks and decrease in T,
indicate the transition from a normal ferroelectric to ferroelectric-relaxor type. The study on variation of
tand with temperature at different frequencies indicates that tand has larger values at higher
temperatures. Further, the diffuseness parameter (y) has been computed for all the compositions.

1. Introduction

SrBi,Nb,0g (SBN) has been regarded as a promising ferroelectric material due to the attributes of low
dielectric constant, high mechanical quality factor, low electromechanical coupling coefficient and an
excellent electro-optic property. At present, bismuth layered structure ferroelectrics (BLSF) such as
SrBi,Nb,04 (SBN) and SrBi,Ta,04 (SBT) are under good investigation as they have most promising
device applications such as Non-Volatile Random Access Memories (NVRAM), sensors, actuators, fine
tolerance oscillators and high capacitance capacitors [1-10].When compared to Pb(Zr,Ti)O5 (PZT), a non-
layered ferroelectric, SBN has several advantages such as fatigue free, lead free, minimum operating
voltages, a high mechanical quality factor and low temperature coefficient of resonance frequency
[11,12]. SBN material of (Bi,0,)?" interleaved with pseudo perovskite blocks (A,.1B,03,.+1)>" are sensitive
to doping with various elements [13] and bismuth layer influences the structural, electrical and
ferroelectric properties of the materials [14]. Sintering conditions and doping at different sites will lead to
the change in the physical properties of the materials. As per our literature survey, rare earth group
elements (or) lanthanides with incomplete 4f shell doped interleaved structures find important technical
applications in the field of electronics and optoelectronics. The studies based on perovskite structure
such as RMnO (R=Y, Dy, Ho, Tb, Yb etc.,) have exhibited multiferroic properties [15-19]. Lanthanides
doped SBN compound demonstrated rise in the dielectric loss due to annihilation of bismuth during
sintering process. In view of this, it is desirable to dope SBN with rare earth ions [20-22]. Hence, an
attempt is made to study the modified properties of SBN doping gadolinium at Bi- site of it. In the present
study, sintering conditions in processing of SBN and gadolinium doped SBN have been established and
studied the effect of gadolinium on the structure, microstructure and dielectric properties.
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2. Experimental

Solid state reaction method was used to prepare the ceramic compositions, SrBi2Nb209 (SBN),
SrBi1.6Gd0.4Nb209 (SB0.4GN), SrBi1.4Gd0.6Nb209 (SB0.6GN) and SrBi1.2Gd0.8Nb209 (SB0.8GN),
mainly using of highly pure powders of oxides and carbonate. The powders upon mixing were subjected
to calcination at 800°C for 2hr thrice to enhance the homogeneity of the materials. The calcined materials
were sintered in the temperature range of 11200C-11500C. The either sides of pellets were electroplated
using silver paste. X-ray diffraction data were collected for these samples using Cu ka radiation in the
range (10°<20<90°). Scanning electron microscope (SEM) measurements are performed using vega3
tescan. Fourier Trasform Infrared (FTIR) spectra of samples using KBr were recorded between 3,500-400
cm-1 using YLS-QC-WQP-004. The Raman spectra were recorded by Raman microscope using 785 nm
solid state laser beams. Dielectric measurements carried out in the temperature and frequency range (RT
-5000C) and (50Hz — 1MHz) respectively using a HP4284A impedance analyser.

3. Results And Discussion
3.1 Density

The optimum value of sintering temperature for maximum sintered density has been achieved from
density versus composition response, over a wide range of temperature (1120°C-1150"C) as shown in fig.
1. The maximum density for the studied samples has been obtained at 1120°C for 2 hours.

3.2 X-ray Diffraction Analysis

Fig. 2 shows XRD analysis of SBN & SBGN materials obtained using RigakuMiniflex 300/600. A standard
computer programme of POWD [23] is used to index the peaks and estimation of lattice parameters. The
intensity peaks of X-ray diffractrograms show the formation of BLSF with the single phase orthorhombic
structure. The substitution of gadolinium at Bi-site of SBN has resulted in a small shift in the position and
intensity in XRD spectra of the studied ceramic samples. This is due to the substitution of gadolinium in
SBN, which in turn led to a variation in the values of lattice parameters. From the gadolinium substitution
at Bi-site of SBN, lattice parameter values and cell volume has been found to decrease, shown in fig. 3.
The decrease in the lattice parameters can be ascribed to the substitution of the larger radius of Bi®* ion
(1.020 A) compared to that Gd3* ion (0.938 A) [24, 25]. Further, the orthorhombic distortion values also
are identified to decrease from SBN values. The structural parameters determined from XRD study are
given in table.1.

3.3 Microstructure- SEM

Fig. 4 shows the microstructure in the studied materials obtained from SEM. The plate like morphology
observed from SEM is symbolic of characteristic Aurivillius phase of ceramics. [26]. From the figure it is
clear that SEM images exhibits microstructure with large needle shaped grains with induced porosity and
inhomogeneous distribution upon gadolinium doping SBN as shown in the fig. 3 (b-d). The porosity is
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induced in these materials corresponding to the measured density in the ceramic samples. Substitution
of gadolinium in SBN inhibits the grain growth and is evident from table. 2

3.4 FTIR and Raman studies

Powders of SBN and SBGN calcined at 800°C have been taken for FTIR spectra and the spectra are
shown in the fig. 5(a). FTIR mode observed at 419 cm™ corresponds to the Nb-O bending vibration, and
mode at 507cm™ corresponds to Bi-O vibration of a-Bi,05. The Raman spectroscopy is a very effective

and sensitive for identifying phase purity of multi component oxide material. Raman Spectra obtained at
room temperature on SBN and SBGN calcined powders are shown in fig. 5(b). As the gadolinium
concentration in SBN increases it is noticed that there is no change in the phonon modes corresponding

to tilting of NbOg octahedral. A sharp Raman mode was observed at 174 cm™ in the Raman spectra.
Symmetric stretch of NbO, octahedral has been observed at 836cm™ as a frequency band. Thus from
Raman study, formation of NbOg octahedral is confirmed.

3.5 Dielectric studies

Fig. 6(a) and fig. 6(b) shows the variation of dielectric permittivity versus temperature (RT-500°C) at
selected frequencies (450Hz, 1TKHz, 5KHz, 10KHz and 1MHz) for SBN and gadolinium modified SBN
materials respectively. It has been observed a transition from Ferroelectric to Para electric phase in all the

studied materials. The value of transition temperature (T.) in SBN has been found at 430°C, noticed to be
close agreement with literature value [27-28]. The transition temperatures (T.) of the studied ceramics are
found to lie in the temperature range 430°C-330"C. Predominantly, the transition temperature of
ferroelectric materials depends on the polarizability of them. The lower transition temperature in the Gd3*
ion substituted sample of SB; ,GN (T.=350C) may be due to size dependent electronic polarization and
decreased tetragonal strain in the sample [14, 29]. The values of T are further reduced to 340°C and
330°C in SBy ¢GN and SB; gGN respectively compared to SBN. The response of dielectric permittivity with
temperature at different frequencies showed a broad response. The broadness is found to increase with
increase in frequency. This suggests that the present materials are of relaxor type. The room temperature
dielectric constant of SBN increased from 127 to 168 in SBj 4GN. Further increase in gadolinium
concentration, dielectric constant value decreased in both SBj (GN and SBj gGN. The ceramic materials
of SBy ¢GN and SB gGN exhibited a similar behaviour to that of SB ,GN along with SBN from the above
study. The typical variation of dielectric constant with temperature for SBN and SBj 4GN at different
frequencies is shown in fig. 6(a) and fig. 6(b).

Fig. 7(a) and fig. 7(b) shows the typical dielectric constant versus frequency (100Hz - TMHz) at different
temperatures. The variation of permittivity with increasing frequency exhibited the relaxor behaviour.
This is typical of thermally activated Debye relaxation in these frequency regions. The increase in
dielectric permittivity at higher temperature can be assigned to increase in conductivity [29, 30] due to the

mobile charge carriers raised from the formation of oxygen vacancies arising from volatilization of
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bismuth during the sintering [31, 32]. The substitution of Gd®* ion at Bi-site of SBN not only restrains the
bismuth losses, caused a decrease in conduction phenomenon, therefore dielectric permittivity decreased

[33]. Meanwhile, small polarization of Gd3* ion in comparison with Bi3* ion may be the reason for small
[34]. A similar behaviour has been observed in both SB; (GN and SB( 3GN ceramic materials. The

flattening of dielectric permittivity and low dielectric loss are desirable features to suit Non-volatile Fe
RAM applications [25].

Fig. 8 shows typical dielectric loss measured at different frequencies (100Hz - TMHz) as a function of
selected temperatures of SBy 4,GN material. The decrease in dielectric loss with increase in frequency in
SBy 4GN is due to space charge and domain wall relaxation [35]. A similar trend has been observed in
both SBj (GN and SB gGN ceramics.

3.6 Diffusivity Parameter

The modified Curie-Weiss law is employed to understand diffuse phase transition and relaxation
behaviour in the material. The modified Curie-Weiss law was given in the equation (1)

1/ = 1/€ ax=(T-Ty) Y/C (1)

r
Where, Emax is maximum permittivity at T, €'is the permittivity, T is temperature above T, (in the
paraelectric region), C is a constant and y is the diffuseness parameter representing the degree of

dielectric relaxation (1<y<2). For a normal ferroelectric y = 1. For a completely disordered ferroelectric, y
= 2 [36-38]. When 1 <y < 2, the material is called relaxor ferroelectric. Fig.9 shows a typical variation of In

[(E;HHIIEI} - 1] versus In (T — T,,,) for the SB; ,GN sample at TMHz taking modified Curie- Weiss
law, linearly fitting the experimental data. The diffuseness parameter y was found to be 1.37 in SB; ,GN.
This shows diffuse nature of phase transition in SB; ,GN. The diffuse phase transition (DPT) can mainly
be due to substitution of cation-host with some elements having different ionic radii [39, 40]. Long et al.
[41] considering the structure of Nag sNd,Bi, 5,Nb,Og (NNBN) (x = 0.1, 0.2, 0.3 and 0.5) suggested that
Nd3* ions occupied Na-site in NNBN and are diffused into the (Bi,0,)?* slabs. In view of the above, it can
be concluded that the distortion induced by the Gd®* ion modification could be a possible reason for the

diffuseness behaviour in the present ceramic materials [42-43]. A similar behaviour has been observed in
case of SBy (GN and SBj gGN compositions along with SBN, given in table 4. The relaxor ferroelectrics
with diffuse phase transitions (DPT) had found applications in different devices such as piezoelectric
actuators, multilayer capacitors, medical imaging devices, non-volatile memories, pyroelectric detectors
and microwave tuneable applications [44-46).

4. Conclusions
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Polycrystalline SrBi,.,Gd,Nb,0Oq (x = 0.0, 0.4, 0.6 and 0.8) ceramic compositions were prepared by the

conventional high temperature solid—state reaction method. High dense, about 93-96% to that of
theoretical value ceramic samples are obtained by establishing sintering conditions. SBN and SBGN have
been indexed to be single phase with orthorhombic structure from XRD analysis. Substitution of Gd in Bi-
site in SBN not only reduced lattice parameters but also cell volume. FTIR shows the distortion of NbOg

octahedral with Gd doping. The appearance of sharp Raman mode at 174 cm™ high dielectric constant
and low dielectric loss confirms the fabrication of good quality ceramics suitable for Ferroelectric
Random Access memory (Fe RAM) devices. Substitution of Gd in SBN decreased T, from 430°C-330°C.

The dielectric constant versus temperature response at different frequencies showed a broad response,
suggesting that the present samples are of relaxor type. The diffusivity parameter is found to lie in
between 1 to 2, which means that the materials belong to relaxor ferroelectrics remain and suitable for
many device applications.
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Figure 1

Density versus composition response over the wide temperature range.
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Figure 2

X-Ray diffractograms of SBN and gadolinium modified SBN ceramic powders.
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Figure 3

Lattice parameters and Cell volume as a function of X content in SrBi2-xGdxNb209 (x = 0.0, 0.4, 0.6 and
0.8) ceramic powders.
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Figure 4

SEM images of SBN and gadolinium doped SrBi2-xGdxNb209 (x = 0.4, 0.6 and 0.8) ceramics.
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FTIR and RAMAN spectra of SrBi2-xGdxNb209 (x =0.0, 0.4, 0.6 and 0.8) ceramic powders.
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Dielectric permittivity as a function of temperature at different frequencies of SBN and SB0.4GN ceramic
materials.
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Figure 7

Frequency dependent of dielectric permittivity at different temperatures of SBN and Gadolinium doped
SBN ceramics.
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Figure 8

dielectric loss as a function of frequency at different temperatures of SB0.4GN ceramic material.
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Figure 9

In(1/€' - 1/e'm) as a function of In(T - Tm) at 1 MHz of Gd doped SrBi2Nb209 ceramics.
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