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Dielectric Relaxation Phenomena in SBN Single Crystals
Doped with Ce
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The dielectric study of Sr0.73Ba0.27Nb2O6:Ce (SBN) crystals along [010] crystallographic axis was performed
in the temperature region of 310–360 K and frequency range from 25 Hz up to 1 MHz. The thermal dipole
relaxation of quasi-Debye-type for this orientation of sample was observed in both investigated structural phases.
The phase transition was most clearly seen from the temperature dependence of the relaxation time at Tc = 320 K.
The relaxation processes were related to the collective oscillations of the Nb–O bonds in the two different type
corner-sharing NbO6 octahedra aligned along c-axis.

PACS: 77.22.−d, 77.22.Ch, 77.22.Gm, 77.80.Jk

1. Introduction

The tungsten bronze type relaxor ferroelectric material
— strontium barium niobate Sr1−xBaxNb2O6 (SBN) —
is considered as a perspective material for applications in
the areas of pyroelectricity, piezoelectricity, electrooptics,
photorefractive optics and non-linear optics [1, 2].

A first structural characterization of this type of ma-
terials has been made in 1968 [3] for the composition
x = 0.75. The ferroelectric relaxor SBN belongs to
the structure type of tetragonal tungsten bronze (TTB)
with the space group P4bm at room temperature (see
Fig. 1) [4]. The unit cell contains ten corner-sharing
NbO6 octahedra of two types ([Nb(1)O6] and [Nb(2)O6]),
building the chains along polar axis. Sr and Ba oc-
cupy the tetragonal and pentagonal positions; while the
smaller 12-fold coordinated tetragonal site is occupied
only by Sr. Both Sr and Ba were found in the larger 15-
-fold coordinated pentagonal site. The trigonal positions
are vacant. This cation distribution was recently con-
firmed for SBN crystals with x = 0.61 [5] and 0.75 [6].
The compositional range of the ferroelectric TTB phase
usually was defined within the values x = 0.25–0.75.

The physical properties of such compounds possess the
following particularities. The strontium barium niobate
displays the relaxor transition at the point relatively close
to the room temperature. It changed from 503 K for
x = 0.32 to 283 K for x = 0.82 [7–9]. The anomalies
of different physical characteristics, connected with this
transition of SBN from non-polar (point group D4h [10])

Fig. 1. c-cut of SBN crystal structure [4].

into the polar phase (C4v [11]), usually are smeared.
For example, the dielectric permittivity measured in a
weak electric field manifests a weakly denominated broad
maximum at a certain temperature (Tm). Rare-earths
(RE) doping lower the phase transition temperature of
the crystals and smear the phase transition without any
abatement of the optical quality [12]. In the tempera-
ture area of the phase transition typical dispersion of the
dielectric permittivity and dielectric losses occurs in the
low-frequency range. At the same time the narrow “ex-
tended” loops of the dielectric hysteresis exist within the
large interval both below and above the phase transition
temperature slowly degrading at heating [13].
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The smearing of the phase transition followed by the
broad anomalies of different physical characteristics of
TTB are caused by the wide variation of the non-
-equivalent crystallographic positions in its structure [14],
leading to appearance of the local distortions of symme-
try and internal electric fields in the wide temperature
range, covering Tm. For SBN crystal such a behavior is
connected with disordering of the ion Sr between the two
cation lattice sites. As a result the entire crystal appears
as a non-polar matrix, in which small spontaneous polar-
ized areas (nanodomains) are randomly embedded [14].

The aim of this report consists in investigations of the
dielectric relaxation in a TTB crystal of SBN for the case
when the electrodes are set along [010] axis in contrast to
a well-studied dielectric relaxation along [001] polar axis.

2. Experimental

The investigated Sr0.73Ba0.27Nb2O6 (SBN73) crystals
have been grown using a Czochralski method with CeO2

as a dopant (2 wt%). The doping with a small concen-
tration of Ce usually is used for studies of the photore-
fractive effect in this crystal which appears as the most
perspective material for dynamic holography.

For the dielectric measurements the crystalline
platelets of a-cut with the thickness of 1–2 mm and the
area of 25–35 mm2 were used. After polishing the sam-
ples were covered by conducting silver-paste electrodes.
The dielectric parameters were measured with an accu-
racy of nearly 1% at different frequencies of the mea-
suring electric field (from 25 Hz up to 1 MHz) using a
computerized site based on E7-20 multifrequency LCR-
-meter. The applied ac electric field did not exceed
1 V/cm. For the temperature investigations the sam-
ples were placed in a liquid nitrogen cryostat. The rate
of the temperature change was 0.5 K/min.

3. Results and discussion

The temperature dependences of the real ε′ and imag-
inary ε′′ parts of the dielectric permittivity measured
along [010] axis of SBN73:Ce are presented in Fig. 2. The
specific dispersion of these parameters is observed. The
detailed investigation of the dielectric relaxation was per-
formed in the region lying above room temperature. It is
clearly seen that ε′b decreases with increasing frequency
(Fig. 2a). At the same time, we observed decreasing
(above 20 kHz) and broadening of the ε′′b maxima with
an increasing frequency (Fig. 2b) contrary to the behav-
ior characteristic to a pure relaxor [15]. Besides, as one
can see from Fig. 2b the position of the maximum cor-
responding to the dielectric relaxator is shifted toward
higher temperatures at increase of the frequencies of the
measuring electric field. It is necessary to note that the
dielectric dispersion which was found to be fitted to the
well-known Vogel–Fulcher law in the frequency range of
100 Hz–1 MHz for the measuring electric field applied
along [001] crystallographic axis of SBN compounds [15],

Fig. 2. Temperature dependences of the real (a)
and imaginary (b) parts of dielectric permittivity of
SBN73:Ce crystal obtained at different frequencies of
measuring electric field.

should be considered as a characteristic feature of the
relaxor compounds.

In our case the dielectric spectra show a quasi-Debye-
-type behavior in the high frequency part of the dielec-
tric spectra, considerably deviating from the Debye-type
behavior at lower frequencies which implies a more com-
plicate procedure of approximation. As it is seen from
Fig. 2, the temperature dependences of the dielectric per-
mittivity do not show clear anomalies that would be re-
lated to the phase transitions, first of all due to the mask-
ing role of the dielectric dispersion.

It is known [16] that in general for an inhomogeneous
insulator the spectra of the real and imaginary parts of
the dielectric permittivity are described by

ε′(ω) = ε∞ +
ε0 − ε∞
1 + ω2τ2

, (1)

ε′′(ω) = (ε0 − ε∞)
ωτ

1 + ω2τ2
, (2)

where ω is the frequency of measuring field, τ = 1/2πfr

is the average relaxation time, fr is the loss or imaginary
dielectric permittivity peak frequency, ε0 is the permit-
tivity obtained by static measurements, ε∞ denotes the
high-frequency limit. Figure 3 shows that the frequency
dependences of ε′ and ε′′ within 1 kHz–1 MHz measured
at 320 K along [010] crystallographic axis of SBN73:Ce
should be connected with relaxation process. The nature
of this relaxation process would be clear only when one
considers its temperature evolution.

The dispersive equation for ε∗(ω) = ε′(ω) − iε′′(ω)
in the case of the pure Debye-type relaxation may be
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Fig. 3. Frequency dependences of ε′b (a) and ε′′b (b) in
the semilogarithmic scale at T = 320 K.

obtained from the Debye equation [17]:

ε∗(ω)− ε∞
ε0 − ε∞

=
1

1 + iωτ
. (3)

Equations (1) and (2) should be considered as se-
quences of relation (3). In this case the relaxation
time follows a temperature dependence of the Arrhenius
type [18]:

τ = τ0 exp
(

Er

kT

)
, (4)

where τ0 is the relaxation time at infinite temperature
which is inverse to the oscillation frequency of the dipole
(or charge) in its potential well and Er stands for the
activation energy of the relaxation.

Examples of the Cole–Cole diagrams (ε′′b versus ε′b) for
the SBN73:Ce crystal obtained at different temperatures
within the both phases are shown in Fig. 4. Although
the shape of the plots is close to the semicircles, they
deviate from a pure Debye relaxation behavior since the
semicircles are not centered on the ε′b-axis. This implies
some distribution of relaxation times and means that the
observed relaxation is of polydispersive type. In this case
the complex dielectric constant can be written as [19]:

ε∗(ω) =
ε0 − ε∞

1 + (iωτ)1−α
+ ε∞ , (5)

where α is an empirical parameter (0 < α < 1) which
measures the degree of deviation from the Debye model.
The value of α is not equal to zero when the dipoles
(relaxators) interact with each other.

The Cole–Cole plot correlates with the corresponding
frequency dependence of the ε′ (Fig. 3). We obtain the
best fit to (4) with α = 0.295 ± 0.005 for T = 315 K
and α = 0.320 ± 0.005 for T = 350 K. Analyzing the

Fig. 4. Cole–Cole diagrams for SBN73:Ce crystal ob-
tained at 210 K (a) and 350 K (b).

Fig. 5. Relaxation time vs. temperature. Inset
presents the Arrhenius plot for the relaxation.

Cole–Cole diagrams for different temperatures using the
well-known methods [20] one could calculate the values
of the relaxation time. For the observed relaxator these
parameters were found to be 10−4–10−6 s.

The temperature dependence of the relaxation time
with clear anomaly at Tc = 320 K (phase transition tem-
perature) are shown in Fig. 5. The inverse temperature
dependence of ln τ–ln τ0 manifests the jump-like anomaly
at the phase transition point Tc = 320 K (Fig. 5, inset),
too. It manifests a linear character in the logarithmic
scale within the framework of every investigated phase
(Fig. 5, inset). That is why the variation of ln τ ver-
sus 1/T plot calculated on the basis of measurements
performed along [010] could be fitted with the expo-
nential activation law (3). The best fit parameters are
τ0 = 2.38 × 10−17 s, Er = 0.79 eV for T < Tc and
τ0 = 1.25× 10−28 s, Er = 1.41 eV for T > Tc.

On the basis of the available structural [21] and dielec-
tric data for related materials [22] one can suppose that
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the determined values of the relaxation time and the ac-
tivation energy Ea would be related to the collective os-
cillations of the short strong and long weak Nb–O bonds
in the two different type corner-sharing NbO6 octahedra
aligned along c-axis.

4. Conclusion

The dielectric dispersion study of
Sr0.73Ba0.27Nb2O6:Ce crystals crystallographic axis
was performed in the temperature region of 310–360 K
and frequency range from 25 Hz up to 1 MHz on the
cuts perpendicular to [010] direction.

Thermal dipole relaxation of quasi-Debye-type for this
orientation of sample was observed in both investigated
structural phases in contrast to a relaxor relaxation be-
havior along [001] axis characteristic for the same com-
pound. One can suppose that pure ferroelectricity occurs
in the direction perpendicular to the crystallographic
c-axis.

The phase transition was most clearly seen at Tc =
320 K in the temperature dependence of the relaxation
time. Complex approximation of the dielectric spectra
allowed to determine the values of the activation en-
ergy: Er = 0.79 eV for T < Tc; Er = 1.41 eV for
T > Tc. The relaxation processes were related to the
collective oscillations of the Nb–O bonds in the two dif-
ferent type corner-sharing NbO6 octahedra aligned along
c-axis. This means that the elastic interactions between
the octahedra in the a–b plane should give a strong con-
tribution into the ferroelectric properties of SBN.
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