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Anomalous broad dielectric relaxation in Bi1.5Zn1.0Nb1.5O7 pyrochlore
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The complex dielectric response of Bi1.5Zn1.0Nb1.5O7 cubic pyrochlore ceramics was investigated between
100 Hz and 100 THz by a combination of low-frequency capacitance bridges, a high-frequency coaxial
technique, time domain transmission THz spectroscopy, and infrared spectroscopy. The data obtained between
10 K and 400 K revealed glasslike dielectric behavior: dielectric relaxation is observed over a wide frequency
and temperature range, and the dielectric permittivity and loss maxima shift to higher temperature values by
almost 200 K with increasing measuring frequency. The distribution of relaxation frequencies broadens on
cooling and can be described by a uniform distribution. The high-frequency end of the distribution at
;1011 Hz is almost temperature independent and its low-frequency end obeys the Arrhenius Law with an
activation energy of;0.2 eV. The relaxation is assigned to the local hopping of atoms in the A and O’
positions of the pyrochlore structure among several local potential minima. The barrier height for hopping is
distributed between 0 and 0.2 eV. Such an anomalously broad distribution may have its origin in the inhomo-
geneous distribution of Zn21 atoms and vacancies on Bi31 sites, which gives rise to random fields and
nonperiodic interatomic potential. Frequency independent dielectric losses (1/f noise! are observed at low
temperatures, which seems to be a universal behavior of disordered systems at low temperatures.

DOI: 10.1103/PhysRevB.66.054106 PACS number~s!: 77.22.2d, 78.30.2j, 63.20.2e
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I. INTRODUCTION

Appearance of dielectric dispersion below the opti
phonon frequency range~neglecting piezoelectric resonanc
in piezoelectric materials! is a signature of some disorder
the dielectric material. Broadband dielectric spectrosco
which can be now conducted over a range of 1025–1014 Hz,
is a very sensitive and powerful tool for studying the natu
of the disorder. This approach is now widely used for stu
ing highly disordered solids like classical glasses1 and
polymers,2–4 as well as partially disordered solids like dip
lar ~quadrupolar, orientational, protonic! glasses6 and relaxor
ferroelectrics,7,8 where the main lattice periodicity is pre
served, and only some of the sublattices exhibit disorder
many systems the dielectric spectra reveal relaxations w
slow down on cooling.2,3 This is a manifestation of loca
motion of ions with an amplitude substantially larger th
that of polar lattice vibrations, but still smaller than inte
atomic distances. The slowing down indicates that the m
tion requires a thermally activated hopping over some po
tial barrier. Assuming that the barrier is uniform for all th
charges, the charges hop independently of each other, an
barrier height is temperature independent, the character
relaxation frequencyf r ~peak in the dielectric loss spectra!
should obey the Arrhenius Law,2,3

f r5 f `expS 2Ea

kT D , ~1!

where f ` is the relaxation frequency at infinite temperatu
and Ea is the activation energy, i.e., the barrier height,k is
the Boltzmann constant, andT is temperature. In the case o
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mutually correlated hopping motion, the relaxation fr
quency usually approximately obeys the Vogel–Fulch
Law,5,6

f r5 f `expS 2Ea

k~T2TVF! D ~2!

for T.TVF , where the Vogel–Fulcher temperatureTVF de-
scribes the finite freezing temperature of the relaxation
the activation energyEa has the usual meaning only forT
@TVF . At lower temperaturesT*TVF the activation energy
for thermally activated hopping increases and forT5TVF it
should diverge, which cannot be, however, experimenta
verified down toTVF since nearTVF the ergodicity becomes
broken.

Disorder, however, inevitably produces random elec
fields which introduce some statistical distribution into t
local potential barrier heights for charge hopping. Thus,
activation energy should no longer be the same for all h
ping ions. This broadens the relaxation in the dielectric sp
tra and the loss peak compared to the case of a single D
relaxation. If the distribution is temperature independe
~due to frozen random fields! than the broadening become
exponentially wider on cooling. This is qualitatively ob
served in many dynamically disordered dielectric system6

but is so far very little investigated experimentally, becaus
requires an extremely broad frequency range of invest
tions at cryogenic temperatures.

In this paper we present and describe the broadband
electric spectra of another type of partially disordered diel
tric material, namely Bi1.5Zn1.0Nb1.5O7 with a cubic pyro-
chlore structure. This material is neither a dipolar glass no
relaxor ferroelectric. It will be shown that nevertheless t
©2002 The American Physical Society06-1
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FIG. 1. Crystal structure of cu-
bic Bi1.5Zn1.0Nb1.5O7. 21% of Bi

atoms arranged alonĝ11̄0& di-
rections are substituted by Zn a
oms, 4% of A sites are vacan
Each atom on the A site is actuall
disordered among 6 equivalen
positions, O’ atoms are disordere
among 12 equivalent sites~Ref.
19!. 25% of Nb atoms are substi
tuted by Zn atoms.
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dielectric spectra reveal some features which are comm
with other disordered systems so far studied.

Bi pyrochlore ceramics were discovered in the ea
1970s9,10 and have attracted additional study during the las
years due to their possible applications in high freque
capacitors and microwave resonators. The permittivity«8 is
relatively large~80–180!,11–14 the dielectric losses are sma
(tand;1023 in the kHz range!,13–15 and it is possible to
prepare ceramics with temperature coefficients of permit
ity, TC«, smaller than 10 ppm/ °C.16 Very important for an
application in integrated circuits is the fact that the perm
tivity of Bi-pyrochlore thin films is not effected by
thickness17 and also that low crystallization temperatur
(;550 °C) can be achieved.17,18 There are two main phase
in the Bi2O3–ZnO–Nb2O5 system: Bi1.5Zn1.0Nb1.5O7, in
which at least some Zn atoms occupy A site positions,19 with
«8;160 at room temperature and the cubic pyrochlore str
ture ~space groupFd3̄m-Oh

7 ,Z58, see Fig. 1!13,19,20 and
Bi2(Zn1/3Nb2/3)2O7 which has «8;80 and a pyrochlore-
related crystal structure that is often reported
pseudo-orthorhombic,13 but is actually monoclinic.21,22

Both compounds can be generally written
(Bi3xZn223x)(ZnxNb22x)O7 with x50.5 ~cubic! and x
52/3 ~monoclinic!, respectively. The temperature coefficie
of capacitance is negative for cubic Bi1.5Zn1.0Nb1.5O7 (TC«
52400 ppm/ °C), while monoclinic Bi2(Zn1/3Nb2/3)2O7
has a positive TC«5150 ppm/ °C.13 Two-phase sample
with appropriate compositions achieve TC« close to zero
with «8'100 andtand,1022.16

The A2B2O7 pyrochlore structure is often described b
the formula B2O6•A2O’, which emphasizes that the structu
05410
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is built of two interpenetrating networks: BO6 octahedra
sharing vertices form a three-dimensional network~see Fig.
1! resulting in large cavities which contain the O’ and
atoms in an A2O’ tetrahedral net.19 A-cations are randomly
displaced by;0.39 Å from the ideal eightfold coordinate
positions. The displacement occur along the six^112& direc-
tions perpendicular to the O’–A–O’ links. In addition, the O
ions are randomly displaced by;0.46 Å along all twelve
^110& directions.23

The effect of various chemical substitutions on the str
ture and dielectric properties of Bi-based pyrochlores w
investigated by several authors.15,23–26An attempt to mini-
mize TC« in Bi1.5Zn1.0Nb1.5O7 by doping with Bi3NBO7
(TC«51170 ppm/ °C,«85100) was published in Ref. 27
The resulting pyrochlore-fluorite two-phase samples exh
TC« between 80 and 200 ppm/ °C and«8 varies between 80
and 100, depending on the concentration of Bi3NbO7.

Dielectric measurements between 2 kHz and 1 MHz
vealed broad dielectric relaxation in cubic Bi1.5Zn1.0Nb1.5O7
bulk ceramics14 and thin films17 at cryogenic temperatures
The dielectric permittivity is also tunable with an electr
field, while the dielectric loss remains field independen17

Hysteresis loop measurements revealed no polar order a
K after cooling a thin film under a bias field of 830 kV/cm.17

The aim of this paper is the extension of the dielectric stu
to higher frequencies~up to 100 THz! to understand bette
the dielectric dispersion mechanism.

II. EXPERIMENTAL PROCEDURE

Bi1.5Zn1.0Nb1.5O7 ceramics were prepared by conve
tional powder processing techniques; a detailed descrip
6-2
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ANOMALOUS BROAD DIELECTRIC RELAXATION IN . . . PHYSICAL REVIEW B66, 054106 ~2002!
can be found elsewhere.28 The relative density of the ob
tained ceramics was higher than 96%.

The low-frequency dielectric response in the range of 1
Hz–1 MHz was measured using a HP 4284 LCR meter w
an ac field of 1 V/mm on 3-mm-diam sintered disks. An AP
Cryogenics cryostat system~Model HC-2! was used for mea
surements down to 12 K.

Dielectric measurements in the high-frequency~HF!
range of 1 MHz–1.8 GHz were performed using a compu
controlled HF dielectric spectrometer equipped with an
4291B Impedance Analyzer, a NOVOCONTROL BDS 21
coaxial sample cell and a SIGMA SYSTEM M18 temper
ture chamber~operation range 100–570 K!. The impedance
of a cylindrical sample~diameter 1.5 mm, height 3.5 mm!
with Au electrodes sputtered on the cylinder ends was
corded on cooling at a rate of 1 K/min. The dielectric para
eters were calculated taking into account the electromagn
field distribution in the sample.29,30

A custom made time-domain terahertz transmission sp
trometer was used to obtain the complex dielectric respo
in the range from 3 cm21 to 30 cm21 ~90–900 GHz!. The
technique itself is suitable up to 80 cm21, but above
30 cm21 the samples were opaque. This spectrometer us
femtosecond Ti:sapphire laser and a biased large-apertur
tenna from a low-temperature grown GaAs as a THz emit
and an electro-optic sampling detection technique. This m
suring technique is described in detail elsewhere.31 A pol-
ished plane-parallel 100mm thick disk with a diameter of 6
mm was studied. An Optistat CF cryostat with mylar wi
dows ~with thicknesses of 25 and 50mm for the inner and
outer windows, respectively! was used for measuremen
down to 10 K.

Room temperature infrared reflectivity spectra were
tained using a Fourier transform spectrometer~Bruker IFS
113v! in the frequency range of 20–3300 cm21 ~0.6–100
THz!. Low-temperature measurements down to 10 K w
performed up to 650 cm21 only because the polyethylen
windows used in the Optistat CF cryostat~Oxford Ins.! are
opaque at higher frequencies. Pyroelectric deuterated tri
cine sulfate detectors were used for the room tempera
measurement, while a highly sensitive, helium cooled~1.5
K! Si bolometer was used for the low-temperature meas
ments. A disk-shaped sample with a diameter of 9 mm
thickness of 2 mm was investigated. A micro-Raman sp
trum was excited with the 514.5 nm line of an Ar laser a
recorded in the back scattering geometry using a Renis
Ramascope at room temperature. The low-frequency cu
;60 cm21 is determined by the notch filter which remov
the strong elastically scattered light signal from the sp
trum.

III. RESULTS AND DISCUSSION

The temperature dependence of the real and imagin
parts of dielectric function for Bi1.5Zn1.0Nb1.5O7 at selected
frequencies between 1 kHz and 1 GHz and calculated f
the THz data at 300 GHz is shown in Fig. 2. The data in
range below 100 kHz were already published in Ref. 14;
values were multiplied by 1.14 to match the HF permittivi
05410
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This small difference is probably a function of minor diffe
ences in the measurement approaches. The HF data
used as reference because they are very accurate at
temperature, where calibration of the spectrometer was d

Infrared reflectivity spectra at 10 and 300 K are shown
Fig. 3. The spectral range above 1000 cm21 is not shown
because the reflectivity is flat at frequencies approaching
value given by the high-frequency permittivity«` . The lack
of distinct changes between 300 K and 10 K implies that
structural phase transition occurs on cooling. The comp
dielectric response«* (v) in the infrared range can be ob
tained from the reflectivity R(v) via

R~v!5UA«* ~v!21

A«* ~v!11
U2

, ~3!

where«* (v)5«8(v)2 j «9(v) was treated using the sum o
several damped oscillators plus high frequency permittiv
«` originating from the electronic polarization,

«* ~v!5«ph* ~v!1«`5(
i 51

n
D« iv i

2

v i
22v21 j vg i

1«` . ~4!

v i , g i , andD« i denote the eigenfrequencies, dampings, a
contribution to the static permittivity from thej th polar pho-
non mode, respectively, and«ph* (v) is the complex phonon
permittivity.

The unpolarized micro-Raman spectrum of
Bi1.5Zn1.0Nb1.5O7 ceramic taken at room temperature
shown in Fig. 4. The experimental spectrumI (v) was fitted
with the sum of several Gaussian curvesI (v)
5(I 0iexp$2@(v2vi)/gi#

2%1const, as shown in Fig. 4. Th
parameters of the modes seen in the infrared and Ra

FIG. 2. Temperature dependence of the real~a! and imaginary
~b! part of dielectric permittivity at selected frequencies betwee
kHz and 300 GHz~full squares!.
6-3
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spectra are summarized in Table I. Note the unusually la
damping of most modes. This is consistent with the hig
disordered structure of Bi1.5Zn1.0Nb1.5O7

It is interesting to compare the number of phonon mo
observed in infrared and Raman spectra with the numbe
permitted modes using factor-group analysis. According t
very recent structural refinement of cub
Bi1.5Zn0.92Nb1.5O6.92, the atoms in A sites occupy one of
closely spaced possible positions and each O’ atom is di

FIG. 3. Infrared reflectivities~a! at 10 and 300 K together with
the real~b! and imaginary~c! parts of permittivity calculated from
the fits to the reflectivities and submillimeter data with Eqs.~3! and
~4!.

FIG. 4. Room-temperature micro-Raman scattering
Bi1.5Zn1.0Nb1.5O7 ceramics together with the result of Gaussian
05410
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dered among 12 positions.19 In this case the factor group
analysis of cubic Bi1.5Zn1.0Nb1.5O7 yields the following pho-
non modes in the center of the Brillouin zone~assuming
some occupancy of all the sites simultaneously, which gi
the upper estimate of the expected modes number32!

G52A1u16A2u12A2g18Eu15A1g~R!17Eg~R!

113F2g~R!115F1u~ IR!111F2u110F1g ~5!

including oneF1u acoustic triplet. This means that 14F1u
modes are infrared active, 25 modes~of symmetries
A1g , Eg , andF2g! should be Raman active and the rest
the modes are silent~i.e., inactive!. If the atoms in A and O’
sites were not disordered but ordered in the central site
was assumed in an earlier Ref. 20, the factor group anal
yields

G53A2u13Eu1A1g~R!1Eg~R!14F2g~R!

18F1u~ IR!14F2u12F1g ~6!

so that only 7 infrared and 6 Raman active modes are
lowed in the spectra. In our case 9 and 8 modes were nee
to fit the infrared reflectivity and Raman spectra, resp
tively, which supports the structure refinement with disord

The high damping of the lowest frequency phonon seen
the infrared and THz spectra at;50 cm21 also supports the
disorder on the A sites. This mode, assigned in Refs. 23,3
the 0’-Bi-0’ bending vibration is overdamped~see Fig. 3!.
Our preliminary THz and infrared data revealed that t
lowest-frequency phonon mode is underdamped in mo
clinic Bi2(Zn1/3Nb2/3)2O7, where Bi atoms are fully ordered
Radio-frequency permittivity of Bi2(Zn1/3Nb2/3)2O7 is com-
pletely described by phonon contributions and no dielec
relaxation was observed below the polar phonon frequenc

The fit to the infrared reflectivity data fo
Bi1.5Zn1.0Nb1.5O7 was combined with the more accurate e
perimental dielectric data in the range of 3 –30 cm21 ob-

TABLE I. Parameters of the observed phonon modes active
infrared and Raman spectra. Frequenciesv i and dampingsg i of
modes are in cm21, D« i is dimensionless and the Raman streng
I 0i are in arbitrary units.

IR modes Raman modes

No. v i D« i g i v i I 0i g i

1 53.5 67.2 102 100 228 20
2 83.0 1.6 18 126 843 93
3 146.0 15.0 45 188 613 66
4 190 5.8 67 247 817 85
5 259.5 2.2 86 329 712 139
6 344.5 5.0 99 430 194 76
7 490.5 1.2 99 529 458 129
8 565.0 0.9 95 612 142 64
9 872.5 0.006 32 685 229 105
10 ••• ••• ••• 768 597 76
11 ••• ••• ••• 831 240 108

f
.

6-4
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FIG. 5. Frequency dependenc
of the real and imaginary parts o
permittivity at selected tempera
tures between~a! 10 and 100 K
@note the log–log scale for«9(v)#
and~b! 150 up to 300 K. Note the
frequency scale change at 50 K
The low-frequency increase in
«9(v) below 103 Hz at 10 and 50
K is an instrumental effect.
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tained from time-domain THz transmission spectrosco
The oscillator fit was sufficient below 100 K, but Figs. 3~b!
and 3~c! show that the oscillator fit is not able to describe t
THz data at 300 K. An additional relaxation was required
explain the high submillimeter permittivity and dielectr
loss. The permittivity below 2 GHz is higher than the su
millimeter permittivity. In addition the dielectric loss ob
served over the broad spectral region is indicative of a br
dielectric relaxation below phonon frequencies, which is
compatible with a single Debye relaxation. Therefore we
tempted to describe the relaxation spectra with a distribu
of Debye relaxation frequenciesT(V),34,35
05410
y.
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«* ~v!5«`1«ph* 1E
0

` T~V!

V1 j v
dV. ~7!

For simplicity T(V) was assumed to be a step function,

T~V!5H 0, V, f 1 or V. f 2

g, f 1,V, f 2 .
~8!

The uniformT(V) corresponds to a constant distribution
equally strong Debye relaxations between some upperf 2)
and lower (f 1) frequencies. In real materials, the shape
T(V) is probably smooth rather than steplike, but this w
6-5
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not considered here in a first approximation.T(V) is normal-
ized by the total dielectric strength of the relaxation,

D«R5«02«`2(
i 51

n

D« i5E
0

`T~V!

V
dV5g ln

f 2

f 1
. ~9!

This model is a simple one, but it allows us to estimate
width, and the upper and lower limits of the relaxation fr
quency distribution. Such a uniformT(V) was also used for
analysis of dipolar glass Rb12x(NH4)xH2PO4 ~Ref. 36! and
the relaxor ferroelectrics PbMg1/3Nb2/3O3 and
Pb12xLaxZr12yTiyO3 ~PLZT!.37,38 The integral in Eq.~7!
with a uniformT(V) can be transformed into the following
expression:

«* ~v!5«`1«ph* 1
g

2
lnS f 2

21v2

f 1
21v2D

2 jgFarctanS f 2

v D2arctanS f 1

v D G . ~10!

Figure 5 shows the frequency dependencies of the

FIG. 6. ~a! Distribution function T(V) of Debye relaxation fre-
quencies at selected temperatures.~b! The Arrhenius plot off 1

~shown as full squares,f `56.129•1012 Hz,Ea50.202 eV) to-
gether with the Arrhenius plot of frequenciesf max corresponding to
the «9~T! maxima at fixed frequencies~see open circles,f `

51.502•1013 Hz,Ea50.156 eV).
05410
e
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al

and imaginary parts of the dielectric functions at selec
temperatures in the frequency range of 100 Hz–100 THz
this figure, the experimental data from low- and hig
frequency dielectric measurements were combined with s
millimeter and infrared data. The solid lines show the resu
of the fits with Eqs.~4! and~10!. A good agreement betwee
the theoretical curves and experimental data is seen. Exp
mental«8 values at 100 K are lower than the fit probab
because the accuracy of the HF spectrometer becomes l
as the operation temperature decreases from room temp
ture, where calibration of coaxial measuring cell was p
formed. Small discrepancies in«9 at frequencies in the vi-
cinity of f 1 are presumably due to the fact that the re
distribution function T(V) does not undergo steplik
changes, but is actually smooth. The fits at low temperatu
were performed under the assumption that the static per
tivity, «05160, is temperature independent as usually
sumed for dipolar glasses.45 In fact from theoretical consid-
erations for a system of independent dipoles,«0 should
increase with decreasing temperature according to the C
Law,

«0~T!5
C

T
1const, ~11!

but the fit to«0(T) with this dependence yields such a sm
Curie constant (C,2500 K) that the temperature depe
dence of«0 is down to 50 K negligible.

The distribution functions of the relaxation frequencie
T(V), obtained from the fits of the dielectric dispersion a
shown in Fig. 6~a!. It shows that the high-frequency limitf 2
of T(V) is almost temperature independent~within the ex-
perimental accuracy!, and reaches values between 100 G
and 1 THz, which is close to optical phonon frequenci
f 1—the low-frequency edge ofT(V)—moves from the GHz
range at 300 K down to the Hz range at 75 K, and th
rapidly to the sub-Hz range on further cooling. At 10 K, th
fit yields anf 1 of 10263 Hz, on the assumption of a consta
static permittivity and even less for the case of increas
static permittivity. This means that«8 will never reach the
static value in real time and«9 should be nonzero and fre
quency independent practically at all frequencies below 1
GHz.

Our results show that the Arrhenius Law@Eq. ~1!# satis-
factorily describes the temperature behavior off 1. The
Arrhenius plot of lnf1(1000/T) is shown in Fig. 6~b! by solid
squares; the parameters of the fit (f `56.1331012 Hz, Ea
50.202 eV orEa /k52345 K) are reasonable. The activ
tion energyEa characterizes the highest potential barrier a
f 1 consequently corresponds to the frequency of the slow
group of hopping ions.36 On the other hand, the essential
temperature independentf 2 means that the barrier heigh
distribution is spread down to zero. Whenf 1 data were re-
fitted using the more general Vogel–Fulcher Law@Eq. ~2!#
the resulting freezing temperatureTVF was only 0.4 K, which
supports the simpler Arrhenius fit. When the temperature
pendence of dielectric loss maxima@from Fig. 2~b!# were
fitted, again Arrhenius behavior was obtained withf `

51.5031013 Hz andEa50.156 eV~see open points in Fig
6!. One can see that the difference between the two temp
ture dependencies is quite pronounced. Let us note that th
using frequency spectra has a clear physical meaning as
6-6
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ANOMALOUS BROAD DIELECTRIC RELAXATION IN . . . PHYSICAL REVIEW B66, 054106 ~2002!
ated with slowing down of some dissipative process, wher
the meaning of fit to the maxima in temperature depend
cies of loss~or permittivity! at several fixed frequencie
though widely used is much less physically transparent e
cially in case of polydispersive relaxation and/or strong te
perature dependence of the dielectric strength. Howe
there is a trend to use the latter fitting procedure, since
experimentally more easily achieved with a narrower f
quency range of measurements.

Let us discuss the origin of the relaxation. The struct
refinement in Ref. 19 suggests that the cubic pyrochl
structure can tolerate considerable Zn substitution on th
site. In our sample 21% of Bi31 atoms are replaced with
Zn21 atoms ~note the different valence of the atoms! and
4% of the A positions remain vacant@i.e., the proper chemi-
cal formula of the cubic pyrochlore phase
(Bi1.5Zn0.42)(Zn0.5Nb1.5)O6.92].

19 Each A atom occupies on
of 6 closely spaced possible positions, each O’ atom is
ordered among 12 positions. The relaxation might stem fr
the hopping of dynamically disordered A and O’ atom
among the closely spaced possible positions. Moreover,
clear that the inhomogeneous distribution of Zn21 atoms and
vacancies on the Bi31 sites gives rise to additional rando
fields. This could yield multiwell potentials that have a wid
distribution of heights, and therefore transition rates,
Bi31 and Zn21 cations. Such an interatomic potential c
cause a broad dielectric relaxation. Our data show that in
this distribution goes essentially from 0~consistent with the
temperature independentf 2) to aboutEa'0.2 eV. As al-
ready mentioned, the closely related monoclin
Bi2(Zn1/3Nb2/3)2O7, which has completely ordered Bi atom
with no Zn substitution on the A sites22 exhibits no dielectric
relaxation below phonon frequencies. On the other hand
Bi1.5Zn1.0Ta1.5O7, which probably also has disordered Bi an
Zn atoms on the A sites, low frequency dielectric relaxat
was observed. However, its contribution to the static perm
tivity D«R was only;10, in comparison to;60–70 in the
case of Bi1.5Zn1.0Nb1.5O7.39

A broad frequency range with nearly constant loss is f
quently seen in other disordered systems like conduc
ionic glasses, melts and crystals~see Refs. 40,41! as well as
in dipolar glass systems@e.g., Rb12x(NH4)xH2PO4 ~Refs.
6,42–45!# and relaxor ferroelectrics38,46,47 at low tempera-
tures. Frequency independent losses are seen also in
mers and supercooled liquids and are known as thef
noise.3,4,48 Also the dielectric response of the relaxor ferr
electric PLZT ceramics can be successfully fitted with a u
form distribution of relaxation frequenciesT(V).38 Since the
static permittivities of ferroelectric relaxors and the cubic
pyrochlore are substantially higher than in ionic conducto
supercooled liquids and polymers, the value of dielectric l
«9 is by 2–3 orders of magnitude higher.

It should be noted that the width of the relaxation-tim
distribution can be determined also from a special mod
independent frequency–temperature plot~so called Kutnjak
plot!45 which was successfully applied t
Rb12x(ND4)xD2PO4 and ferroelectric relaxors.45–47 In all
the cases, under the assumption of constant static perm
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ity at low temperatures, the high-frequency edge of rel
ation frequencies was found to follow the Arrhenius La
with a very small activation energy~not much different from
our case!, whereas the low-frequency edge obeyed
Vogel–Fulcher Law. This indicates some correlation effe
between the dipoles which leads to the formation of po
clusters at low temperatures. In our case of Bi1.5Zn1.0Nb1.5O7
the low-frequency edge follows the Arrhenius law which i
dicates that the hopping of the atoms in the A-positions
mutually independent and no cluster formation is expecte

The physical mechanism that gives rise to the freque
independent loss spectra is not completely understood
erally, but it seems that this phenomenon is universal.40,41 It
is highly probable that the origin of constant loss in ferr
electric relaxors, dipolar glasses, supercooled liquids, io
conductors, and Bi pyrochlore is the same—random fie
produce distributions of multiwell potentials with a wide di
tribution of transition rates for hopping of dynamically di
ordered ions. Such a picture always yields 1/f noise, but only
at sufficiently low temperatures. Our point is therefore th
constant dielectric loss should also be expected in other
ordered systems, but only at low temperatures. This diff
from the meaning of other authors studying ionic conduct
glasses,40,41 where the constant loss contribution was eva
ated from the medium temperature dielectric spectra by s
tracting a contribution of the dc conducting ions dominati
at low frequencies. In our opinion, their analysis and conc
sion about constant loss contribution are justified only in
higher-frequency range and its low-frequency cutoff as
function of temperature cannot be properly followed. In o
case, the data analysis is simpler and more straightforw
because the conduction contribution to the dielectric
sponse is negligible at all temperatures. This enabled u
conclude that the low-frequency cut-off of the constant lo
mechanism is thermally activated, as follows also from o
simple model of broad frozen potential barrier distributi
for local hopping of disordered ions.

IV. SUMMARY

The complex dielectric response of Bi1.5Zn1.0Nb1.5O7 be-
tween 100 Hz and 100 THz revealed dielectric relaxat
below the polar phonon frequencies. Its dielectric stren
D«R>70 is comparable with the phonon contribution. A
room temperature the relaxation occurs at frequencies ab
108 Hz. On cooling the relaxation anomalously broade
and below 100 K it spreads beyond the lowest measu
frequency of 100 Hz. The dielectric loss is nearly frequen
independent at low temperatures and the complex dielec
dispersion could be well described by a uniform distributi
of relaxation frequencies. The high-frequency limit of rela
ation frequencies is nearly temperature independentf 2
'1011 Hz); the low-frequency limitf 1 follows the Arrhen-
ius Law. The relaxation might stem from the hopping
dynamically disordered Bi and Zn atoms at the A sites~each
of the A atoms occupy one of 6 equivalent, closely spac
positions! and hopping of O’ atoms among 12 sites. T
disorder was confirmed by infrared and Raman spectra.
broad distribution of relaxation frequencies has its origin
6-7
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the inhomogeneous distribution of Zn21 atoms and vacan-
cies on Bi31 sites which induce random fields. Our da
show that the barrier heights distribution for the hopping
the disordered ions reaches from about 0.2 eV essentiall
0 and is temperature independent. A nearly constant die
tric loss has been observed at low temperatures in many
namically disordered materials. It can be concluded that t
effect has always a common origin—random fields produ
distributions of multiwell potentials with a wide distribution
of transition rates for hopping of some sort of dynamica
disordered ions.
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