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Temperature and frequency dependences of the dielectric properties of YBazcu306+„(x =0)
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The real (e') and imaginary (e") parts of the dielectric constant of dense tetragonal ceramic
(91—93% of theoretical density) YBazCu306+ samples with x =0.04 and 0.06 were investigated as
functions of temperature (4-300 K) and frequency (10 —10 Hz). At 4K the dielectric loss is very
small (tan 5 & 0.005) and e'= 14.7+0.3, independent of frequency. This value of e' represents the in-

trinsic value of the static dielectric constant of the material, i.e., the combined electronic and lattice
contributions to e'. Both e' and e" exhibit small increases with increasing temperature at low

temperatures —behavior characteristic of normal dielectrics; however, on further heating strong in-

creases and frequency dispersions develop. Above -160 K, the e'( P and e"(P responses are near-

ly exponential. These temperature and frequency effects are interpreted in terms of dipolar polar-
ization associated with the hopping motion of localized charge carriers. Consistent with this view,
the observed frequency dependence of the conductivity is found to obey a power law of the form
o(~)= Ace', where s is a temperature-dependent constant ( & 1) and ar is the angular frequency. The
results can be well represented by Pike's classical hopping model which yields explicitly the co' be-

havior, the temperature dependence of s, and the energy barrier to the hopping process.

I. INTRODUCTION

The discovery of high-temperature superconductivity
(T, above 90 K) in YBa2Cu306+„ the so-called "1:2:3"
material system, has generated great interest in the physi-
cal properties of these materials. A very intriguing prop-
erty of this system is the ease by which oxygen can be
taken up or removed from it, making it possible to vary x
continuously from 0 to 1.'

The system crystallizes in a layered perovskitelike
structure, a key feature of which is the arrangement of
the copper and the bridging oxygen ions. ' These ions
lie in infinite layers, or sheets, with an ABC, ABC,
sequence. Layers A and C consist of CuOz units, whereas
layer B has variable 0 content. For x =0, the 0 sites in
the B layer are empty, and the crystal structure is tetrag-
onal (P4lmmm), the c axis being perpendicular to the
layers. The addition of 0 causes random filling of the
four equivalent sites between the Cu ions in the B layer,
and the structure remains tetragonal up to x =0.4. For
x & 0.4, the 0's tend to order into chains along one of the
tetragonal a axes. This ordering breaks the tetragonal
symmetry and the crystal structure becomes orthorhom-
bic (Pmmm ). At x =1 half of the 0 sites in the B layer
are filled forming complete Cu-0 chains. In the tetrago-
nal phase (0~x (0.4), the materials are insulating anti-
ferromagnets, the magnetic Cu spins being aligned in the
planes of the A and C layers. Superconductivity is ob-
served only in the orthorhombic phase with T, increasing
from &40 K to -90 K as x increases from =0.4 to 1.0. '

Although there appears to be no overlap between the
insulating antiferromagnetic and superconducting phases,
it is generally believed that understanding the behavior in
the tetragonal insulating phase may shed some light on
the mechanism of superconductivity in these materials.

This view has motivated studies of the electronic trans-
port and magnetism of the insulating phase. The dielec-
tric properties of this phase can also provide important
insights; however, no systematic studies have been re-
ported. It has been observed that several of the
Cu02-based high-T, materials, including tetragonal 1:2:3,
have relatively large, temperature-dependent dielectric
constants. Since such dielectric behavior is often the sig-
nature of ferroelectricity or incipient ferroelectricity in
many perovskite oxides, it has been tempting to suggest
the possibility of a common origin of ferroelectricity and
high-T, superconductivity in oxides. Bussmann-Holder
et al. have recently drawn attention to this possiblity
and described a lattice dynamical model for displacive-
type (or soft mode) ferroelectrics which might be applied
to high-temperature superconductors. Dielectric con-
stant results of Testardi et al. on a polycrystalline 1:2:3
sample quenched from high temperature ( ) 1170 K) as
well as earlier results on BaBi, Pb, 03 are cited by
Bussmann-Holder et al. as providing possible
confirmation of the competition between electron-
electron pairing instability and ferroelectricity in this ma-
terial. Kurtz et a/. have also proposed that 1:2:3and re-
lated materials may transform on cooling to a relaxor fer-
roelectric state prior to the onset of superconductivity.

Testardi et a/. reported measurement of the dielectric
constant of a highly porous (density =70%%uo of theoreti-
cal) polycrystalline sample of 1:2:3. The sample was
prepared by quenching from 1170 K & T & 1220 K. The
oxygen content was not specified. The work is not de-
tailed or complete in that only the real part of the dielec-
tric constant ( e' ) at only one frequency (20 kH z) was re-
ported with the indication that e' increases nearly linear-
ly with temperature from —100 at 20 K to -650 at 250
K. Below 20 K, e' decreases sharply with decreasing T.
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This temperature dependence is unusual for a dielectric
or ferroelectric. Unfortunately, the complementary
imaginary part of the dielectric constant, or the dielectric
loss, was not reported.

The present work was motivated by the need for a de-
tailed study of the dielectric properties of tetragonal insu-
lating 1:2:3. In the absence of suitable single crystals,
the measurements were made on two high-density
(-91—93% of theoretical) ceramic samples with
x =0.04 and 0.06. The results allowed evaluation of the
real and imaginary parts of the dielectric constant from 4
to -300 K and over the frequency range 10 to 10 Hz.
In what follows, the experimental details are summa-
rized, and this is followed by presentation and discussion
of the results. It will be shown that the results do indeed
provide important insights into the behavior of this ma-
terial.

II. EXPERIMENTAL DETAILS

The real (e') and imaginary (e") parts of the complex
dielectric constant e(=e' —ie") of two polycrystalline,
insulating 1:2:3 samples were determined from capaci-
tance, dielectric loss (tan5) and complex impedance mea-
surernents performed as functions of temperature
(4—-300 K) and frequency (10 —10 Hz). The results
represent polycrystalline averages of the anisotropic
(tetragonal a and c axes) values of these properties.

The samples were made by mixing stoichiometric pro-
portions of reagent grade YzOi, Ba(NO&)z, and CuO in a
polyethylene jar with methanol and A120~ milling media
for 16 h. The mixture was first dried then calcined in air
at 925'C for 4 h. The resulting porous compact was
ground by hand and screened to —200 mesh. That
powder was uniaxially pressed at 34.5 MPa (5000 psi)
into bars approximately 5.08X0.64X0.64 cm which
were then isostatically pressed at 172.4 MPa (25000 psi. ).
The bars were sintered at 950'C for 4 h in air, thereafter
the atmosphere was switched to oxygen and the tempera-
ture lowered to 900'C for another 4 h soak. From 900'C
the samples were cooled slowly (5 'C/h) to 480'C
and held for 14 h. The samples were then furnace
cooled to room temperature under oxygen. Sample den-
sities were typically 91—93% of theoretical and con-
tained 6.89-6.91 oxygens per formula unit as measured
by reduction to the oxides (and Cu metal) in hydrogen. '

To establish the quality of the starting samples for the
present work, the superconducting properties of thin
plates cut from an as-prepared YBa2Cu306+„bar were
determined by static magnetization measurements in a
commercial SQUID susceptometer. Flux exclusion (di-
amagnetic shielding) and flux expulsion (Meissner effect)
were measured versus magnetic field and temperature for
plates approximately 6.6X5.3X0.6 mm; the field was
applied par alle1 to the long dimension to minimize
demagnetization effects. One such plate weighed 140.5
mg, corresponding to a density of 91% of the theoretical
value of 6.36 g/crn . The shielding response versus in-
creasing field at 5 K following zero-field cooling showed
the well-documented grain decoupling" near 2.5 mT. At
lower fields the volume susceptibility g„=—1.02/4m,
corresponding to complete flux exclusion ( —1/4m ) with
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FIG. 1. Flux exclusion (solid circles) vs increasing tempera-
ture and Aux expulsion (open triangles) vs decreasing tempera-
ture for a cut thin plate of ceramic YBa2Cu306+„{x=0.90)
oriented parallel to a 2.S mT applied field.

a 2% enhancement due to the very small demagnetiza-
tion. Above 5 mT the shielding response was also linear
in applied field with y„=—0.83/4n", half of the reduc-
tion below complete exclusion is attributed to the grain
decoupling which exposes the pores of the ceramic to
field penetration, while the remainder is largely due
to the field penetration depth (=1500 A) into the indi-
vidual grains. Except for the grain decoupling, the large
shielding response suggests high-quality ceramic
YBa2Cu&06+ „.

Figure 1 shows flux exclusion (solid circles) versus in-
creasing temperature and flux expulsion (open triangles)
versus decreasing temperature between 5 and 100 K in a
field of 2.5 mT applied parallel to a cut plate. The sharp
onset of superconductivity near 93 K, the rapid rise in
both exclusion and expulsion, and the nearly Bat response
below liquid nitrogen temperature all attest to the homo-
geneity of the superconducting YBa2Cu306+„grains,
both in cation stoichiometry and oxygen concentration.
The factor of three difference in exclusion and expulsion
at low temperature is attributed to flux pinning which
occurs both at grain and twin boundaries in this ortho-
rhombic material. Again, the data in Fig. 1 are the best
observed to date in ceramic YBazCu306+„, and are con-
sistent with high-quality material.

Having established the high quality of the starting
samples, slabs of approximately 9X7X0.7 mm were cut
from the as-prepared bars. The oxygen contents of the
slabs were normalized by heating in oxygen to 1170 K at
2 K/min, holding for one hour and then cooling to room
temperature at 0.5 K/min. Based on our past results'
we believe this treatment fixes the oxygen content at
about 6.90 oxygens per formula unit. Two of the normal-
ized slabs were then heated to 1100 K in 1000 ppm
Oz/Ar and held for 30 min. The atmosphere was then
purged with pure argon for 10 min after which time the
slabs were quenched to room temperature. The weight
changes show the oxygen contents to be 6.04 and 6.06 ox-
ygen atoms per formula unit. X-ray diffraction measure-
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ments showed the samples to be in the tetragonal phase,
and the densities were -92% of the theoretical. The
room-temperature resistivities were 250—270 0 cm.

Within a few hours after quenching, the large surfaces
of the samples were dry polished and elec-
troded with air-drying silver paint. These electrodes
adhered well and gave reversible, reproducible results. In
measurements on insulating La2Cuo4 we found that these
electrodes and sputtered gold electrodes gave identical re-
sults. When not in use the samples were always kept in a
dry atmosphere in a desiccator. The dielectric measure-
ments were started within a few days after quenching and
electroding. The reproducibility and reversibility of the
data over the course of the experiments (many days)
showed that there were no aging effects.

The details of the experiments were similar to those re-
ported earlier. ' The capacitance, dissipation, and com-
plex impedance of the samples were measured using
Hewlett-Packard instruments —an LCR bridge model
4275A and an impendence bridge model 4192A. The
temperature measurements were performed with the sam-
ple mounted in a helium gas-filled cell placed inside a
conventional low-temperature Dewar. Temperature
changes were measured to better than +0. 1 K using Cu-
constantan and Au-Au Fe thermocouples. The experi-
mental setup made it most convenient to take data on the
warm-up cycle. Consequently, all the data presented
were obtained on warming up the samples from 4 K,
However, data were also obtained on cooling at a fixed

temperature (76 K) and were in good agreement with
the data obtained on warming. e' and e" were calcu-
lated from the measured capacitances (or impendences)
without correction for changes in sample dimensions due
to thermal expansion. Such changes are usually small'
and are of no consequences for the present purposes.

III. RESULTS AND DISCUSSION

Measurements on single crystals of orthorhombic su-
perconducting 1:2:3revealed significant anisotropy in the
electronic properties as functions of crystallographic
orientation. ' It is reasonable to expect some anisotropy
in the electronic and dielectric properties of the tetrago-
nal insulating phase as well. Although the present mea-
surements were performed on high-quality, dense ceramic
samples, it should be emphasized that the reported
dielectric constants represent polycrystalline averages.

The results on the x =0.04 and 0.06 samples were
qualitatively, and in most important respects, quantita-
tively similar. All the data were reproducible and rever-
sible on temperature cycling. This was not the case in
earlier attempts at the same measurements using normal-
ly sintered low-density ceramics.

The main results are summarized in Figs. 2 —4. Figure
2 shows the e'(T) and e"(T) results at diff'erent frequen-
cies (f) for the x =0.06 sample. Figure 3 provides, on an
expanded scale, a more detailed view of the temperature
and frequency dependences of the dielectric loss,
tan5(=e" je'), for the same sample. For comparison,
Fig. 4 presents results for the x =0.04 sample. Here we
emphasize the low-temperature (&80 K) responses.
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FIG. 2. Temperature dependence of the real (e') and imagi-
nary (e") parts of the dielectric constant of dense ceramic
YBa2Cu306 p6 at different frequencies.
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FIG. 3. Temperature dependence of the dielectric loss, tan6,
of dense ceramic YBa~Cu306 p6 at different frequencies.

Above 80 K the responses are qualitatively similar to
those of the x =0.06 sample. We note that these
responses are qualitatively and quantitatively different
from that reported by Testardi et al. s

Three general features of the results in Figs. 2-4 are
noteworthy. First, we note that at the lowest tempera-
tures both e' and e" become frequency and very nearly
temperature independent. At 4 K, tan5 & 0.005, implying
that both samples are good, low loss, dielectrics, and e'
reaches a limiting value of 14.7+0.3. Note that both e'
and e" approach their 4 K values from higher tempera-
tures with zero slope, i.e., de''dT and de" IdT~O K, as
is expected on thermodynamic grounds. Second, both e'
and e" increase with increasing T, and strong frequency
dispersions develop as shown. Above - 160 K, the e'(T)
and e"(T) responses are nearly exponential. Third, the
results reveal shoulders in the e(T,f ) responses in the re-
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FIG. 4. Temperature dependence of the real {e') and imaginary (e") parts of the dielectric constant of dense ceramic

YBa2Cu, 06 04 at di8'erent frequencies.

gions 30-40 K and 60-80 K. These shoulders, which are
most clearly seen in the expanded data in Fig. 3, could be
due to the presence of some minority phases or impurities
in the samples. It is known' that there is a second super-
conducting "phase" with T, =60 K in orthorhombic 123,
and it is likely that some manifestation of this phase sur-
vives in the tetragonal phase. We now wish to discuss the
first two features.

The complex dielectric function, e= e' —i e", which de-
scribes the response of a solid to an oscillating electric
6eld, is generally determined by three sources of polariza-
tion and can be written as

The first contribution, e„, is the electronic, or high-
frequency dielectric constant which arises from the polar-
ization associated with the displacements of the electron-
ic charge distributions of the atoms or ions relative to
their nuclei. The second, or lattice, contribution e&,

arises from the polarization associated with the combined
effects of the displacement of the ions and the accom-
panying displacements of the electronic charge distribu-
tions. The third contribution, e&, arises from dipolar po-
larization associated with the presence of either per-
manent orientable dipoles (not present in the 1:2:3 ma-
terials) or dipolar eff'ects produced by impurities, lattice
defects, or the presence of charge carriers. These three
contributions are not completely independent: however,
they exhibit different frequency responses and can thus be
separated. At very low frequencies, all three sources of

polarization are important, whereas at optical frequen-
cies, i.e., above optical phonon frequencies, only the elec-
tronic polarization comes into play. In the absence of di-
polar polarization, e should be nondispersive for frequen-
cies up to micro~ave frequencies. Thus, dispersion below
microwave frequencies results from dipolar polarization
effects. These effects are known to exhibit a variety of
characteristic frequency and temperature responses. '

The fact that e' and e" become independent of frequen-
cy at the lowest temperatures in Figs. 2 and 4 indicates
that the observed response represents the true static
dielectric response of this ceramic 1:2:3 material in the
absence of dipolar effects. The observed value of e' at 4
K is the same ( 14.7+0.3 ) for both samples and
represents essentially e'„+e', for this material. Although
the data show that a strong frequency dispersion in both
e' and e" develops with increasing T, this dispersion van-
ishes for f ~5X10 Hz below -60 K. Thus, the e'(T)
response between 4 and 60 K at 10 Hz in Figs. 2 and 4
retlects the temperature dependence of (e'„+e', ). We
note that in this regime, e increases slightly with increas-
ing temperature, behavior characteristic of normal dielec-
trics. ' This increase, which is shown more clearly for
the x =0.04 sample at 10 Hz in Fig. 4, results primarily
from the increase in lattice polarizability, or softening of
the lattice, with increasing T.

The relatively large increases in the magnitudes of, and
the strong frequency dispersion in, both e' and e" ob-
served at the higher temperatures in Figs. 2-4 are
characteristic of dipolar effects which are controlled by
the activation of defects and/or localized charge centers.
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Localized charge carriers are believed to be prevalent in
the insulating phase of the Cu02-based oxides, ' and
charge transport presumably occurs by hopping motion.
Under ac field excitation, hopping, or oscillatory, motion
of carriers leads to a net polarization or current. The in-
phase (with the field) component of the polarization is re-
sponsible for the dipolar contribution to the real part of
e', i.e., ez, whereas the out-of-phase component is
refiected in the dipolar part of the dielectric loss tan5 (or
ez. The dielectric loss is related to the dipolar conduc-
tivity, o z by the expression

10-e

103
D

10-8—

Y Ba2Gu 306 06

tan5 =Eg /Eg = 41TcTg

/Cycle,

(2)

where co( = 2m f ) is the angular frequency.
For many crystalline and noncrystalline solids known

to exhibit hopping electronic transport, the frequency
dependence of 0& is known to obey a power law of the
form18-21
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0&(co)= A, co' (3a)

=coo&'(co) /4m, (3b)

where A
&

generally exhibits a weak T dependence, s 1

and Eq. (3b) follows from Eq. (2). The real part of the po-
larization, or e&, also has a characteristic frequency
response; however, the two responses are not independent
of each other but, rather, are related by the Kramers-
Kronig relations. Specifically, given Eq. (3), it can be
shown that the Kramers-Kronig relations lead to

FIG. 5. Power-law dependence on frequency of the real (0 q )

and imaginary (me&) parts of the complex dipolar, or polariza-
tion, conductivity of YBa2Cu30606. The dashed line is the
theoretical result for ~e& calculated from o & using Eq. (4b).

coeg(co) —A2co

=o z(co)tan(sn /2),

(4a)

(4b)

1000

500
where Az = A, tan(sm/2).

We will now show that the present data are well
represented by Eqs. 3 and 4. Some results are shown in
Fig. 5. Plotted are log(co@~) vs logf at constant T=160
K. The symbols represent the data determined directly
from the measurements. It is seen that such plots are
linear over the ranges covered, and in both cases
the exponent s =0.69%0.01. The applicability of the
Kramers-Kronig relations is demonstrated by the dashed
line in Fig. 5. This dashed line, which represents coez(co)
calculated from Eq. (4b), provides an excellent fit to the
directly measured co@„'(co) data represented by the trian-
gles.

As is commonly observed in systems exhibiting hop-
ping electronic transport, ' ' we find the exponent s ex-
hibits significant temperature dependence. Specifically,
for the x =0.06 sample, s = 1.0, 0.80, 0.69, and 0.60, at 4,
80 K, 160 K, and 190 K, respectively. Similar results
were obtained for the x =0.04 sample. We shall discuss
this temperature dependence of s below.

Turning next to the temperature dependence, Fig. 6
shows loge" versus T ' plots at fixed frequencies. At
high temperatures, the e"(T) response becomes fairly
well describable by the simple Arrhenius equation

100

50

10

6 7

10/T(K }
10

e'" ~ exp( —E/kT) . (5)

This can be seen to be the case for the 10 Hz data for

FICs. 6. Temperature dependence of the imaginary part of
the dielectric constant (e"~o.z) of YBa2Cu306«measured at
di8'erent frequencies.
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p" T 'exp( E'/kT—) . (6)

As already noted, above 200 K the 10 Hz data in Fig. 6
can be well described by Eq. (5). However, we note here

that over the limited temperature range covered, the
data can be equally well fit by the expression
e""T 'exp( E'/kT) —as dictated by Eq. (6). Thus, the
data are consistent with the high-T limit of the phonon-
assisted hopping model. The transition from the high-T
to the low Tregime (i-.e., change in slope in Fig. 6) is pre-
dicted to occur at —

—,
' the Debye temperature, 8D.

This behavior has been confirmed for some materials,
e.g., the hopping transport of holes in amorphous silica
(SiOz). For the Cu20-based high-T, oxides, SD, is ex-

pected to be in the range 500-600 K, so that the cross-
over from high-T to low-T behavior is consistent with the
model.

To pursue the frequency and non-Arrhenius tempera-
ture dependences of e" further, we resort to Pike's mod-
el of hopping transport which yields explicitly the co'

behavior, the temperature dependence of s and the energy
barrier to the hopping process. In this model, transport
occurs by hopping over potential barriers separating lo-
calized sites. The model is depicted in Fig. 7 which

T & 200 K, where E=0.28 eV. This high-T regime is at-
tained at higher temperatures the higher the frequency.
At lower T's, the response becomes non-Arrhenius with
the slope in Fig. 6 (or E) decreasing continuously with de-

creasing T.
The observed non-Arrhenius behavior of e"(T) in Fig.

6 is characteristic of certain models of hopping
transport. Such behavior is predicted, for example, from
Emin's theoretical studies of phonon-assisted hopping.
Specifically, it is argued that the large decrease in E with

decreasing T for intrinsic hopping is due to the freezing
out of phonon-assisted hopping processes, it being a fact
that the number of available phonons decreases with de-

creasing T. In this model, at suSciently high T's, multi-

phonon processes become prevalent, and the temperature
dependence of the conductivity [or more appropriately,
the mobility, p, , since o(T) is determined by p(T)] be-

comes essentially Arrhenius. Specifically, in this high-T
regime, p is given by

shows two localized sites separated by a distance R. The
problem is treated in the classical limit in which carrier
motion is characterized by an activation energy, 8'
which is calculated for a specific form of the site potential
(taken to be Coulomb-like in Fig. 7). The barrier height
8' is related to R which is determined by a random spa-
tial distribution of the localized sites. 8' in Fig. 7 is the
energy difference between the ground state of the poten-
tial well and the ionized (band or extended) state. At low
temperatures, sites with small separations, or small 8'
[and hence small E in Eqs. (5) and (6)] are dominant,
whereas with increasing T longer hops, or larger W's, be-
come important. This provides a natural explanation for
the observed increase of E with increasing T in Fig. 6. At
low to modest temperatures, the model yields

1 —s=6kT/W (7)

cr" A exp( B/T'~"), — (8)

where x =4 for a three-dimensional system and x =3 for
a two-dimensional system. Results on the T dependence
of the resistivity of single crystal LazCu04 below —100 K
have been interpreted in terms of Eq. (7). Kastner
et al. ' "' find x =4, whereas Oda et a/. ' ' ' find x =3
which is characteristic of 2D transport, and the latter au-
thors argue that this behavior is consistent with the an-

so that the quantity (1—s) is predicted to vary linearly
with T with a slope inversely proportional to O' . Figure
8 shows that our data for 1:2:3 follow this prediction.
From the slope in Fig. 8 we calculate 8' =0.26 eV
which is in rather good agreement with the value of
E=0.28 eV deduced directly from the 10 Hz data for
T&200 K in Fig. 6. It is thus seen that the present data
can be remarkably well represented by Pike's model.

Pike's model is one variant of variable range hopping.
An alternative model for the non-Arrhenius behavior of
e"(T) is Mott's original variable-range hopping model.
Here the continuous decrease in E with decreasing T is
presumed to be due to the increase in average hopping
distance (or decrease in hopping rate) at low 1s as the
carriers sample more distant sites that are more closely
matched in energy. According to this mode, 0, at low
temperatures is given by

)l

Ill j
/%

Wm
I

0.6
YBa2 Cu3 0606

0.4

0.2

FIG. 7. Model of overlapping Coulomb-like potentials Vr

(after Pike, Ref. 20). The potentials are centered a distance R
apart. The ground state (ionization) energy is W, and the po-
tential barrier between the two localized states is W. Note that
W is a strong function of R.
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FIG. 8. Temperature dependence of the exponent s in the
power law o-d ~ co' (expressed as l —s) for YBa&Cu306 p6.
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isotropic nature of the transport in La2Cu04.
In order to test the viability of Eq. (8) o(T) data are

needed over a broad range of T. In most reported cases,
the ( I/T' ") regime extends over a relatively narrow T
range making it di %cult to definitively establish this T
dependence. For the present 1:2:3material, the data be-
tween 100 and 200 K in Fig. 5 do not cover a suSciently
broad T range, and the data below 100 K are, unfor-
tunately, complicated by the aforementioned shoulders in
the e"(T) response in the regions 30—40 K and 60—80 K
(see Figs. 1-3), making it diScult to test the applicability
of Eq. (8) in this region.

IV. CONCLUDING REMARKS

In this paper we have presented and discussed the
effects of temperature (4—300 K) and frequency (10 —10
Hz) on the real (e') and imaginary (e") parts of the
dielectric constant of YBa2Cu306+ in the ultimate insu-
lating limit of x =0. For high-quality ceramic samples
(91—93% of theoretical density) with x =0.04 and 0.06,
the static dielectric constant, e', is found to be 14.7+0.3
at 4 K, independent of frequency, and increases slightly
with increasing temperature up to -60 K—behavior
characteristic of normal dielectrics. Relatively large in-
creases in the magnitudes of, and strong frequency

dispersion in, both e' and e" are observed at higher tem-
peratures. These temperature and frequency effects are
interpreted in terms of dipolar polarization associated
with the hopping motion of localized charge centers. The
results are found to be consistent with Pike's model of
classical hopping transport which is a variable-range hop-
ping model.

An interesting and potentially significant question
centers around the inhuence of the oxygen content, x, in
the 1:2:3material on the dielectric properties of the insu-
lating phase (0 & x & 0.40). This question tnay be partic-
ularly important on approaching the onset of supercon-
ductivity at x =0.4, since it may shed some light on the
issues mentioned in the Introduction relating to the possi-
bility of a connection between high-T, superconductivity
and ferroelectricity. Experiments on samples with
different known oxygen contents are planned.
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