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Magnetic characterization has been performed on the superconducting members of the
R&,Ceo 5Sr,Cu, NbO&o (R =Eu, Nd, and Srn) series. These materials are related to the YBa2Cu307
structure through the replacement of the CuO chains with Nb02 planes, and the single rare-earth ele-
ments with a R202 fluorite structure. Measurements of the lower critical-field curve, irreversibility line,
volume fraction, Meissner fraction, and magnetic relaxation are reported for each compound. No evi-
dence of intergrain weak-link behavior down to 0.1 Oe is observed. Estimates of the zero-field intragrain
critical current density from high-field hysteresis curves taken at 6 K for the Nd-, Sm-, and Eu-based sys-
tems are 2.7X10, 3.3X10, and 4.7X10 A/cm, respectively.

I. INTRODUCTION

Recent investigations by several groups' ' into devel-
oping cuprate high-T, superconductors have examined
the effects of doping metallic titanium, niobium, and tan-
talum into the well characterized RBa2Cu30& (R is a
rare-earth element except Ce, Pr, and Tb) high-T, super-
conducting ceramics. Mattheiss' recently proposed that
layered cuprate phases containing intermediate TiO2,
NbOz, and TaOz electronic buffer layers could become
superconducting if suitable doping of carriers could be
achieved within these materials. Theoretical band-
structure calculations for these compounds show distinct
band features near the Fermi energy, namely a pair of
half-filled, nearly degenerate antibonding cr* subbands
that are a well-known characteristic of the high-T, super-
conductor YBa2Cu307 s (YBCO).'

Murayama et al. successfully formed the tantalum-
doped electrical insulating phase LaBa2Cu2Ta08
(LBCTO). Later work showed that isostructural insu-
lating niobium analogs RBa2Cu2NbO& (R =La, Pr, and
Nd) could also be formed. The structural analysis done
in these studies on these R Ba2Cu2MO& (M =Ta or Nb)
materials have shown that the RBCMO structure is de-
rived from the RBCO tetragonal oxygen-deficient triple
perovskite structure with MO2 (M= Ta or Nb) planes
preferentially replacing only the CuO chains, while leav-
ing the Cu02 planes intact. Moreover determination of
the lattice parameters for these RBCMO tetragonal

phases have demonstrated that the lattice mismatch be-
tween the parent RBCO orthorhornbic phase to be (2%
both normal to and along the Cu02 planes making these
materials excellent candidates for expitaxially grown
RBCO/RBCNO multilayer thin films. However, at-
tempts at raising the Cu oxidation state in the Cu02
planes by doping holes into these RBCNO materials
through chemical substitution such as Ca + and Sr + in
for La + and Ti + in for Nb + have thus far been unsuc-
cessful.

Li and co-workers' ' " formed the compounds
Nd, ,Ceo sSrzCu2MO, O (M=Nb or Ta). Cava et a1. '

later refined the preparation technique and were able to
make Nd, sCeo ~Sr2NbO, O (NdCSCNO) superconducting
with a T, of approximately 28 K. Recently, Goodwin,
Radousky, and Shelton' were successfully able to form
two additional isostructural cuprate-niobate supercon-
ducting phases R, sCeo 5Sr2CuzNbO&o (R =Eu and Sm)
with a T, of 25 and 28 K, respectively. Rietveldt
refinement analysis' '" of the crystallographic structure
of these RCSCNO cuprate niobates from powder x-ray-
diffraction data taken during these studies show that in
addition to local substitution of NbO2 planes for the CuO
chains in the RBCO structure, a Auorite structured
(R, 5Ceo ~)02 layer fully replaces the rare-earth layer,
while strontium atoms are substituted in for the barium
atoms. The RCSCNO T' phase crystallographic struc-
ture is shown in Fig. 1.

In this paper, we report on the static and dynamic
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FIG. 1. The RCSCNO T' phase crystallographic structure.
Oxygens in the Nb, Sr, and Cu layers are designated as O(1) or
O(5), O(4), and O(2) or O(3), respectively, while O(4) denotes the
oxygens between the fluorite layers.

behavior of the super conducting members of the
cuprate-niobate R, ~Ceo 5SrzCu2NbO, o (R =Eu, Nd, and
Sm) family of compounds in external magnetic fields.
Measurements of the volume fraction, the Meissner frac-
tion, the lower critical-field curve, and dc irreversibility
phase line are reported. The Bean critical state model is
used to extract values for the zero-field critical current
densities in these materials. The field and temperature
dependence of the magnetic relaxation rates in these
cuprate-niobate materials are also presented. The discus-
sion covers the issue of observing superconductivity in
other members of the homologous series
(R, Ce), +„Sr2CuzNbOs+2„(R =Nd, Sm, and Eu) and
discusses the observed temperature and field dependence
of the relaxation rates in these materials within the
framework of a distribution of activation energies.

II. EXPERIMENT DETAILS

Polycrystalline samples of RCSCNO were prepared by
conventional solid-state reaction methods. Stoichio-
metric amounts of high purity (99.99% or better) CeO2,
Ndq03, Sm203, Eu203, SrCO3, CuO, and Nb205 powders
were appropriately weighted, ground together, and
pressed into —', -in. pellets. The finished pellets were

placed in alumina crucibles and sintered at 1120 C for 80
h in a slightly pressurized (approximately 30 kPa) oxygen
atmosphere and then allowed to furnace cool to room
temperature. The lengthy anneal time was required to al-
low sufficient time for the appropriate Cu and Nb cation
ordering to occur within the structure. Samples were
then reground, pressed into pellets, and the firing process

repeated. Subsequent powder x-ray-diffraction data were
taken on each of the samples, validating the formation of
the expected phase, the results of which have been previ-
ously described elsewhere. '

A commercially available SEMCO Nanolab 7 high-
resolution scanning electron microscope (SEM) was used
to obtain an image of the bulk morphology of each of the
sintered materials in order to estimate the average size
and shape of the superconducting grains. In each case
the sintered specimen was ground to a fine powder prior
to use in the SEM.

The magnetization data were all taken on a commer-
cially available Quantum Design rf superconducting
quantum interference device (SQUID) magnetometer.
Zero-field cooled and field-cooled dc magnetization
profiles over the temperature range 5 —60 K were ob-
tained for each compound for magnetic fields ranging
from 5 to 10000 Oe. Hysteresis data for each compound
were taken at 6, 15, 23, and 30 K for magnetic field ex-
cursions of +5, +20, +50, +100, +500, and +55000 Oe.
Partial isothermal magnetization curves, used in deter-
mining lower critical-field estimates for each of the ma-
terials, were taken at several different temperatures rang-
ing from 5 to 2S K and a magnetic-field sweep of 0 to 90
Oe. Estimates of the effective magnetic moment from
low-field susceptibility profiles were obtained for each of
the samples over the temperature range of 30—300 K in a
magnetic field of 5000 Oe. Zero-field-cooled and field-
cooled magnetic relaxation data were obtained for ap-
plied magnetic fields of 50, SOO, 1000, and 5000 Oe at
several temperatures in the range of 4. 5 —30 K.

III. EXPERIMENTAL RESULTS

The mass of the SmCSCNO, NdCSCNO, and
EuCSCNO test pieces that were used throughout this
study were measured to be 0.0702+0.0005,
0.0875+0.0005, and 0.0195+0.0005 g, respectively. The
experimental densities of the RCSCNO sintered samples
were measured to be approximately 92% of their theoret-
ical densities. The measured densities of the RCSCNO
ceramics were higher than expected considering the
powder sintering methods employed. Notably, Peng,
Shelton, and Radousky' have measured equally high-
density yields of 90% or greater for sintered
Nd2 „Ce„CuO4 & phases embodying a similar fluorite-
type layer structure suggesting that these types of materi-
als tend to sinter well. The SEM results showed that the
superconducting grains in these polycrystalline RCSCNO
samples were irregularly shaped with very rough sur-
faces. The average grain size from these SEM images was
estimated to be approximately 10 pm in diameter.

The temperature variation of the slope dM/dH, in the
diamagnetic region, from a number of low-field hysteresis
runs taken at several temperatures was examined. The
temperature dependence of the slope dM/dH in the di-
amagnetic regime is a convolution of the temperature-
dependent superconducting volume fraction and the
temperature-independent demagnetization factor. Figure
2 shows the temperature dependence of the slopes
dM/dH for all three RCSCNO samples. At the lower
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FIG. 2. The slope BM/BH evaluated in the linear diamagnet-

ic region as a function of temperature for the three RCSCNO
materials. The lines shown in this figure are curve fits to the ex-

pression A[1 —(T/T, ) ].

temperatures the value of the slope can be readily ob-
served to saturate indicating that a maximum in the su-
perconducting volume fractions in these ceramics have
been obtained, while at the higher temperatures, near the
transition temperature, the slope drops to zero. The
behavior of the slope dM/dH with respect to tempera-
ture can be understood within the theoretical frame-
work' ' developed for describing granular high-T,
ceramics as a continuous medium with an effective per-
meability p„, defined by

where f, represents the volume fraction of superconduct-
ing grains, f„ is the amount of nonstoichiometric materi-
al, and (p ) is an averaged permeability of the supercon-
ducting grains defined by

(p ) =8, /8„,
with 0, and O„being the flux penetrating into the grains
under superconducting and normal conditions, respec-
tively. In this interpretation, the temperature variation
of p„, is completely determined by the temperature
dependence of the effective penetration depth into these
ceramics by an external magnetic field. In the case of
well sintered ceramics where the grains are extremely
well connected, i.e., no weak links, the penetration depth
is expected to be an intrinsic property of the supercon-
ducting grains as the flux can leak into the bulk material
through the grain boundaries. As a guide for the reader
the lines shown in Fig. 2 are curve fits to the expression
A [1—( T/T, ) ] where A is a fit parameter. The overall
broad shape of these curves is believed to be a result of
the inhomogeneity, or low volume fractions, of these
granular materials whereas for granular materials with
100% volume fractions, or single crystals, the tempera-
ture variation of the slope dM/dH should be constant up
to the critical temperature where it should then undergo
an abrupt transition to zero.

An estimate of the superconducting volume fractions

30

20

~ I I I
~

0 op
pp OOO

Oy ~ soo 000 0
$0

I ~ I 1
I

~ I ~
I

~ I

10

-LO

0 0
0

0
000000

Opoo
OOOOOp

00 00p 000
Opp 00

0
0

0

-20
a500 Oe

a a50 Oe

4 a100 Oe

~ i i I s s I t i s

pppppp
pop 00

0
P~pq&0,

-600 -400 -200 0 200
Magnetic Field (Oe)

400 600

FIG. 3. A set of low-field hysteresis data taken on the
SmCSCNO sample for magnetic-field excursions of (a) +50,
+100, and +500 Oe and (b) +5 and +20 Oe. No secondary loop
at the low fields due to wink-link behavior was observed in the
data.

at the low temperatures for each of the RCSCNO sin-
tered materials was made using test samples from the
same batch of compounds the original specimens were
obtained from. These new samples were formed into
"thin disks" so that the demagnetization factors could be
easily estimated and the samples were subsequently zero-
field cooled, introduced to a 20-Oe field, and the induced
magnetization signal measured. The demagnetization
factors for the irregularly shaped test specimens were
then determined from the ratio of the volume fractions
obtained in this way over the saturated value of the slope
dM/dH at the low temperatures. Using this approach
the average demagnetization factors N„obtained for
the Nd-, Sm-, and Eu-based RCSCNO phases were
0. 10+0.01, 0.06+0.01, and 0.22+0.01, respectively.
The reader should take note that these demagnetization
factors have been taken into account in the results that
follow.

The results of a sequence of isothermal low-field hys-
teresis runs at 6 K obtained for the SmCSCNO phase are
shown in Fig. 3. Similar data sequences were also gen-
erated for both the NdCSCNO and EuCSCNO com-
pounds. There appears to be no observable weak-link
behavior down to 0.1 Oe, the lowest attainable field in the
SQUID. Typically, the presence of weak links will be
made clear by the opening of a small rectangular inner
hysteresis loop at sufficiently low magnetic-Geld excur-
sions ( ( 1 Oe) that closes again at somewhat higher mag-
netic fields () 10 Oe). ' ' ' To explore the possibility
that weak-link behavior in these materials might be ob-
servable at higher temperatures, where the contribution
of this effect to the overall magnetization signal would
most likely begin to dominate over that from the per-
sistent supercurrents, additional low-field hysteresis data
were also taken at 15 and 23 K on these Sm-, Eu-, and
Nd-based RCSCNO compounds. Subsequent examina-
tion of the results indicated that no weak-link behavior
was observed to occur even at these elevated tempera-
tures. The absence of any noticeable weak links in these
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high-density sintered RCSCNO materials, at least at the
magnetic fields used in this study, suggests that the mag-
netization is primarily due to the superconducting grains.

Several experimental data points illustrating the
magnetic-field dependence of the zero-field-cooled (ZFC)
shielding ratio of the three RCSCNO compounds are
shown in Fig. 4. The ZFC shielding ratio for each test
specimen was obtained by dividing the maximum
difference in the values of the ZFC magnetization curve
by the applied magnetic field accounting for demagneti-
zation effects. Figure 4 shows that the ZFC shielding ra-
tios for these materials are constant for su%ciently low
fields but begin to decrease at the higher-field strengths
indicating the onset of flux penetration. This type of
behavior, attributed to the grain boundaries being the re-
versible paths of the flux lines, has been previously ob-
served by Kitazawa et al. in polycrystalline
Bi2Sr2CaCu20s (BSSCO) where these sintered test speci-
mens responded like a powder under the influence of high
magnetic fields but like a single crystal in the low
magnetic-field regions having nearly a flat response in the
intermediate field range. Notably, the volume fractions
for the Nd-, Sm-, and Eu-based RCSCNO materials es-
timated from the ZFC shielding ratio at the low fields
were 16, 30, and 42%, respectively.

The magnetic-field dependence of the field-cooled (FC)
shielding ratio in these RCSCNO samples shows a similar
field dependence to the ZFC shielding ratios. The Meiss-
ner fractions were obtained in an analogous fashion to
the volume fractions with the FC magnetization curves
used instead. The results for the Meissner fractions for
the Nd-, Sm-, and Eu-based RCSCNO materials were 10,
20, and 19%, respectively. The rapid decrease in both
the ZFC and FC shielding ratios for the Nd-based analog
is attributed to poor phase purity. The FC shielding ratio
is much less than the corresponding ZFC shielding ratio
for these RCSCNO compounds. The origin of this
difference between the ZFC shielding ratio and FC
shielding ratio for high-1", materials can be explained on
the basis of flux pinning. At the smaller fields, the ZFC

and FC magnetization signals tend to be nearly the same
because the ZFC samples exhibit full flux expulsion and
very little flux is trapped within the field-cooled samples.
For intermediate fields, due to increased trapping of flux
within the grains, ZFC magnetization signals tend to be
greater than FC magnetization signals. Finally, for high
fields, due to a reduction in flux expulsion from the ZFC
samples, the Meissner fraction and volume fraction be-
come nearly equal; their ratio eventually becoming unity.

A representative set of magnetization versus field data,
obtained at various different temperatures that were mea-
sured for each of the RCSCNO samples. The field of first
vortex entry (fiux trapping) into the grains was chosen to
be the field where the magnetization data at a given tem-
perature began to reasonably deviate from linearity
((0.999 in goodness-of-fit values). The results of es-
timating the lower critical field H, i versus temperature is
shown in Fig. 5. These results tend to agree well with the
fields at which the onset of a reduction in the ZFC shield-
ing ratio for these RCSCNO specimens is observed to
happen. Moreover, the H, &

results also agree with the
fields at which the onset of flux trapping occurs in these
materials as determined from the low-field hysteresis
data. The temperature behavior of the H, &

lines do not
show any indication of saturation at low temperatures as
might be expected for intrinsic BCS-type behavior.
Similar behavior in the temperature dependence of H„
has been previously observed in magnetization studies on
oriented polycrystals of RBCO.

The results of high-field hysteresis runs taken at 6 K
for the three RCSCNO samples suggest that they are a
convolution of a large positive magnetization, attribut-
able to the strong 4f electron interactions of the magnet-
ic rare-earth ions in these materials, and an underlying
hysteretic behavior characteristic of type-II superconduc-
tors. At the higher magnetic fields a saturation in the
magnetization signal can be observed to occur in the
NdCSCNO system. Similar saturation effects have been
previously observed in high-field magnetization data tak-
en on polycrystalline NdBCO. On the other hand, the
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FIG. 4. The ZFC shielding ratio for the three RCSCNO
compounds plotted vs magnetic field. The FC shielding ratio
for the three RCSCNQ compounds plotted vs magnetic field
shows a similar field dependence.

FIG. 5. The H, &
lines plotted as a function of temperature for

all three RCSCNO materials. The error bars in obtaining the
values of H, &

in these materials is estimated to be +1 G.
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field dependence of the magnetization signal remains fair-
ly linear in both the Sm- and Eu-based RCSCNO sys-
tems. Due to crystalline-field efFects, the paramagnetic
response of these 4f electron systems cannot be described
by a simple Brillouin function and therefore the positive
magnetization component cannot be easily subtracted out
from the overall signal. As a result, estimates for the
upper critical field H, 2 for the RCSCNO compounds
from the high-field hysteresis data were not possible. Still
it is often useful to gain a physical feeling for the relative
strength of the magnetic interactions, i.e., saturation mo-
ments, in these RCSCNO compounds by attempting to fit
the high-field hysteresis data to a Brillouin function at
least for temperatures above T, . An upper bound on the
saturation moments at 30 K for the Nd- and Sm-based
RCSCNO compounds using this method were roughly
4.86pz and 1.11pz, respectively. These values appear to
be reasonable in light of the p,z values of 2.97 and 0.42
previously reported from low-field susceptibility data. '

A set of ZFC and FC magnetization data taken for the
NdCSCNO system at 5, 100, 1000, and 2000 Oe is shown
in Fig. 6. The magnitude of the 2000-Oe ZFC and FC
data have been reduced by a factor of 5 and that of the
100-Oe data by a factor of 3 in order to make it easier to
compare the inherent features of all the curves over the
broad range of fields used. A strong paramagnetic contri-
bution at the higher fields in both the zero-field and field-
cooled magnetization signals causes a noticeable upturn
at low temperatures.

The irreversibility phase lines for the three RCSCNO
test specimens are shown in Fig. 7. The data points
comprising the irreversibility phase curves were obtained
by determining the point of departure of the FC signal
from the ZFC signal as a function of the applied magnet-
ic field. The irreversibility lines were subsequently fit
to a "quasi-de Almeida-Thouless" relationship of the
form
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H( T;,„)=H'(0) I 1 —( T;„(H) /Ti„(0) )]",
where T;„ is the irreversibility temperature. Table I pro-
vides the values of H(0), T;„(0)/T„and n obtained from
the curve fits for the EuCSCNO, SmCSCNO, and
NdCSCNO samples.

The results shown in Fig. 7 agree reasonably well with
the temperature dependence of the magnetic field that
separates the reversible and irreversible paths in the
high-field hysteresis data for these samples. Notably, the
large values for t-0.91—1.02 may indicate that the
phase boundary between the reversible and irreversible
behavior in these RCSCNO materials might closely coin-
cide with the critical phase line T, (H). Resistivity mea-
surements on these RCSCNO compounds to determine
the upper critical field are needed to verify this. Addi-
tional work is also being performed to determine the
difFerences that arise in determining the irreversibility
lines for these materials by taking FC measurements dur-
ing a warming cycle versus a cooling cycle. It is expected
that these hysteresis difFerences would be much less pro-
nounced in these materials than in YBCO due to the
small T, .

In lieu of electrical transport measurements, the
magnetic-field dependence of intragrain critical current
densities are often deduced from hysteresis data where
the irreversible behavior is assumed to be related to Aux
expulsion from the persistent supercurrents fIowing
around the grain boundaries. For most polycrystalline
high-T, materials the Bean critical state model (CSM)
really only provides a rough estimate of the intragrain

FIG. 7. The H-T irreversibility phase lines for the three
RCSCNO materials. The lines shown in this figure are quasi-de
Almeida-Thouless curve fits to the data. The error in the values
of T;„are estimated to be +0.5 K.

FIG. 6. Zero-field-cooled and field-cooled magnetization sig-
nals as a function of temperature taken on the NdCSCNO speci-
men for fields of 5, 100, 1000, and 2000 Oe. The magnitude of
the 2000-Oe data has been reduced by a factor of 5 and that for
the 100-Oe data by a factor of 3 for clarity. A strong paramag-
netic contribution to these data, from 4f interactions between
the rare-earth ions, can be seen.

Compound

NdCSCNO
EUCSCNO
SmCSCNO

M(0) [kOe]

8.77
51.71
48.27

k = T;„(0)/T,

0.91
0.99
1.02

2.05
3.07
3.31

TABLE I. Quasi-de Aimeida-Thouless fit parameters for
RCSCNO (R =Nd, Eu, and Sm).
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critical current density, J, (H, T), because the magnetic-
field dependence is neglected and hence the magnetiza-
tion at which the Aux penetrates to the center of a sample
depends on the temperature. According to the Bean
model J, [A/cm ] is given by the relationships

J, = 15*6M/R, (4)

where b.M [emu/cm ] is the width of the hysteresis loop
and R [cm] is the average radius of the grains. It should
be noted that the value of the zero-field critical current
density J,(0, T) determined by this method will depend
on the accuracy from which the average grain size and
overall shape can be determined, i.e., the model assumes
cylindrical symmetry. The zero-field current density is
an important intrinsic material parameter for polycrystal-
line superconductors because it describes the transport
characteristics of the superconducting grains in the ab-
sence of any fields. The critical current densities for the
NdCSCNO, SmCSCNO, and EuCSCNO compounds es-
timated using the Bean critical state model are plotted in
Fig. 8 as a function of magnetic field for a temperature of
6 K. The critical current density is observed to be the
highest in the Eu analog indicating that a greater amount
of Aux trapping occurs within this material. This seems
reasonable in light of the H, &

results previously discussed.
From Fig. 8, the estimates of the J,(0, 6 K) values for the
Eu-, Sm-, and Nd-based RCSCNO systems are
-4.7 X 10, 3.3 X 10, and 2. 7 X 10 A/cm, respectively.
These numbers are similar to those reported for sintered
TBCCO (Ref. 18) within one order of magnitude of those
originally reported for sintered BSSCO (Ref. 35) and two
orders of magnitude smaller than sintered YBCO.

A set of ZFC magnetic relaxation data versus time at
different temperatures were generated for the
NdCSCNO, SmCSCNO, and EuCSCNO materials. FC
magnetic relaxation data were also taken for these com-
pounds but as no measurable changes occurred in any of
the FC samples, i.e., the magnetization signal remained
constant, the results from these experiments have not
been included. An analysis of the time dependence of the

decay of the ZFC magnetization signals by plotting these
values versus the logarithm of the time at which each ex-
perimental data point was measured showed this relation-
ship to be linear. This logarithmic decay in time can be
related to a thermally activated vortex creep process in
which Aux lines in the critical state hop over potential
barriers due to thermal activation. ' Assuming a
single-barrier height Uo (activation energy) for the pin-
ning centers, the decay in magnetization signals were fit
to the well-known relationship

M(H, T)=M(H, O)[1—(kT/Uo) ln(l+t /w)], (5)

where t is the measurement time and ~ is the relaxation
time for the Aux line to jump over the pinning well. The
value of ~ that was used in these calculations was 10
sec and the experimental times for these measurements
ranged from 1 up to 10 —10 sec. The results of extract-
ing Uo as a function of temperature for the three
RCSCNO materials is shown in Fig. 9 at 500 Oe. The
values for the single-barrier activation energies in the
RCSCNO compounds are observed to range from 0.02 to
0.66 eV. The magnitude of these pinning well depths is
considerably smaller than the single-barrier activation en-
ergies previously reported for sintered YBCO-1 to 1.5
eV. This may simply be a consequence of the lower T,
in these materials. In order to determine the nature of
the field dependence of the magnetic relaxation in these
compounds, a set of relaxation measurements were made
at 6 K for several different fields. A definite peak in the
values for the relaxation rates can be clearly seen for all
three RCSCNO compounds. Figure 10 also shows that
the character of the field dependence on either side of this
peak are not the same. This type of asymmetric relaxa-
tion behavior has also been observed for other granular
high-T, superconductors. ' Preliminary evaluation of
the overall shape of these relaxation rate data show that
the nature of the curve for low fields has a quadratic
dependence on magnetic-field strength. A preliminary
comparison with theoretical predictions ' for the relax-
ation rate profiles generated from various CSM suggest
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compounds for an applied magnetic field of 500 Oe.
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FIG. 10. The magnetic relaxation rates for the Nd-, Sm-, and
Eu-based RCSCNO test samples plotted as a function of the ap-
plied magnetic field. The asymmetric dependence of the relaxa-
tion rate on the applied field on either side of the peak can be
clearly seen.

that the critical state for these cuprate-niobate samples
might be described by either the exponential decay CSM
or the inverse linear polynomial CSM. Moreover, while
an H dependence is correctly predicted for low fields,
comparison with the Bean CSM predictions for the
higher fields indicates that the complex behavior in these
RCSCNO materials is not properly accounted for within
the framework of this model. Additional work to deter-
mine the appropriate critical state framework to interpret
the magnetic relaxation behavior in these particular
high- T, superconductors would prove beneficial.

IV. DISCUSSION

A simple application of the bond valence sum tech-
nique to estimate the excess charge concentration in the
CuQ2 planes for the Nd-, Sm-, and Eu-based RCSCNO
phases yields 2.3224, 2.3032, and 2.3203, respectively.
These results indicate that the Cu02 planes are in fact
overdoped with holes. This is in sharp contrast to the
R»~Ce~ »Cu04 s (R =Pr, Nd, Eu, and Sm) system
where Hall measurements have shown the electrons to
be the charge carriers responsible for the high-
temperature superconductivity. Interestingly, Matheiss'
has pointed out that if the appropriate level of Ce doping
could be achieved, other phases in the homologous series
(Nd, Ce) &+„Sr2Cu2NbO&+2„, in which the individual
members contain fluorite blocks with different
thicknesses, could also be made superconducting. The
doping of Ce should also lead to discovery of supercon-
ductivity in the corresponding Eu- and Sm-based homo-
logous series.

The two best recognized physical pictures that have
been previously used to describe the essential features of
both dynamic and static magnetic interactions in granu-
lar high-T, ceramics are (1) a superconducting "spin-
glass" model (Refs. 15—21, 27, 28, 35 —38, and 46—48)
based on the dynamics of a disordered ensemble of weak-
ly coupled anisotropic superconducting grains separated

by nonstoichiometric material and (2) a thermally activat-
ed flux-creep and flux-flow model based on the strength
of pinning forces and local vortex-field gradients (Refs.
22, 29, 30, 31, 39, and 49—61). The bulk of the experi-
mental data currently available on granular high-T, com-
pounds have been interpreted equally well within the
framework of either model. The experimental results of
the magnetic behavior for these high-T, cuprate-niobate
materials similarly do not provide sufficient evidence that
would tend to favor the spin-glass model over the flux-
creep model or vice-versa. The presence of weak links at
smaller fields in these materials cannot be entirely ruled
out. Furthermore, some of the data such as the irreversi-
bility phase lines lend themselves more easily to a spin-
glass description, while the magnetic relaxation and criti-
cal current densities are better understood in terms of
flux pinning and vortex gradients. Still other measure-
ments like the lower critical field curves can be under-
stood equally well in either physical model. Experimen-
tal data on single crystals of these RCSCNO materials
would certainly assist in providing information that
might help to provide additional insight into the physical
mechanisms of the magnetic behavior for these niobium-
doped superconductors.

Lastly, if the single-barrier thermally activated flux-
creep scenario governed the process of magnetic relaxa-
tion in these high-T, systems, then one might expect that
each individual pinning well depth would decrease to
zero with increasing temperature so that U~(T, )=0,
since the material would no longer be superconducting
and the magnetic Aux should fully be able to penetrate
into the bulk. One of the surprising features in the mag-
netic relaxation data obtained for high-T, materials is
that the activation energies at some magnetic fields can
actually increase with increasing temperature, while for
other fields the activation energies can even show several
peaks. This unusual behavior for high-T, materials has
been explained on the basis of the presence of a distri-
bution of activation energies in these materials rather
than simply a single-barrier height that is uniform
throughout the sample. For low temperatures the ob-
served decay rate is due to the low activation energies
and at higher temperatures only the surviving deep wells
contribute to the decay of the magnetization signals.
This approach has already proved successful in describ-
ing similar effects in R, 85Ce~ »Cu04 & samples as well
as BSSCO samples. ' Additional work incorporating an
inversion scheme proposed to obtain the distribution
function of activation energies for these cuprate-niobate
materials needs to be performed.
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