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Observation of granular superconductivity in polycrystalline Sm,_,Ce,CuO,_,
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Using field-dependent @®B=<7 T) noncontact rf surface-resistance measurements, we confirm the onset of
granular superconductivity in the high-temperature superconducter ,&gCuQ,_,, 0.15<x=<0.18 at tem-
peratures for which there is no evidence for a bulk Meissner effect. The surface-resistance data are described
with an extended form of the Coffey-Clem theory. For the samples witld.15, these measurements also
indicate that near the mean-field critical temperatufe, —dBZ,/dT=0.38T/K, for Blic axis.
[S0163-182698)04606-2

INTRODUCTION the sample preparation and the chemical reduction process
are described in Ref. 2. Four-wire electrical resistivity mea-
Previously, Earlyet al! and Jardimet al?® reported the surements were preformed using a Linear Research Model
observation oftwo resistive superconducting transitions in LR-400 ac resistance bridge operating at a frequency of 16
Sm,_,CeCuQ,_y, 0.15=x=<0.18; the transition at the Hz. Copper electrical leads were attached to Au film contact
highest temperature denoted By, was identified by a frac- pads on % 2x8 mn? parallelpiped-shaped samples using
tional drop in the resistivity, followed by a plateau at lower Ag epoxy. Magnetic susceptibility measurements were pre-
temperatures. This partial resistive transition was observed gsrmed on pellets. Zero-field-coolg@FC) and field-cooled
much as several degrees above the bulk transition that occufSC) curves were obtained from 5 to 30 K in a magnetic field
at a temperature denoted By; . Jardimet al. attributed the  of 1 Oe using a commercial variable-temperature supercon-
transition atT; to the nucleation of superconductivity in ducting quantum interference device susceptometer. For the
small isolated regions with estimated dimensions varyingmicrowave experiments, the samples were mounted on the
from 6-300 A. At lower temperatures denoted By; , bottom center of a Tf; microwave cavity, in the region of
which vary systematically with the Ce contegtmagnetiza- maximum rf magnetic field, and minimum rf electric field.
tion data showing a Meissner effect, and dc resistivity meaThe resonant frequency of the cavity was either 12.9 or 9.86
surements, showing vanishing resistivity, are closely correGHz, and the microwave source was “frequency locked” to
lated. The transition aff;; was attributed to Josephson the cavity frequency. The static magnetic field was applied in
coupling of the superconducting granules. This interpretatiothe sample plane, and could be rotated relative to the fixed
of the resistivity data has been discussed elsewhepp-  direction of the current density, Two configurations are of
viding the motivation to employ field and temperature special interest, those with the applied field parallel and per-
surface-resistanfemeasurements to examine this systempendicular tol. In these configurations, the Lorentz force on
with a technique that dependsitheron electrical continuity  fluxons is minimum(nominally zer9, and maximum, respec-
nor on bulk screening currents. Two features, a relativelytively. Changes in the resistive dissipation arising from the
small B, and intrinsic granularity, combine to make thesetemperature and field dependence of the surface resistance
materials attractive candidates for microwave surfacewere detected by measuring the changAfi(B,T)
resistance experiments; the application of a ld@&) mag- =R((B,T)—R(B=0,T) or AR(B=0,T)=R,(B=0,T)
netic field will induce large changes in the surface resistance-Ry(B=0,T=T,) whereT, is a low starting temperature.
through flux-flow and phase-slip resistivities. In the follow- At a sufficiently low temperature, witlB=0, the surface
ing, we present experimental results obtained using a norresistance is expected to be very small, but not zero. Changes
contact surface-resistance method that conclusively demoin the surface resistance were determined by measuring
strates that the superconductive onset temperatdig jand  changes in the power reflected from the cavity, using a point
further, it will be shown that the surface resistance is wellcontact diode. The temperature-dependent empty cavity
described by a phenomenological model. “background” was measured and found to be small and
slowly varying for temperatures from 3-30 K.
Since the dc resistivityp) of the samples was measured
as a function of temperature, these data provided a calibra-
Polycrystalline samples of §m,CeCuQ,_, (0.15<x tion for the microwave system, operating at an angular fre-
=<0.18) were obtained from a sol-gel precursor. Details ofquencyw. The expression for surface resistance in the nor-
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mal state is well known;Rs=(uowp/2)Y2. A second the cavity geometry and mode excited; the current density is
calibration point was obtained from the low-temperature redimited to a small penetration depth and cannot “percolate”
sponse aB=0; the surface resistance was assumed to havthrough the sample, as is possible in a dc measurement. If the
a small residual value;-0. The resulting calibration is be- sample consists primarily of small superconducting regions,
lieved accurate ta-5%. with linear dimensions~¢ (the coherence lengkhthat are
well separated, no field dependence for temperatures below
but near toT; is expected. This results because such small
superconducting regions are too small to be penetrated by a
normal core and remain superconducting. If flux fails to pen-

It is well known that the magnetoresistance of high-etrate the superconducting granules, no flux flow may result,
temperature Superconductors in the normal State/eg/ and there will be no phase S||p either. As the temperature is
small, while the application of a field in the superconducting'educed and the superconducting regions grow and link-up,
state of these type-Il materials invariably leads to substantid?oth flux flow and phase slip will be observedfore T; is
power dissipation at microwave frequencies, even if the€ached. If the superconducting granules do not achieve per-
Samp|e exhibits excellent dc flux pinning_ This results be_CO|ati0n, bulk Screening currents will be |nh|b|ted, and no
cause the driven fluxons vibrate with very small amplituties, bulk Meissner effect is anticipated. Nevertheless, if the ma-
~A, even while in a pinning center. In the Simp]est VieW, terial has been doped with a paramagnetic ion or an impurity,
vibration of the normal core provides an obvious dissipatior€/€ctron-spin resonancESR can be employed to detect
mechanism, as is described by Bardeen-Stébfier flow.  granular superconductivif.** The superconductivity is de-
Further, if the material contains defects which lead to thdectable through changes in the ESR signal size and line-
isolation of small superconducting regions, these barrier§idth, as the temperature is varied through the transition
may act as Josephson junctions through which the flux majemperature. The field for which fluxon penetration will oc-
pass. Such normal barriers are natural flux-pinning sitescur will be neareB., thanB,;, for small superconducting
These sites give rise to phase-slip resistivity as described bgranules, and will approadB.; only as the granule grows to
the Tinkham-LobB!° model as extendeld; *°and applied to @ size commensurate with the penetration depthhe mini-
a variety of materials. It is not unusual for high-temperaturemum temperature for which field-dependent losses are de-
superconductors to display a complete lack of flux-flowtected will vary with the size distribution of the supercon-
resistivity?® while exhibiting phase-slip resistivity in field- ducting granules, and so will be a function of the preparation
dependent dc resistivity measurements. In the case of aniséonditions and composition dependence which lead to the
tropic crystals with the field applied in the basal plane, thedranularity. These granularity effects may be as common as
phase-siip resistivity has axial symmetry, while the planathey are under appreciated; recently Costal’* demon-
flux-flow contribution varies with sff{¢), (¢=~J,B), and  strated thatsingle crystalsof BSCCO and Y123 exhibited
vanishes with] parallel toB (¢=0). If the applied field is two closely spaced transitions, attributed to the same physics
applied in a nonplanar direction, the flux flow also dependéjiscussed here. In the case of the 214-type materials, there is
on the angle of the applied field relative relative to thexis, ~ a@n intrinsic disorder, a consequence of the doping stratagem
but is always maximum fotp= /2. that randomly replaces some of the valenc8& rare-earth

In the case of po|ycrysta”ine Samp|eS, the average resiéons with +2 or +4 valence ions of rOUghly similar size. It
t|V|ty, and surface resistance, is dominated by the |arge§ma.y well be this intrinsic disorder which facilitates the
contribution to the resistivity tensor, which arises from thosedranularity of the superconductivity.
crystallites orientated with thea axes parallel to the applied
field. The resjstiyity is typic:_;llly seen to arise principally A PHENOMENOLOGICAL MODEL
from two dlSSlpatlon m.echa'msm.s: pha§e-sl|p and flux-flgw. FOR THE SURFACE RESISTANCE OF
Egch of th.ese contr|bgt|on§ is qnlsotrpplc, and for crysta!lltes POLYCRYSTALLINE ANISOTROPIC MATERIALS
aligned with the applied field in theia-b planes, each is
much smaller than for field alignment parallel to thexis. In the following, the model for surface resistance, as
The flux-flow and phase-slip resistivities exhibit similar an-given by Coffey and Clerd??® and extended to include a
isotropy, with both contributions minimized witB in the  contribution to the resistivity from a granular material with
crystallite plane. However, each of these contributions to thgunctions as first described by Tinkham, will be employed.
resistivity exhibits different dependence on the relative ori-Coffey and Clem describe the response of a superconductor
entations of the applied field, and the current direction. Thido a combination of rf and dc magnetic fields through two
feature was addressed through the use of a Monte Carlo-likeomplex penetration depths, and\ 5, which are functions
approach, in which the average response of a collection aff temperature, applied field, and angular frequency. The an-
randomly orientated crystallites is computed, using the avergular dependence of the phase-slip resistivity and depen-
age resistivity for the system. dence on the current density enters through the extension.

For twinned orthorhombic or tetragonal samples, the comThe usual approach for treating polycrystalli@@isotropi¢
paratively small flux-flow contribution varies as 4#), as  materials is to employ suitably averaged parameters. This
the field is rotated relative to the current density, while theworks well for relatively small applied fields, and for tem-
phase-slip resistivity is isotropic in theb plane. Heregis  peratures well belowl ., but not for applied fields on the
the angle between the current density and the applied fieldyrder ofB., nearT, . In the following,B is the applied field,
with each in thea-b plane. In a microwave cavity experi- T is the temperaturéel . is the critical(onsej temperature
ment, the direction of the current density is determined byis the polar angle of the applied field relative to thaxis, ¢

SURFACE RESISTANCE
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is the angle between the current density and the applied fiel@i=0, I" is the anisotropy parametek; and B, are param-

in the a-b plane,w is the angular frequency of the rf mag- eters of the phase-slip resistivity, ahgis a modified Bessel
netic field, A, is the penetration depth at=0, p, is the function. In the following, the penetration depths andA 4
normal state resistivityyq is the permeability of free space, are defined in terms of several constituent penetration depths,

B2 is the upper critical field aT =0, J is the current den-

which are in turn defined. Finally, an expression for the av-

sity, andJ.q approximates the maximum current density aterage response of a polycrystalline sample is given

i
\2%(B,T,0)+ 5 [82¢(B,T,0,0)+685(B,T,0,J,0)]

\y(@,B,T,3,0)=

12

i
A\4(B,T,0)+ > 85,(B,T,0,,0)

1-2i\%(B,T,0)/6%B,T,0,0) '

1/2

Ng(,B,T,,0)=

The penetration depth is given by

Ao
B
1

et 1+l

and the normal fluid penetration depth is

NT,B,0)= 7

52(B,T,w,0)

2pn(T) 1

pow | 1—[1—=(T/IT)*I[1-B/Bx(T,0)]

the flux-flow penetration depth is
82%(B,T,0,0)=2p(B,T,0,0) wow

and the junction penetration depth is

85,(B,T,0,0,3)=2ppdB,T,0,J,0)/ oo,

the phase-slip resistivity is given by

B Pn(T)
P BT, )= B TIT) VAL 313,07
0 2T
(T— [B+Bo(6)]

and the renormalized flux flow is

pi(B.T,3,6)=[pn(T) = ppd B.T.3,0)] =7

1-2iN?%(B,T,0)/ 6%(B,T,w,0)

For 6~nm(n=0,£1,£2...), an appropriate expansion was
employed. The temperature dependence of the upper critical
field B.,(T) is given by

1—(T/T,)?
BeoT)= Bczo[m} :

The 6 dependence of the upper critical field is a consequence
of the material anisotropy, characterized by the paranigter
which is ~8. The angular dependence employed here is as
given by Tinkham for a film; the superconductor is consid-
ered to be a stack of thin superconducting layers. This angu-
lar dependence is also characteristic/Aaf( 6) and By(6).

The flux-flow resistivity results from the motion of normal
cores in the superconducting material, and the renormaliza-
tion is incorporated to prevent the surface resistaaoe the

dc resistivity in the superconducting state négy from ex-
ceeding the normal-state surface resistance, in accordance
with experiment. Without renormalization, the flux-flow and
phase-slip resistivities would each approagh The phase-

slip resistivity appears to be a direct consequence of the
granularity of the material, which may be an intrinsic feature
of the short coherence lengths of high-temperature supercon-
ductors and the spatial variation of essential hole doping.
Finally, including the angles between the current densidy

and the applied field, the surface resistance is

Rs(B,T,w,3,0,¢)= wue[ IM(\,)Sin?(¢)
+Im(\ g)cos()].

In the following, theflux-flow configuration(maximum Lor-
entz force has ¢=/2, and thephase-slip(zero Lorentz

and B,(T, ) is expressed as a product of a temperaturdorce) configuration hagb=0. The phase-slip contribution to

dependent factor, and an angular-dependent fator:

Beo(T, 0)
2 H 1/2
. F2B5,(T) _|CO$0)|+[CO§(0)I‘ ;4 Sirf(6)]
"2 SirA(0)

the resistivity has axial symmetry, and so is observed in both
configurations. Field induced changes in the surface resis-

tance are given by

AR(B,T,,0,¢)=Ry(B,T,w,J,0,)
—R(B=0T,0,J",6).
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The current density is a function of the field, through the 3ol T ]
resistivity, and soJ and J’' are in general different. The
current density can be expressed as a function of the complex o5k >01sC00.15CU0-y
penetration depths, and the rf magnetic field. Here we ap-
proximate the surface current densities by computing an av- _20F y
erage over one complex penetration depth. The results are £ {[{Smy s4Ceo 1sCUO,,
] . 0.6321 Brf Cé, 15F Sm1.83C60A17CUO4—y
7 ReNg) mo’ \;10:-
and for theg direction i
St
Je 0.6321 B¢
B Rq)\y)ﬂo O_I ! A PR P RPN |
. — S 1
Since the application of a field increases bethand\ 4, the 0 OTemf)Srofusrg (tho >0
current densities foB=0 are substantially higher than that
for either field-dependent configuration. The paramétgis FIG. 1. Resistivity as a function of temperature and two current
itself temperature-dependent, vanishing at the transition temevels, 100uA and 10 mA for four samples of varying composition.
perature. We take As the Ce content decreases, the data exhibit several features of

special interest(i) The resistivity increases systematicalliy) The
312 o i .
initial transition temperatureT,; increases(iii) The temperature
Jeo=Jeoo| 1 T_c . width of the plateau region between the two transitions decreases.
_ ) (iv) The resistivity indicates an increasing tendency toward “semi-

HereJ.q is a constant. Sincke, and\ g;~um, andB,;s may  conducting” behavior.
approach 10* T, the rf current density can easily approach
10° A/m?. This is a relevant detail, since the dc measure-

ments indicated substantial sensitivity to the current densityf’ire usually described as suggesting semiconducting behav-

Here, the current density was found self-consistentl ant']br’ we were not able to fit an exponential dependefide.
N Y . Y, addition, the initial transition temperatufig; increases, and
had impact on the computddl=0 surface resistance at low

temperatures. Measurements were carried out with atten['€ Width of the plateau region betwed; and Te; de-

ated microwave power. tvpicallv 20 db relative to a maxi-  CrEaSes: At the higher current level, the width of the lower
; P » typically : (bulk) transition, which has an onset &;, increases. The
mum available power of 120 mW, running at full power J

depressed the apparent transition temperature. tempgr%tqre?;g a;e Cﬁ.rlrEI?r;EEdt with th? m;gngtltzathn o(ljata
In order to treat the impact of the polycrystalline character]f)rg%' tﬁe rlgsisltgi]\}it Zivatlaedo ?10? ?oefé;:jer %eeteenrﬂm:enrgtures

of the samples, the surface resistance was computed for.la‘ obtained fro% thep(T) data, are co'rrelated V\ﬁth the

large number 1=500) of randomly selected angles=®@ & » ’

< /2 and was averaged. removing thelependence magnetization measurements carried out in an applied field
e ged, 9 b ' of 1 Oe, as illustrated in Fig. 2. Careful inspection of the data

10 reveals diamagnetism only at temperatures belQy the
Ry(B.T,0,) =~ Zl Ry(B,T,0,,6;,¢).

The results indicate that for small applied fields1-2 T, 30 0

the surface resistance tends to be dominated by those crys-

tallites with theirc axis approximately parallel to the applied 247 5
field (§=0). For temperatures nedr,, the maximum ap- s

plied field exceed8, for a large fraction of the crystallites, € 18p .
and those crystallites are driven normal. Yet, for those crys- RN
tallites oriented with the applied field approximately in the % 1ol E
a-b plane @~/2), the 7 T applied field is insufficient to : o
guench the superconductivity, and the surface resistance, =
while nearly at the normal limit, still exhibits a positive slope 61 s
(dRs/dB>0). Typical results incorporating this procedure h
are illustrated in Figs. 3 and 5. of, _g

0 10 20 30 40 50
RESULTS Temperature (K)

The samples studied here each revealed a double resistive |G, 2. Field-cooledFC) and zero-field-cooledZFC) magne-
transition, as illustrated in Fig. 1; the resistivity for four tzation and resistivity data for SmCey 1:Cu0, _, as a function of
samples of varying Ce content is provided, as a function ofemperature. The data show an onset temperatdi@magnetic
temperature and current excitation level. The data indicaténagnetizationat a temperature well below that of the the observed
that as the Ce content decreases, the resistivity increases syssistive onset. The second transition occurring gtis strongly
tematically. Although data such as these in the normal stateorrelated in the two measurements.
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FIG. 3. Surface resistancs at B=0 (right axig and field FIG. 4. Surface resistance f&=0 and 1 T with the field par-

induced changes in the surface resistance induced by application @flel and perpendicular to the rf current density, for the composition
B=1T, ARy(B,T)=Ry(B,T) ~Ry(B=0,T) (left axis) for two dif-  Sm, gCe,,4Cu0,_, . The data also indicate that the onset of super-
ferent field-current ~configurations, for the composition conductivity occurs at a temperature well abdlg. The results
Smy gCey15CUO, . The data forB=0 are accurately described with B=1T as a function of temperature also indicate a relatively
by the model,(solid lines while the data for the field induced small renormalized flux-flow contribution.
changes are less accurately described, particularly at low tempera- . ) ) o
tures. Nevertheless, the trends are reproduced, and the size of tRal position relative to Cu. Nonuniform distribution of these
signals is approximately correct. The pealdiRg(B,T) reflects the  interstitials would lead to granularity; the dopant leading to
feature that the differences betweRg(B=1T) andR,(B=0) are  superconductivity is the combination of a Ce with an adja-
largest nearbut below the transition temperature. If the axially Cent interstitial oxygen.
symmetric phase-slip contribution to the dissipation were smaller, [N this case x=0.18), the relatively large temperature
the peak would be much more pronounced, and nearer to the traflifference betweerT; and T¢; suggest that the supercon-
sition temperature. These results indicate that the dissipation igucting granules manifest a size distribution which has a
dominated by effects due to granularity. smaller average size than the samples with smaller Ce con-
centrations, a result that is consistent with the relative dopant
bulk transition temperature of the system. The lack of sig{evels. Of some interest is the behavior of the surface resis-
nificant diamagnetism in the temperature interig{<T  tance as compared to the dc resistivity. The resistivity data,
<T,; has been attributed to the presence of superconductifor temperatures greater than; exhibit a negative slope,
ity with an onset temperatur€; in small “islands” with  while the surface resistance data in the same temperature
typical dimensions of 6-300 A. range have a positive slope. We conclude that the traces of
In Fig. 3, the results both foRy(B=0) and AR{(B  superconductivity observed in the microwave measurements
=1T) for the flux-flow and phase-slip configurations arein this temperature range dominate the tendency toward
given, along with the fits to data as given by the model, forsemiconductive behavior.
the composition SaCe) 15CUO, . The parameters em- We carried the measurements of the surface resistance to
ployed were: B =2510%T, Bgo=1056T, By higher fields, for thex=0.15 sample. The temperature- and
=0.957 T, andA;=21.43 J/K. The data clearly show that field-dependent data are illustrated in Fig. 5. The feature of
the onset of field-induced dissipation occurs for temperaturethese data that we find most interesting occurs for tempera-
slightly lower thanT;, but higher tharT¢;. The transition, tures just belowT,. In this case, which is shown in an ex-
as seen in the surface resistance is quite broad, but is dpanded scale in Fig. 6, the data clearly show that the appli-
scribed quite accurately by the model in which the superconeation d a 7 T field is inadequate to drive the sample
ducting onset temperature is 27.5 K. The modelA((B ~ completely normal. This even though the temperatufe (
=1T) is less successful in describing the data, but does have 23.5 K) is several K below the onset temperature deter-
the correct trends and approximate size. The figure includesined from the fitting procedure, but is1 K higher than
an indication of the resistive onset as measured with lowthe onset temperature determined from dc resistivity mea-
density dc current. surements. We conclude from the fitting procedure that
Data for the largest Ce concentration studied,0.18, as  Bc2c=10.56 T. Using the fit value foBg,, gives —dBg,/dT
a function of temperature witB=0, and at an applied field ~0.38 T/K, which is very near the value of 0.43 T/K as
of B=1T parallel and perpendicular to the current densitydetermined by Aimasaet al® for crystalline Nd-Ce-Cu-O
are given in Fig. 4. Although this class of high-temperatureffom resistivity measurements. These authors also deter-
materials is generally considered to be electron mediated, mined that—dBZ; */d T=8.85 T/K. This would give an an-
was predictetP?® that this is actually @-type system. Sev- isotropy parameter’=20.6. Suzuki® studying a grain
eral recent experiments support this latter vidw2suggest-  aligned specimen, found-dBS,/dT~0.478 T/K. Weld®
ing that the normal-state properties are electron dominateaarried out resistivity measurements on a sister material
while the superconductivity arises from the pairing of holes.La; g5Sr, 1CuQy, determining the anisotropl’) to be ~12,
In the Blackstead-Dow model fqu-type doping of T’ ma-  larger than the data here support, while Almaneaal. find
terials, the critical dopant is an interstitial oxygen in the api-a much lower value for the anisotropy on Sm-Ce214.7.
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4 Sm; gsCepysCu0,
—20 db, 9.86GHz
B LlJ

100

80

3 4
B (T)

g T FIG. 6. Field induced changes in the surface resistance,
AR(B,T)=Ry(B,T)—R(B=0,T), for T=23.5K, and 24.03 K
FIG. 5. The surface resistan&g(B,T) as functions of the ap- and 30.5 with BB<7T. For T=24.0 K, the field appears to sup-
plied field and temperature for the sample compositionpress a small superconducting response, whileTfer23.5 K, the
Smy gsCe.15CUG, -y . Here the applied field was varied to a maxi- field induced change in the surface resistance does not saturate in
mum of ~6.5 T. The solid black lines are the results of the modelthe normal state, even f@&=7T. For T=23.0, superconductivity
calculations; the surface resistané®(B=0,T) and R(0<B s well established. It is evident that for the majority of the poly-
<7T, T=constant) are illustrated. The experimental dai8,500  crystalline sampleB,, has been exceeded, yet for those crystallites
data points are plotted by the gray-scale inserts. Except for highwith B approximately parallel to tha-b plane, the orientation for
fields and mid-range temperatures for which the the model calculayhich the maximum anisotropy is expressed, the surface resistance
tion over-estimates the experimental data, in general, the descrigras not been saturated.
tion of the experimental results is quite satisfactory. For tempera-

tures near the transition temperature, it appears in this presentatiiﬂe superconductive onset temperature. The data are well de-
that the surface resistance is saturated. Saturation would imply that . .
the applied field exceeded the temperature-deperiglgntand that scrlb(_ad by the extended Coffey-.CIem theory of temperatur'e
the sample has been driven into the normal state by the combine%lrId field-dependent surface reslstan_ce. The_supercondgctlng
impact of the applied field and current density. However, this is no®NSet temperature observed with this technique was higher
the case, see Fig. 6; even just below the appaFety ~1 K, 7T than coul_d pe _determmed from the conventional dc measure-
is inadequate to drive the sample completely normal. ment. This is in part due to the temperature dependence of
the normal-state resistivity, which has a small negative slope.
The data of Hidaka and Suzukheir Fig. 3 are not consis-  Previously®” it has been shown that multiphase samples of
tent with the small value foB¢,, reported by Almasan. In  Hg-Ba-Ca-Cu-O and Bi-Si-Ca-Cu-O exhibit distinct, easily
general, we expect that magnetization measurements woulgentified, temperature-dependent features, bothEer0,
yield more reliable determinations &, than would resis-  andB>0. No such behavior was observed for these samples.
tivity measurements. However, the Almansan magnetizatiofy is concluded that these samples consist of one phase. The
data exhibit nonlinearity below, . Blacksteact al™ point  microwave surface resistance experiments presented here un-
out that grain aligned samples of Y123 exhibited nonlineampiguously demonstrate that for these ;SpCeCuO,
temperature-dependent magnetizations, in contrast to thefamples, the superconducting onset is even higher than the
results on high quality single crystals. Resistivity data arg;nget temperature determined by dc resistivity measure-
complicated by dissipation through more than one mechas,anis even though there is no evidence for a macroscopic
nism, accordingly, it is not generally reliable to assume th:{[/lweissr}er effect at these temperatures. This result is consis-
flux flow alone gives rise to resistivity observed, near the ‘

oy ; tent with our experience with the microwave measurements,
transition temperature. Our model for the surface resistance P

includes two dissipation mechanisms; we expect to obtailevhICh are sensitive to very small V(_)Iume fractions of super-
more reliable values for the parameters, even though thgonductive material, as discussed in Ref. 21.
measurement procedures are more complicated. This results,
in part, because the microwave measurementsrareh less
sensitive to pinning issues, than are dc resistivity measure-
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