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We have studied the field and temperature dependence of the critical current de(Bify) for a flux-
grown NdBgCus0, single crystalNd123S@, melt-textured Nd-Ba-Cu-QOCMG-Nd-Ba-Cu-Q, and Y-Ba-
Cu-O (MPMG-Y-Ba-Cu-O bulks. In theJ.-T curves, an exponential-like behavior in a low-temperature
region could be explained in terms of the collective flux creep model, Wgil€ curves in a high-temperature
region could well be fitted to the Kim-Anderson creep model. For the scaling.-& curves, power-law
relation ofJ,xB?~ ! is observed for all the samples in a low-field region in that the expopéntoughly 3 for
OCMG-Nd-Ba-Cu-O and MPMG-Y-Ba-Cu-O, and 1 for NA3SC, corresponding to surface pinning and
point pinning, respectively. The surface pinning is ascribed to the presence of second-phase particles. In an
intermediate field region, the values become almost 2 for 183SC andDCMG-Nd-Ba-Cu-0O, showing that
Axk-point pinning is dominant, which presumably originates from the Nd-Ba substituted regions with depressed
T.. On the basis of oud.(B,T) analyses, we could classify ti T phase diagram into several regimes of
different dominant pinning mechanisnj§0163-18209)04502-4

[. INTRODUCTION twofold differentiated by its temperature dependence. When
the peak field is temperature independent, it is ascribed to the
High-pinning performance of LRE-Ba-Cu-@QLRE is  matching effect between the flux-line lattiCELL) spacing
light rare-earth elements of La, Nd, Sm, Eu, )Gd and the average defect spacing. For Bi-Sr-Ca-Cu-O, tem-
superconductors;,* which were melt processed in a reduced- perature independent peak effect has successfully been ex-
oxygen atmosphere, is closely related to the presence of seplained in terms of dimensional crossover from three-
ondary peak effect in thé.-B curves. The peak effect is also dimensional(3D) to 2D of FLL.X® In most cases for Y123
observed in the NdB&u;0, (Nd123 single crystals grown related materials, however, the peak field is temperature de-
by a traveling-solvent floatlng zone methaahd a self-flux  pendent, for which several pinning mechanisms have been
method® Unlike the Y-Ba-Cu-O, which forms only a sto- proposed, e.g., vortex-phase crossover and field-induced pin-
ichiometric YBgCu;O, (Y123) compound, the LRE-Ba- ning based on granular superconductivity.
Cu-O systems exhlblt a LRE,Ba_,CuO, type solid Krusin-Elbaumet all° interpreted the fishtail effect as a
solution! Egi et al® and Wu Tinget al® found that Nd123 change in magnetization relaxation due to the crossover from
single crystals contain small clusters 10—-50 nm in diametersingle vortex to collective pinning. In Ref. 10, a mirror im-
which have Nd content slightly higher than that of the Nd123age, in which a larger current density leads to a smaller creep
matrix and thus exhibit lowell.. Such localized Nd-rich rate, was presented as an experimental evidence for 3D col-
clusters are superconducting in low fields and will be drivenlective pinning, and the fishtail peak was ascribed to a
normal with increasing field, thereby act as field-inducedchange in the vortex-vortex interaction from a small to large
pinning centers. Thus, the presence of Nd-rich clusters hasundle.
been proposed to be the source of the secondary peak effect Daeumling, Seuntjens, and Larbalestleexplained the
in the Nd-Ba-Cu-O. Later, this idea was verified by Chiku-fishtail effect in terms of granular superconductivity. With
moto et al® with high-temperature annealing experiments inincreasing magnetic field, superconductivity in the oxygen
that the peak effect disappeared when compositional fluctuadeficient region with depresseli. is strongly suppressed,
tion in the matrix was annihilated by high-temperature an-which leads to an increase of the elementary pinning force,
nealing. and, therefore, the critical current density increases with
The secondary peak effect has also been observed field. Wenet al’® have shown that the fishtail effect cannot
Y123 single crystal$®~? melt-textured Y-Ba-Cu-O bulks be explained by the vortex-phase crossover referring their
with relatively small amounts of the,BaCuQ, (Y211) sec- experimental results, in which the fishtail effect is greatly
ond phas¥ and irradiated Y123 single crystafsThe peak enhanced by extra oxygen deficiencies. Kleiral,'? on the
effect is also termed “fishtail” and is often observed in vari- basis of the fact that the magnetization curves measured at
ous superconducting materials, although its origin is stilldifferent elapsed times could be scaled onto a single master
controversial. In general, the source of the peak effect isurve, also concluded that the fishtail effect is related to the
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TABLE |. Processing conditions and sample dimensions fol 2RISC, OCMG-Nd-Ba-Cu-O, and
MPMG-Y-Ba-Cu-O.

Sample Atmosphere Dimensiofism) T. (K)
Nd123SC 0.1%0O-Ar gas 0.80x0.80x0.30 93.2
OCMG-Nd-Ba-Cu-O 1%QAr gas 0.9 1.54x0.51 93.9
MPMG-Y-Ba-Cu-O Air 1.08<1.13x1.12 91.6

property of an elementary pinning center. They suggestethformative for further development of high performance
that the fishtail effect is due to the flux pinning caused by aLRE-Ba-Cu-O superconducting materials.

spatial fluctuation of the Ginzburg-Landau paraméterap- In the present studyl.(B,T) characteristics were studied
preciated as\« pinning in a low-field region and percola- for a Nd123 single crystal, melt-processed Nd-Ba-Cu-O, and
tion in a high-field region. Recently, Ert al'® found that  melt-processed Y-Ba-Cu-O bulk materials with different mi-
the fishtail peak was not observed in a pure Y123 singlecrostructural features. In order to clarify the effect of flux
crystal when it was grown in a BaZgCrucible and fully  creep on thel (B, T) properties, we also measured the time
oxygenated. They also showed that the fishtail peak appearefkcay of the magnetizatiavi (t) for a wide temperature and
when the sample was slightly deoxygenated. These resulfild range.

obviously support the fact that the fishtail effect is not intrin-  For analyzingl.(T) curves, we employed several theories
sic to the Y123 materials or the vortex phase but originatesncluding the Kim-Anderson modéf, vortex g|as§,3 and
from the defects or weak superconducting regions, which cagollective-pinning?*~%° Similarly, for the Jo(B) and F ,(B)

be sorted into two groups: local oxygen-deficient regions andurves, scaling parameters were determined by fitting the
weak-superconducting regions caused by chemical contamétata to the appropriate scaling relationship. With such data
nation either from raw materials or crucibles. As mentionedanalyses, we compared the flux-pinning characteristics for
previously, for the case of LRE-Ba-Cu-O materials, how-the present samples. Finally, we could successfully classify

ever, local weak-superconducting regions are the LRE riclthe B-T phase diagram into several regimes based on the
clusters caused by LRE-Ba substitution, which is supportediominant pinning mechanism.

by the fact that extra deoxygenation did not enhance but
rather smeared the peak effécEor some LRE-Ba-Cu-O

samples, it should be noted that oxygen-deficient regions or Il. EXPERIMENT
chemically contaminated regions are also present depending
on the processing conditions, which will complicalg B NdBaCu;O, single crystal (Nd23SC) was flux grown

properties such that a plateaulike broad peak or even muln a yttria-stabilized zirconigYSZ) crucible using the flux
tiple peaks are observed in some crystalk.is also impor-  composition of Nd:Ba:Ce 1:15:34 in flowing 0.1% @Ar.
tant to note that the optimum oxygen-annealing conditionsThe details of the crystal-growth conditions are described
are dependent on thevalue of LRE . ,Ba,_,Cu0O, solid elsewhere! As-grown crystals were oxygenated in flowing
solution. Thus, the function of LRE-rich clusters as pinningpure G by slowly cooling from 500 to 250 °C for 100 h.
centers is dependent on the oxygenation levels for both the We have also prepared Nd-Ba-Cu-O and Y-Ba-Cu-O with
matrix and the clusters, which should be born in mind wherthe melt-textured process. Bulk Nd-Ba-Cu-O sample was
we try to understand the pinning mechanism of LRE-Ba-grown by the oxygen-controlled melt-growtfOCMG)
Cu-O superconductors. method with the nominal composition of Nd:Ba:Cu

In the melt-processed LRE-Ba-Cu-O the second-phase-1.8:2.4:3.4, which corresponds to the molar ratio of
particles of LREBa&Cw,0;9 (LRE422 for La, Nd, or NdBaCu0,:1/2Nd;Ba,Cu,0,9=100:40. The melt-growth
LRE,BaCuQG (LRE211) for Sm, Eu, and Gd are also found process was performed in a 1%@r atmosphere. The
to act as effective pinning centers particularly in a low-fieldgrown samples were oxygenated at 300 °C for 100 h. Bulk
region*® which is analogous to the function of Y211 Y-Ba-Cu-O sample was melt processed by the MPMG
second-phase particles in the Y123 bulk materials melmethod® with the nominal composition of Y:Ba:Cu
grown with several methods like melt textured growth =1.8:2.4:3.4. The samples were melt grown in air and sub-
(MTG),'® quench and melt growttQMG),?° and melt pow- jected to oxygenation at 400 °C for 100 h.
der melt growth(MPMG).?! These materials frequently ex- Sample dimensions and the onsgt for these three
hibit a shoulder or a plateau in thk-B curves in a high- samples are listed in Table I. In the present study, full oxy-
temperature region and even a fishtail peak when the amougenation for each sample was aimed. Based on the previous
of Y211 second phase trapped in the Y123 is small. Therestudies on the relation between annealing temperature and
fore, in addition to Y211, local oxygen-deficient or other oxygen content for NdBEW,0;_ % and YB3Cu0;_4,%°
defect(impurity) regions in Y123 can act as pinning centers,we employed the temperatures of 300 and 400 °C for
showing that the kind of dominant pinning centers can varyODCMG-Nd-Ba-Cu-O and MPMG-Y-Ba-Cu-0O, respectively.
depending on the microstructure, temperature, and fielth contrast, for Nd23SC, which is more difficult to incor-
strength. Hence, it is important to compakg€B, T) charac- porate oxygen, higher temperatures at initial stage were em-
teristics among various systems with well-characterized miployed, followed by slow cooling from 500 to 250 °C. Com-
crostructures, which may allow us to identify dominant pin- pared with the previous results reported by Takital,*° T
ning mechanism in th8-T phase diagram, and will also be higher than 93 K for the Nti23SC andDCMG-Nd-Ba-Cu-O
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fine normal conducting particles. Powder x-ray diffraction
showed that these second phases were Nd422 for the
OCMG-Nd-Ba-Cu-G® and Y211 for the MPMG-Y-Ba-
Cu-0%

dc magnetization measurements were performed with a
quantum design MPMS superconducting quantum interfer-
ence device(SQUID) magnetometer. Data acquisition was
made using a scanning length of 4 cm in a persistent current
mode after waiting for 30 s at the target field. On$gidata
were determined from the magnetization curves measured
with a dc field of 10 Oe applied parallel to tkeaxis (HIlc).

M-H loops were measured with a maximum applied field of
7 T in a temperature range of 10 to 92 K.

The time decay of magnetizatiavi (t) was measured for
4000 s at various fields ranging fromd 5 T and tempera-
tures from 10 to 77 K. In order to ensure full flux penetra-
tion, a negative field of-5 T was applied prior to each decay
measurement. Onset time of the decay measurements was
definedt;,;= 140 s by taking account of the time required for
field stabilization in the equipment. This value @f; was
certified by the fact that the exponemtvalues in the relation
M~ #cIn't were almost identical for two different methods,
in which & was determined as to maximize the statistical
correlation constar®R? in the line fitting ofM “#xIn t, or as
a slope of 1%=In t (S normalized creep rateas performed
by Civaleet al3! J, values were determined from ti\é-H
loops using the extended Bean mddetith the following
relation:

J.=20AM/a/(1—a/3b), (1)

wherelJ, is in Alc?, AM is magnetization hysteresis during
increasing and decreasing field processes in emi/anda,
b (a<b) are cross-sectional sample-dimensions perpendicu-
lar to the field and in cm. When an external figélds applied
parallel to an infinite superconducting slab, vortices inside
FIG. 1. Optical micrographs under polarized light f@&  the sample is always parallel to the applied field, which al-
Nd123SC,(b) OCMG-Nd-Ba-Cu-O, andc) MPMG-Y-Ba-Cu-O.  |ows one to estimate the correktvalues using the extended
Nd123SC exhibits only twin structure. OCMG-Nd-Ba-Cu-O and Bean model. In practical cases, however, since the sample
MPMG-Y-Ba-Cu-O samples contain second-phase particles wittjimensions are finite, the effect of self magnetic induction
respective average diameters of approximately 10 apthl (B.) must be taken into consideration. Whidris small, the
o _ , vortices will be bent owing tB.333*In such a case, the
|nd|c|<|';1tesh thatx in the formula Ng.,B8_xCusO;—q is contribution ofJ., parallel to thec axis (J%) is not negligible
smaller than 0.05. compared to that of. parallel to theab plane Oﬁb), and,

Figure 1 shows optical micrographs under polarized Iightthus it is difficult to determine accurafg values based on

for the three samples. N@3SCexhibits only a twin struc- he extended Bean model. For simplicity, hereafter we regard
ture without other appreciable defects, however, scanninﬁq R PICIL, o reg
eBg as an applicability limit for thel, determination using

tunneling microscopft and transmission-electron micro- the extended Bean model. which has previously been em-
scopic observationsconfirmed the presence of Nd-rich ' P y

Nd; . Ba,_,Cu;0;_4 (Nd123ss) clusters about 10-50 nm pr:oy]?dldbthNaleethal. hSlnce Bs Is ][oughly eqw_valce;nt. to
in diameter. OCMG-Nd-Ba-Cu-O and MPMG-Y-Ba-cu-0 € field that reaches the center of a samflg,(in G) is
samples contain second-phase particles with respective aveal,pproxmated as

age diameters of approximately 10 angh. In the matrix

of OCMG-Nd-Ba-Cu-O, Nd-rich N#i23ssclusters are also Bs~Jca/2. v
presenf. In MPMG-Y-Ba-Cu-O fine Y211 inclusions are

dispersed in the Y123 matrix with fine twin structures. At higher fields, the vortices inside the sample tend to align
Therefore, microstructural features of three samples are chaparallel to the external field. In addition, magnetic induction
acterized as follows. All the samples contain twin planesB is almost identical to the external fiettidue to a relatively
Nd123SC hasNd-rich NdL23ssclusters. OCMG-Nd-Ba- small magnetization valueM compared with that ofB
Cu-0O has both Nd-rich NI 3ssclusters and large normal- (= uoH+ M), for which the extended Bean model is reason-
conducting particles. MPMG-Y-Ba-Cu-O contains relatively ably valid to assess corredt values.
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FIG. 2. Semilogarithmic plots ad.-B curves Hlic) in a tem- FIG. 3._ Semilogarithmic plots 08, vs T in a field range of
perature range of 10-92 K fc(a) Nd123SC,(b) OCMG-Nd-Ba- 0.5-6 T withHllc for (a) NdlZSSC,(b) QCMG-Nd-Ba—Cu-O, and
Cu-O, and(c) MPMG-Y-Ba-Cu-O. The self-field, is represented  (€) MPMG-Y-Ba-Cu-O. HereB; is again represented by a dotted
by a dotted line in the figure. Note that the field dependenck & line. For Nd.23SC andOCMG-Nd-Ba-Cu-O, the slope of the
different among these samples. NtB SCexhibits prominent fish- In_JC-T plot decreases with increasim) corresponding to the fish-
tail peaks in an intermediate-field range at temperatures above 7gil Peak effect. For MPMG-Y-Ba-Cu-O, however, the slope of the
K. MPMG-Y-Ba-Cu-O exhibits monotonous decreasedinwith N JeT plot is almost constant.
increasingB in all the temperature range. OCMG-Nd-Ba-Cu-O
shows a monotonous decreaseJinwith B at lower fields and a
fishtail peak at higher fields when temperature is above 70 K. tion of temperature for these samples. For all the samples,

below 0.5 TJ. decreases monotonously with increasing tem-

Ill. RESULTS AND DISCUSSION perature. The linear relation, which is observed in the plot of

A. J.(B,T) behaviors InJ; 'vsT qt temperatures below 70 K, shows an exponential
relationship of J.«cexp(—CT), where C is a temperature-

Figure 2 shows semilogarithmic plots &-B curves for  independent constant. Further increaseTito the irrevers-
three samples. As shown in Fig(al Nd123SCexhibits  ibility temperatureT;,, however, leads to a considerable de-
prominent fishtail peaks in an intermediate field range at higfpression ofl.. In contrast, above 1 T, each sample shows
temperatures above 70 K. In contrast, MPMG-Y-Ba-Cu-O inslightly differentJ.-T behavior. For the Nt23SCsample,
Fig. 2(c) exhibits a monotonous decreaselinwith increas-  the slope of the Id,-T plot becomes small with increasitgy
ing B in all the temperature range, which is quite differentdue to the fishtail effect in thd,-B curves. OCMG-Nd-Ba-
from the presence of prominent peaks in Y123 singlecy-O shows similad,-T behavior in that there is a cross-
crystals:®~**Both a decrease if, with B at lower fields and  over in theJ.-T curves, which is not observed in MPMG-

fishtail peaks at temperatures above 70 K are observed Nﬂ Ba-Cu-O exh|b|t|ng a monotonous decreaseJmth
OCMG-Nd-Ba-Cu-O, as shown in Fig(t®, although the increasingT.

peak effect is not so pronounced as to be compared with that

of Nd123SC. Here, it is interesting to notice that theB

behavior of OCMG-Nd-Ba-Cu-O shows combined character- B. Temperature dependence of;

istics of Nd123SC and MPMG-Y-Ba-Cu-O. A general expression of the volume pinning force
Figure 3 shows semilogarithmic replots &f as a func-  F,(B,T) is given in the form



1518 T. HIGUCHI, S. I. YOO, AND M. MURAKAMI PRB 59

Fo(B,T)=Fpo[1—(T/T)?]"b"(1—b)°. (3)  linearly with T in a low T region, wherel, is almost tem-
. . . perature independent, leading to a convex curvature in the
From the relation);=F,/B, one can obtain In J-T plot. However, a concave curvature is observed in the

JC(B,T):Jco[l—(T/Tc)z]m/By‘l(l—b)‘5, 7 experimental In).-T curves shown in Fig. 3.
whereJ., andF,, are independent d andT, m, y, and
are scaling parameteran(=m-—1y), and b is a reduced Thompsonet al3® adopted the following inverse power-
magnetic inductiorB/B,, (B,: upper critical field.®® The law form based on the vortex-gldds and the
temperature dependence df is then given byJ.(T) collective-pinning/collective-flux-creéf2° theories:
~Joo[1—(T/T)?™ . As discussed in our previous papér,

hovsce):[ver,(a sirﬂpzlle linear relationship coulgl not be ﬁ‘)ofnd on U()=(Uo/m)[(Jeo/I)*~11, ®
the plot of InJ, vs IN1—(T/T)?]. Although J. exhibited a  with the characteristic exponent. One advantage of this
monotonous decrease with increasing temperature, ea@xpression is that it contains almost all ti¢J) functions.
curve was not characterized by a single parameter but corFor example, the Kim-Anderson model is the case jfor
sisted of three different regimes depending on temperature= — 1. The relation ofU(J)=U, In(Jy/J) adopted by Zel-
low, intermediate, and higi regimes exhibiting a different dov et al*° or Maleyet al*!is also obtained fop.=0. Using

2. Collective creep

temperature dependence. this U(J) relation, a more general form fdg(T) is given by
As shown in Fig. 3, an exponential relation a§(T)
xexp(~CT) is observed at temperatures below 70 K, while Io(T)=Jeo/[ 1+ (uT/Ug)In(t/ter) 1V, C)

no such relation is established both in low- and high-
temperature regions. Feigel’'maet al?* theoretically pre-
dicted that an exponential relation i (T) would be ob- S(T)=—T/[Ug+ uT In(t/tegr)]. (10)

served in a collective pinning regime. Manuel, Aguillon, and ) . .
Senouss?’ concluded that an exponential temperature de-/ "€ €xponeniu is an important parameter to characterize

pendence o, is equivalent to a logarithmic dependence of both the_relaxat_ion and vortex dynamic;. Phenomenologi-
the pinning potential on the defect-vortex distance in thet@lly, #=—1 gives a straight line, whileu<-1 and
flux-creep model. Dorosinskiet al*® demonstrated that a #~ —1 give respective convex and concave curves in the
wide Gaussianlike distribution of pinning energies causes th8l0t of M vs Int. In the collective-pinning theor$/,*°three
exponential decay af, with increasingT in Y123 crystals. different pinning regimes of single-vortex pinning, small-

However, in our case, the treatment based on such exponefd large-flux bundles are characterizediby 1/7, 3/2, and

tial J.-T relation cannot cover the whole temperature range//9; respectively. , o

In a low-field and low-temperature region, underestimate of Figure 4 shows time decay of normalized magnetization
J. due to the self-field might cause discrepancy from thel @ temperature range of 10-77 K for these samples at an
exponential relation. It is also true that a simple exponentiafPPlied field of 4 T, which is believed to be sufficiently high
expression fails to describe an abrupt decreask iat tem- enough to neglect the self—_fleld effect even at 10 K. Here, the
peratures above 70 K, where thermal-activation energy i§/OP€ of theM-Int curve gives the normalized creep rae
large. Hereafter, quantitative analyses are performed to fit theccording — to the  equation S=—(d In J/dIn t)g
experimental data to various proposed models by considering (dM/dIn §)/Miy;. As a general trend for all the samples,

and thus

the flux-creep effect. the relaxation behavior can be summarized as follows. At
low temperatures, the slope is quite small and almost inde-
1. Kim-Anderson model pendent of temperature, although a large increase in the

slope is observed at temperatures above 60 K for MPMG-Y-

In the Kim-Anderson mode¥ on the assumption that an Ba-Cu-O and above 70 K for N&®3SC anddCMG-Nd-Ba-
apparent pinning potentiél is linearly reduced with increas- Cu-O

ing the current, U(J) has the form To enlighten the difference in the relaxation behavior

_ _ among these samples, we deduced the temperature depen-
U(J)=Uol1=Ieol, ®) dence of the normalized creep reeand the linear coeffi-
whereU, and J, are pinning potential and critical current cient x in the relationM ~#xIn(t). A least-square method
density in the absence of flux creep, respectively. Combiningvas used to obtain @ value according to the method by
Eq. (5) with the Arrhenius relation for the vortex hopping Civale et al®* and Thompsoret al*? in which the u value
leads to the well-known Kim-Anderson flux-creep relation was determined by varying hypothetical values to minimize
the quantity (+R?), whereR? is a statistical correlation
Je(T)=Jeol 1= (T/Ug)In(t/teg) ], (6)  constant and ideally unity for a perfect fitting. NeS,is
. _ . obtained from the slope of IM vs Int plot using the least-
gir:/oért]hgynormallzed creep refT) [=— (7 In Joln gl is square method. Thus, obtained temperature dependence of
andSis displayed in Fig. 5. For all the samples, it should be
S(T)=—T/[Ug—T In(t/tem)], ) not_ed th_at/u ranges_from _O to3ina Iow—temperature range,
while u is negative in a high-temperature regi@T curves
wheretgy is an effective attempt time. Equatidf) shows for all the samples show almost temperature-independent
that J. is greatly reduced due to the flux creep wHépis  values, ranging from 0.02 to 0.04 roughly up to 60 K for Nd
small andT is large. One can also see tlatshould decrease samples and to 50 K for Y samples. These results are con-



PRB 59 COMPARATIVE STUDY OF CRITICAL CURREN . .. 1519

7 @

Normalized M

Normalized M

0.6

Normalized M

0.4}

0.2

X oo 0d>DO
H
(=}
X

’ 7
0? 10° 10*
t(s)

FIG. 4. Time decay oM at temperatures from 10 to 77 K fca) FIG. 5. Temperature dependence pfand S at 4 T for (a)
Nd123SC,(b) OCMG-Nd-Ba-Cu-0O, andc) MPMG-Y-Ba-Cu-O. Nd123SC,(b) OCMG-Nd-Ba-Cu-0, andc) MPMG-Y-Ba-Cu-O.
The data 84 T were employed, since it is higher than the self-field gqr )1 the samples, respectiyeand Svalues are in the range of 0
even at a temperature as low as 10 K. Whealue is normalized by o 3 and 0.02 to 0.04 at lower temperatures. In contrast, a further
the initial M value for all the temperatures. At temperatures belowijcrease in temperature leads to a change in the sign dlues
50 K, the slope is small and almost independent of temperature. lgom positive to negative accompanied by an abrupt increase in
contrast, a considerable increase in the slope is observed at tefipese two regimes correspond to a collective creep regime at lower
peratures above 60 K. temperatures and a Kim-Anderson creep regime at higher tempera-

tures.

sistent with theS-T behavior in our previous papéfé*and

also supports the idea of the collective creep expressed in E%quation (11) is deduced from the relatiodg~H/\

(10), as pointed out by Malozemoff and F|sh‘.érFurther' where H, and A are the thermodynamical critical field

increase in temperature leads to an abrupt increas§, in (<[1—(TIT)?]) and the penetration depth
C

which can be explained in terms of the Kim-Anderson creep(m[l_(T/T )21~ Y2, respectively. In addition, for simplic-
[} ) . 1

These results, therefore, suggest the transition from a colle$t-y we use the same exponehto describeT dependence of
tive creep regime to a Kim-Anderson creep regime with iN-the potentialU,. First, Uy(0) and u In(tit.) were calcu-

creasing temperatures, which agrees well with the results f%ted with the least-square method for These values
a Y123 single crystal and a melt-processed Y-Ba-Cu-O bulk d EL0).

reported by Kpfer et al#0 were substituted into Eq(9) and then the least-square
We then determined fitting parameters in E).for these method was repeated to determigg(0), x, and Infftey)

. ) 1> values. For a high-temperature range, where the Kim-
3\’/‘;0;sgl;r:]nist'h';?"c’;vr;g%thsa?ps\:ﬁﬁiz n?ye-rrgt%rrnepfstml- Anderson creep is dominant, E¢6) and(7) were employed
c0 o vary P in place of Eqs(9) and(10). Thus, calculated.-T curves at

4 T are displayed with the experimental data in Fig. 6. The
Joo(T) =Jeo(0)[ 1~ (T/T)?1%2, (1D fitting parameters are listed in Table II. These values are not
in contradiction with the previously reported data in Ref. 39.
At temperatures approximately below 40 K, the concave cur-
vature is well expressed by the collective creep model, al-
Uo(T)=Uq(0)[1—(T/T)?1%2 (12)  though the true values fal,o(0) andUy(0) are not empiri-

and
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107 ¢ T T T T processed Y123 bulf therefore, this kind of transition in
@) j J.-T relation might be common to RE123 materials.

Collective pinning

10°¢
Kim-Anderson model
Ng 10° ¢ E C. Field dependence ofl,
%104i ] In the former section, we showed that the temperature

E dependence af. is well described by taking account of two
] flux-creep regimes, in which the Kim-Anderson creep is
E dominant in a highr region, while the collective creep pre-

| | ; , vails at lower temperatures. Here, it should be born in mind
that two parametert), and J., in Egs. (5)—(10) are also

3 field dependent, which will be treated in this section.

] In a low-field region, since a reduced fiddds negligibly

E small, the field dependence &f<B? 1 is expected from Eq.

] (4). Figure 7 shows logarithmic replots df vs B at high
temperatures above 77 K. It is clear that the relationghip
«B?"! is recognized in a lowB region 8<0.5T) for the
OCMG-Nd-Ba-Cu-O and MPMG-Y-Ba-Cu-O, where the ex-
ponenty was determined ay—1~—0.7 to —0.4. On the
contrary, the N@23SC exhibits y—1~—-0.1. For the
normal-surface pinningy—1=—3 has been deduced theo-
retically from a simple summation of individual pinning

Collective pinning

‘E 10° £ _ forces®® Therefore, it is probable that the high-pinning per-
$ F E formance of the OCMG-Nd-Ba-Cu-O and MPMG-Y-Ba-
=~ 10*k N Cu-0O in a lowB and highT region is closely related to the

= £

] dispersion of nonsuperconducting particles.
3 Figure 8 shows logarithmic plots df/J., as a function
3 of B/Byy at high temperatures above 60 K for Nd-Ba-Cu-O
samples B is the peak field and is the associated,
value. In the region oB/By>0.5, all the curves can be
T (K) superimposed onto a single curve. Sincedpd curves are
scaled using, as well asBy,, it is probable thaB has
FIG. 6. Fitting of J.-T behaviorsm 4 T with collective creep  temperature dependence similarBg, and that the pinning
and Kim-Anderson creep models f@ Nd123SC,(b) OCMG-Nd-  mechanism is dominated by a single type of pinning centers.
Ba-Cu-O, and(c) MPMG-Y-Ba-Cu-O. The fitting parameters are perkinset al*” demonstrated that a Tm123 single crystal ex-
listed in Table Il. Each sample shows a fairly good fitting with two Kipited this kind of scaling behavior ohzl‘]cpk VS B/Bpk (or
models for all the temperature range. AM/AM , vs B/B,,) plots and tried a semiphenomenologi-
cal analysis, in which the scaling was successful not only for
cally available. In contrast, at temperatures above 50 K, thaé wide temperature range but also for varied electric filds
is a Kim-Anderson regime, it is clear that the sample withof 1078 to 1077 V m~1. Although M-H curves were not
higherJ, (or Tj,) exhibits the larged 4(0) andUy(0) val- measured with varyinge for the present samples, our
ues. samples might also exhibit a fishtail behavior even in a
In conclusion, the temperature dependencdo€an to-  higherE. This also suggests that the fishtail effect in RE123
tally be explained by taking account of the flux creep com-is not due to a change in the flux-creep rate, which has been
bining both the Kim-Anderson and collective creep modelsargued by Schnackt al*® and by van Dalert al*° but to a
Similar treatment was successfully applied to the understandthange in the pinning mechanism, which is consistent with
ing of the flux creep in a Y123 single crystal and melt- the present results. In a lo& region, however, scaling on a

E Kim-Anderson model
4T °©

102 L 1 ! 1
0 20 40 60 80 100

TABLE Il. Fitting parameters folS(T) andJ.(T) at 4 T.

Collective or J.0(0) Uy(0)
Sample Kim-Anderson (MA/cm?) (K) m In(t/terr)
Collective 4.3 14 1.9 23
Nd12 .
d123SC Kim-Anderson 0.34 4.%10C° —1 (assumey 6.4
Collective 0.95 110 1.6 19
OCMG-Nd-Ba-Cu-O Kim-Anderson 0.17 42103 —1 (assume 7.8
Collective 0.96 98 1.7 29

MPMG-Y-Ba-Cu-O Kim-Anderson 0.11 3.x10° —1 (assumegd 4.2
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2k Vo,m ° .
T o B>By, the above-performed analysis based on the
10% bl — il e «B?~1 relation will only be adequate in a sufficiently low-
0.01 0.1 1 10

B(T) field region.
FIG. 7. Logarithmic plots ofl; vs B at temperatures from 77 to
88 K for (a) Nd123SC,(b) OCMG-Nd-Ba-Cu-0O, andc) MPMG-
Y-Ba-Cu-O. The relationshig,=B?! is recognized in a lowB . s .
region B<0.5T) for OCMG-Nd-Ba-Cu-O and MPMG-Y-Ba- peratures above 77 K fddlic. F, increases with increasing

Cu-O, wherey—1=—0.7 to —0.4. These values are close G, B ig a Iow-fie_ld regime,_where a pov_ver-law relatid_?b
which is the characteristics for normal surface pinning. On the otherOCB IS re(,:09mzed' In an |ntermed|a'Fe field ran_E%’eXhlp'
hand, the N@23SCexhibits y— 1~ —0.1. |t_s a maximumF . at B= B4 With further increasing
field above By, F, decreases and reaches zero Bat
) . ) o =Bj;. In addition, the coordinate at thE, maximum
smgl_e master curve was d|ff|(_:ult. This may_mdlcate that Bmax:Fp ma) 1S temperature dependent since bBh,, and
dominant pinning centers are different depending on the fiel » max decrease with increasing temperature. A comparison
range. _ of the F,-B relations among the present samples exhibits
Figure 9 shows time decay ®f at 70 K for the present two distinct features. One is the presence of a deflection
samples, in which th&/ value was normalized by the initial point in the increasing , regime for Nd. 23SC and>CMG-
M value. Here, we employed the data at 70 K, since we camd-Ba-Cu-O, which approximately corresponds to the mini-
neglect the effect of the self field even in 1 T. In a low-field mum in theJ.-B curves, whereas such a deflection is not
region, concave curves with small slopes are observed, indebserved for MPMG-Y-Ba-Cu-O. The exponenwalues of
cating that the collective pinning is dominant in this regimeF ,<B? changes from 0.9 to 1.5-1.7 and from 0.4-0.6 to
and a creep rate is considerably small. With increasing field).8—1.2 at the deflection point for the NA3SC and
concave curvature is enhanced in the vicinity of the peakDCMG-Nd-Ba-Cu-O, respectively. Another distinct feature
field and then it changes to almost a straight line, accompés the exponent value of Nd123SC in a low-field region, as
nied by a rapid increase in a creep rate. observed in the.-B behavior in Fig. 7. For Nd123SCy is
Figure 10 displays field dependence gofand S together  approximately 0.9, whiley values for OCMG-Nd-Ba-Cu-O
with normalized], values at 70 K. For NH23SC, in afield and MPMG-Y-Ba-Cu-O are in the range of 0.3-0.6. Such a
region of B<B where J. increases withB, Sis always large difference is attributable to the presence of normal
small andu is positive, whereas in a region B&>B, Sis  second-phase particles in OCMG-Nd-Ba-Cu-O and MPMG-
large with negativeu. These results also agree with thoseY-Ba-Cu-O.
demonstrated by Kafer et al* Since thel.-B behaviors are In high-temperature superconductors, normalized volume-
considered to reflect,, values forB<B and relaxation for  pinning force f, (=F,/F, .9 often scales withB/B,.

D. Field dependence of
Figure 11 shows logarithmic plots &f,-B curves at tem-
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b FIG. 9. Tig1e decay of normalized at 70 K for(a) Nd123SC, FIG. 10. Field dependence pf and S together with normalized

(b) OCMG-Nd-Ba-Cu-O, andc) MPMG-Y-Ba-Cu-Q. Here, a tem- J. values at 70 K for@) Nd123SC,(b) OCMG-Nd-Ba-Cu-O, and

perature of 70 K was selected, since the self-field effect can b?c) MPMG-Y-Ba-Cu-O. For Nd23SC, the increasing, regime

neglected even in relatively low fields. At 1 T, concave curves withfor B<B,, accompaniés smaBivalues énd positive: whcereas the
pi il

small slopes are observed. With increasing field, concave Curvatur&ecreasing] regime forB>B.,, is characterized by larg8 values
is enhanced in the vicinity of the peak field and then becomes, negativcw Pk

almost straight accompanied by a considerable increase in a creep
rate.

contrast, f, of MPMG-Y-Ba-Cu-O merges to zero di
However, it is quite difficult to determine correBf,, values ~3.5. For Nd123SC and OCMG-Nd-Ba-Cu-O as indicated
using the dc magnetization measurements. To avoid this iy arrows,by (=Bpi/Bmay), corresponding to the peak field
accuracy, the data were scaled usBI® ., (=b) instead of iy the J.-B curves, is located ai~0.7. For further evalua-
B/Bi . Figure 12 shows thus obtained plots fiof vs b at o of the field dependence &, , the scaling parametens

temperatures above 77 K. All tig(b) curves for NA23SC ;4 5 in Fo=F, (BB (1—B/B,...)° were calculated

and OCMG-Nd-Ba-Cu-O can be scaled on a single-mastef, , yq experimental data. The obtained scaling parameters

curve, suggesting that the dominant pinning mechanism iSre listed in Table Il Although NH23SC anddCMG-Nd-

unchanged in this temperature range. In contrastf tlie) . N _
curves at 86 and 88 K exhibit a slight deviation from the Ba-Cu-O exhibity~1-3 andg~2-5, MPMG-Y-Ba-Cu-O

master curve in MPMG-Y-Ba-Cu-O, indicating that a differ- possessey~0.6-0.8 andj~2-4. It should also b_e noted
ent type of pinning centers may become dominant at temthat Nl 23SC andOCMG-Nd-Ba-Cu-O show a slight de-
peratures close t@,. In addition, the success in scaling at ¢"€@S€ iny and  with increasing temperature from 77 to 90
higher field indicates tha,,, exhibits an identical tempera- K, Which is partly ascribed to the peak broadening in the
ture dependence with that Bf,, and thaB,,,,can be used as fp-P curves. _ o . .

a scaling field instead dB;;, . To interpret a large difference im in a low-field region,

For Nd123SC an@®CMG-Nd-Ba-Cu-Of ,-b curves are  We first consider the surface pinning by nonsuperconducting
almost symmetrical sincé, merges to zero ah~2.5. The particles, whose average diameter is larger than the coher-
symmetricalf ,-b curves are considered as a common featurénce lengtht. Based on the direct summation of elementary
in Nd samples since it has been observed in other Nd12Binning forces, Matsushita has deduced the pinning-force
single crystals and melt-processed Nd-Ba-Cu-O btfRSIn density in a creep-free casg () as
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FIG. 11. Logarithmic plots of , vs B at high temperatures of FIG. 12. Plots off, vs B/Ba, (=b) at temperatures of 77-88
77-88 K for (@ Nd123SC, () OCMG-Nd-Ba-Cu-O, andc) K for (& Nd123SC,(b) OCMG-Nd-Ba-Cu-O, andc) MPMG-Y-
MPMG-Y-Ba-Cu-O. A power law relatiof ,»B” is recognized in ~ Ba-Cu-O. For Nd23SC andDCMG-Nd-Ba-Cu-O, as indicated by
a low-field regime. The exponent values changes from 0.9 to &MOWs, by (=Bp/Bmay), corresponding to the peak field in the
1.5-1.7 and from 0.4-0.6 to 0.8—1.2 at the deflection point for)c~B curves, is located at arourir=0.7. The scaling parametets
Nd123SC and OCMG-Nd-Ba-Cu-O, respectively. For MPMG-Y- and 8 in Fy=Fp 1a(B/B1a)"(1-B/Bra)” are listed in Table IIl.
Ba-Cu-O in which the deflection point is absepties in the range
from 0.3 to0 0.5. y=1. Dew-Hughe%2 has also deduceB ,(B) for the nor-

mal point pinning, which corresponds to the caseyefl

Fpo= mBIND2/(4ueas) (1-B/Byp)?, (13  and has the form:

whereB, is the thermodynamic critical fieldN the density of Fp0=VfB§2(B/Bc2)(1— B/B¢y)?/(256max?), (14)
nonsuperconducting particlel, their mean sizea; the flux- . .

line lattice spacing, and the coherence length along the V\{herevf IS the \(olume fraction of the §uperconductarthe
direction of the flowing current. Thus, obtained expression irci2€ Of the pinning centers, andthe Ginzburg-Landau pa-
Eq. (13) is a special case of the general expression(Bg, ameter. Wen and Zhiﬁhaye also obtained a similar ex-
where m=3/2, y=1/2, and6=2, sinceBy(T)*Bgy(T), & pressmné in which Fpo is _proportlonal to B/B;,(1
OCB(721/2, B,*1—(T/TJ)2 and a;<B~Y2 Experimentally —B/Bm)_, and reaches_a maximum BtBi,r=O.33,_on the
obtainedy values for OCMG-Nd-Ba-Cu-O and MPMG-Y- assumption that most pinning centers are small-sized normal

P _1 : cores. Thus, the value of~0.9 suggests that normal point-
Ba-Cu-O are nearly equal tp=7, supporting the fact that ning centers are mainly active in Nd123SC at low fields.

. S . S in
the dominant pinning for these systems is core pinning b)P Next, we treatf ,-b behavior in an intermediate-field re-
! p

123/211(or 422 interfaces. . X . -
In contrast, Nd 23 SCexhibits the highety values of ap- gion. According to Kleinet al,™ based onA« pinning;”
' f,(b) has the form:

proximately 0.9, which clearly shows that the dominant pin-
ning centers are different and will be microscopic features f (b)=3b%(1—2b/3) (15)
such as cation or oxygen defects, and twin planes. In a low- P '

field regime, if the spacing of pinning centers is smaller tharwhereb=B/B,,. In the Ak pinning, since a difference in
as, every vortex can interact with a pinning center. In thisthe condensation energy between high and lewegions
case,F is proportional to 142, resulting in Fpo*B with  leads to pinningF o has the form:
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TABLE lIl. Scaling parametery andéin F,=F, madB/Bmax) "(1—B/Brman’.

Nd123SC OCMG-Nd-Ba-Cu-O MPMG-Y-Ba-Cu-O

Temperature

(K) 2 ) 2 o Y o

77 2.83:0.08 4.93-0.38 2.38:0.10 3.98-0.46 0.710.05 2.36:0.40

80 2.83:0.07 4.62-0.31 2.37#0.12 3.76:0.51 0.82:0.05 2.59-0.45

82 2.90-0.06 4.75-0.28 2.18:0.14 3.3G:0.54 0.76:0.05 2.33:0.36

84 2.75-0.08 4.270.34 2.15-0.12 3.22-0.47 0.67-0.04 2.12-0.27

86 2.74+0.09 4.55-0.44 2.02:0.13 2.96:-0.50 0.62-0.05 2.43-0.48

88 2.51+0.07 4.08-0.36 1.75-0.16 2.28-0.48 0.68-0.04 3.97:0.91

90 2.270.01 3.86:0.50 1.34-0.14 2.03:0.41
Fpo=V(BZ(B/Bc2)%(1—B/Bg,) Ax/(64uoax®). (16) In a low-field region, Nd23SCexhibits the relatiorF,,

o ] ) «B, indicating that the normal point pinning is dominant,
This field dependence clearly shows tlrgy, increases with  \yhile OCMG-Nd-Ba-Cu-O and MPMG-Y-Ba-Cu-O exhibit

. 2 . . . . .
blln th_e form of Fgo“b in an mtermed;ate-ﬂeld regime. the relationF o B2 indicating that normal surface pinning
H|(ﬁrge.|st and Hergt deduced the valug= 7 on the basis of s qominant, which is attributable to the presence of rela-
co'ect|ve pinning by rgr!dom'PO'”‘ pIns. However,' astively large normal inclusions of Nd422 or Y211 as proposed
pointed out by Kleiret al,*“ in this interpretation the scaling by Murakami et al®” For Nd123SC, microscopic features

holds only 0By, and, therefore, dpviatio_n from the sgaled uch as cation or oxygen defects, and twin planes are be-
master curve may take place at higher fields, which in facF ’

. ; : ieved to be the sources of normal point pinning. In contrast,
has already been observed in Y123 single crystals with th L X . :
peak effect as reported by Hyet al>® It is probable that the the pinning by twin planes at low fields in OCMG-Nd-Ba-

flux creep is responsible for such a deviation, since the exCt"© and MPMG-Y-Ba-Cu-O will be negligibly small due
perimental data are not normalized By, . It is also prob- to the presence pf more effective pinning centers like Nd422
able that, as pointed out by Perkiesal*’ and Kleinet al,}2 ~ and Y211 inclusions. . o _

J; (and automaticallyF ;) is dependent on the electrical field 1N @ high-temperature and intermediate-field regio,

E and, therefore, the scaling 8f-B curves is als& depen-  Point pinning Ey<B%) is dominant for Nd123SC and
dent. OCMG-Nd-Ba-Cu-O, while normal surface pinning={

It is interesting to note that unlike Y123 single crystals <B*?) remains dominant for MPMG-Y-Ba-Cu-O. It has
the f-b curves of the N#23SC andODCMG-Nd-Ba-Cu-O been pointed out that oxygen-deficient regions with de-
samples can be scaled on the same master curve in a high@ressedT; cause the fishtail effect iM-H loops In gen-
field region B>B,,,0). Therefore, it is probable that these eral, the presence of a small region that has condensation
two samples have an identical pinning mechanism originatenergy slightly smaller than that of the matrix is responsible
ing from the Nd123 matrix itself for this field range, al- for field-induced pinning and thus the fishtail effect. Hyun
though in a low-field region normal-surface pinning is domi- et al>® proposed that a slight Mg contamination on the Y site

nant in OCMG-Nd-Ba-Cu-O. was responsible for the fishtail effect based on the fact that
~ On the other hand,;-b data for MPMG-Y-Ba-Cu-O var-  the full oxygenation did not eliminate the fishtail peak in the
ies as Y123 single crystals grown in a MgO crucible. In addition to

the fact that prolonged oxygenation did not eliminate the

_ 2 ) fishtail peak! a good fitting with theA k point-pinning model
fo(b)=(25/1§b™(1-b/5)", 17 in the intermediate-field region supports our idea that field-
induced pinning by Nd-Ba substituted regions causes the

whereb=B/B,,.,. This expression is identical to the previ- fishtail effect in Nd-Ba-Cu-O. Another possible origin of the
ously suggested equatidie (B/B; )¥(1-B/B,,)2,% and fishtail effect is Y substitution on Nd sites from the YSZ
Irr. rr ’

also has a form similar to that proposed by Krafifein crucible during the crystal growth. However, electron-probe

which the flux motion is dominated by synchronous shear ofnicroanalyses revealed that Y contamination is very small in

the FLL at lower fields and by plastic deformation of FLL at the present Nd123 crystal so that the effect of Y contamina-
tion can be discarded as the source of the fishtail effect.

higher fields, althougtB is normalized byB., instead of _
B, . In a low-temperature region, the temperature dependence

of J¢ (or F,) could well be explained in terms of the collec-
. . o tive flux-creep model, although it was difficult to study the
E. Comparison of flux-pinning mechanism in RE123 scaling behavior of ,-b curves in a full-scale range, since
(RE=Y,Nd) systems the irreversibility fields were much higher than the maximum
It is evident that a single expression of either E4s3), field available in a SQUID magnetometer. It is interesting to
(14), or (16) will not cover the field and temperature depen- note that at low temperatures the temperature dependences of
dences ofl; andF in the whole(B,T) range, however, the thermodynamic parameters such as the critical field and the
pinning performance of the present samples can be characeherence length seem to prevail the T behavior rather
terized by severalB,T) regions. than the pinning performance.
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T Consequently, the pinning characteristics with increasing
ILby 1, fields at constant temperatures are summarized as follows:
“ normal-point pinningAx point pinning—KA creep for
| Nd123SC, normal-surface pinning-KA creep for MPMG-Y-
Ba-Cu-O, and normal-surface  pinnind#«  point
pinning—KA creep for OCMG-Nd-Ba-Cu-O. The transition
from single-vortex to collective pinning has been proposed
in Ref. 10, in which theH-T phase diagram is subsectioned
into two regimes: a single-vortex pinning regime below the
temperaturel, and a collective-pinning regime abovg, .
(b) In the present paper, however, the presence of the transition
o 5=005| ¥ from single-vortex to collective pinning was not so evident,
6H + u>0 \ W= 7 since the values od., S and u in the low-field and tem-
perature regime could not be defined owing to the self-field
effect or the experimental limits in thé-H measurements.
For thorough understanding of the pinning performance in
the RE123 system, anisotropic pinning behavior by the twin
7 planes should be taken into consideration. For example, in a
recent study ol -B properties of Nd123 single crystals and
melt-textured samples with high-irreversibility fieltfs,a
strong angular dependence of the peak effect suggests the
significance of pinning by twin planes. Also in our Nd123
single crystals, some other samples exhibit an anomalous
peak appearance in an intermediate temperature rdnge,

B(M

> 0 -> collective creep
y=2

-> Ax point pin
2l \ 1
i >0 ->collective creep|
y=1 -> normal point pin R

T\

B(M
e
| ——\

2+ §

1 > 0 -> collective creep
= 1/2 -> normal surface pin

E 4l which is sensitive to the angle between the flux and dhe
m .
\ axis.
g
2L B
A
i > 0 -> collective creep
Ty~ ™~
00 20 20 IV. CONCLUSIONS
T{(K) We have performed a comparative study of flux-pinning

. , behaviors among the Nd123SC, OCMG-Nd-Ba-Cu-O and
FIG. 13.B-T phase diagrams with a contour map of consthnt
curves and the boundary lines gf~0 and S=0.05 for (a) MPMG-Y-Ba-Cu-O samples. Basec_j on temperature depen-
Nd123SC, (b) OCMG-Nd-Ba-Cu-O, andc) MPMG-Y-Ba-Cu-O. dence o.fJC, My an.d.S an exponentlal—hsz-}]C behaworl ac-
The lines foru~0 were determined as a boundary at which thecorr]pan'e‘_j by positive. and temperature-mdependé?m a
sign of 1 value changes from positive to negative. The linesSor 10W T region for all the samples was described using the

=0.05 correspond to a threshold above which a rapid increase in collective flux-creep model. In a highregion, a decrease in
is observed. J., negativeu and increase iswith T could be explained in

terms of the Kim-Anderson creep model. As for the field
dependence, the exponent in a power relation ofJ,
. . . «B* ! or F,«B” in a low-field regime, where positive
- P '

Figure 13 shows3-T phase diagrams together with the and smallerS were observed, changed from 0.9 to 1.5-1.7
contour of constand, curves. As a reference, &, values  5n4 from 0.4-0.6 to 0.8-1.2 at the deflection point for

determined from the onset of the third-harmonic response 'Nd123SC andOCMG-Nd-Ba-Cu-O, respectively. The

to ac field, which were reported for the present samples iRgi e for MPMG-Y-Ba-Cu-O ranged from 0.3 to 0.6 without
our previous papet; are plotted together. In addition, the the deflection point. These results allow us to assign the
boundary lines corresponding ta~0 and S=0.05 are  dominant pinning mechanism to sevetBIT) regimes. First,
drawn in the figure. The lines fou~0 correspond to the the peak behavior, which is observed in a higgand highT
crossover point ofu values from positive to negative and region for Nd123SC and OCMG-Nd-Ba-Cu-0O, is ascribed to
thus a transition from collective to Kim-AndersofiKA)  the Ax point pinning. Second, in a lo® and highT region
creep regimes. The lines f&=0.05 correspond to the point for OCMG-Nd-Ba-Cu-O and MPMG-Y-Ba-Cu-O, in which
at which a rapid increase i@is observed. For Nd-Ba-Cu-O a monotonous decrease Jg with increasingB is observed,
samples, the lines fd8=0.05 approximately lie on the peak the normal surface pinning by the Nd422 or Y211 inclusions
position. For MPMG-Y-Ba-Cu-O without the fishtail behav- is dominant. In contrast, for NdR3SC, the normal point
ior, both the lines foru~0 andS=0.05 are located at rela- pinning seems dominant in a loBrand highT region, where
tively lower fields and temperatures. It is also interesting toJ. is almostB independent. In a lowW region, although the
note that the lines foB=0.05 andu~0 were closely posi- field dependence af; could not be measured in a full range
tioned to each other for all the samples, indicating that thelue to the experimental limits in thé-H measurements, the
transition from collective to KA creep is accompanied by antemperature dependenceXfcould be described in terms of
abrupt increase i1%. the collective flux creep.
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