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We perform a systematic study of the time evolution of the transport critical current in polycrystalline
samples of the high temperature superconducting system (Rg)Ba,CaCu;0g, s and YBaCuO,_ 5 after
application and removal of an external magnetic fidlg. Within our time, temperature, and remanent field
windows, the transport critical current increases logarithmically in time. The relaxation rates in the range
80-115 K decrease with increasing temperature at a fixgd while temperature-dependent maxima are
observed in the relaxation rate verddg, plots. These experimental results are reproduced by a phenomeno-
logical model applicable to any high; polycrystals. In the model, the time increase of the transport current is
determined by the effective field at the intergrain junctions, which relaxes in time due to the flux creep of the
intragrain magnetizatioS0163-18209)00729-9

I. INTRODUCTION Zhukov et al. in 1992 (Ref. 10 and by Rieset al. in 1994
(Ref. 11 on the relaxation at fixed temperatures and very
Since the discovery of higli; superconductors,their  limited magnetic field histories of YBCO polycrystals and of
relatively high rates of flux creep immediately captured theBSCCO-Ag tapes, respectively.
attention of researchers. In fact, the term “giant flux creep” In this paper, we studthe time evolution of the transport
was rapidly popularized after Yeshurun and Malozemoff'scritical current of (Hg;_,Re)BaCaCu;Og,s and
1988 pioneering papérUp to date, a vast majority of ex- YBa,CusO;_ 5 polycrystals submitted to a variety of mag-
perimental work in the subject has focused on YBCO pow-netic field histories and temperatures both experimentally
ders, polycrystals, crystals, and filfh) contrast with other  and with the help of a phenomenological model which as-
materials with higher critical temperature such as BSCCQumes an interpolation formula from collective creep
(Ref. 4 and TBCCO(Ref. 5. The HgBCCO system remains  theory? for the relaxation of the diamagnetic critical currents
as the least studied highs superconductor from the point of of the grains. Our measurements are performed using a Pl
view of thermally activated relaxatich. _ controller which allows us to measure thousands of values of
Although most of the experimental and theoretical effortsihe transport critical current per hour. Within our time, tem-
on the subject have concentrated on the study of the relaxseraqre, and trapped field windows all the relaxations are
ation of themagnetizatiorof high-T. crystals, polycrystals, neany jogarithmic, while the temperature and trapped field

ﬁjrt]i?) :]'Ir(;]fs(’)tfrl]lg; ?;222&]‘;%??;3” :}E?jégﬂgfengfeﬁieaf'mggi/g afependences of the relaxation rates are consistent with the
9 P P sults of our phenomenological model.

importance, such as the voltage associated with a constanet
transport current measured on a sample after the application
of some magnetic field historyy® This can be interpreted, at
least in the case of polycrystals, as a consequence of the flux
creep of grains magnetization which, in turn, affects the ef-
fective magnetic field at the intergranular weak links, thus For the obtainment of HBCCO polycrystals, high-purity
influencing the transport properties of the sample. EverBaCG;,CaCQ, CuO, ReQ, and HgO powders were
when these kind of experiments bring a unique local perspeoveighted to  obtain  the nominal  composition
tive of the relaxation of the grains into a polycrystal, un- (Hg;_4Re)BaCa&Cu;Og, 5. The first four components
reachable from conventional magnetometric measurementajere homogenized and heated at 850 °C for 12h in oxygen
they have not covered a range of temperatures. Closely cofflow. After pelletization at 1 GPa, the pellets were calcined
nected to these measurements are the brief reports hwice at 930°C for 15 h in oxygen flow, with crushing be-

II. EXPERIMENT
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tween heat treatments. Then, they were submitted to 930 °&s imposed by the lack of shielding for Earth’s magnetic
for 12 h in a flow of 20% oxygen and 80% argon. After this, field. Then, the transport critical current is measured every
HgO was added to the crushed pellets, and the mixture pesecond during 1 h, resulting inla(H,,, T,t) versust curve.
letized at 1 GPa in vacuum. The resulting compacts werd he process is repeated for different valuedigf andT.
introduced into a gold foil and then into a 8-mme-inner-diam

quartz tube along with a ceramic material in order to obtain

a filling factor of 1.1 g/cm.**'*#The quartz tube was sealed IIl. PHENOMENOLOGICAL MODEL

at 102 Torr and introduced into an isostatic pressure fur- : : L
nace with 40 bars of argon. The temperature was raised t A well accepted model to estimate the increasing-field
700°C at 300°C/h, and then to 850°C at 120°C/h. The.ependence of the transport critical current of a polycrystal-

latter temperature was maintained for 15 h, and the sampllgqe h'g.h:l.—c super7conductor was early proposgd by Peterson
cooled to room temperature at 120 °C/h. and Ekin in 19887 It assumes that the intergrain weak links

For the obtention of the YBCO polycrystals, the standardOf the materigl can be_ regarded as a parallel network of
ceramic procedure was us&dHigh-purity BaCQ, CuO, superconducting-insulating-superconducti8gS) Josephson

and Y,0; powders were weighted to obtain the nominaljunCtionS with a statistical distribution of junctions widths
23

3 . . . submitted to the applied field. In 1993, Altshukeral® and
composition YBaCuzO,_ 5 and mixed. Successive calcina- |, ' ; i
tions were applied in air at 900, 920, and 940°C for 16 hMuIIer and lvlla.tthew%g further.extended the modg[, introduc

ing the possibility of calculating the transport critical current

each, with crushing between treatments. After a final 2-h t a given field afteany maanetic field historv. The essence
milling, the powders were pressed at 0.3G Pa. The resultin g eanymagt ) ory. X
) . R . of their approach is to consider the junctions embedded into
pellets were sintered at 950 °C for 16 h in air with heating ! e ; "
. R . an effective magnetic fieltH .¢; resulting from the “compe-
and cooling rates of 1 °C/min. L ) , .
; tition” between the external field and the field associated
From both kinds of samples, ¥®.7X0.7 mn? bars . o . -
were cut from the pellets. to which four contacts were at with the magnetization of the superconducting grains. The
o petiets, grains are supposed to follow Bean'’s critical state nddel
tached with silver paint in the standard four-probe arranges: ) o . o ”
conveniently modified to take into account their first critical
ment. The two voltage contacts were 3 mm apart. field H The resulting critical current is a function of the
The critical current measurements were performed with a clg- 9

special PI pulsed-current setEFpA sequence of alternate nggnggrgiggglt'ﬁg ];f;d*n”éiiéhsetlng%irastxré”r:gs(léhgr:'gf
current pulses wittoN/OFF periods of 0.13 and 2.7 ms, re- b 9 PP ¢

spectively, is injected into the sample through the outer con\-Nmten as

tacts, and a PI system dynamically adjusts the height of the

pulses in order to keep a constant dissipation oft¥ be- lc(Hm, T, H)=1¢(T)

tween the inner contactshe voltage is sampled only at the

horizontal current plateau at the top of eaoN period. [ mHeg(Hp, T 1)

Then, the critical current at any applied field, temperature, or Ho(T) ) Ho
time is measured just by reading the corresponding bias cur- X 7Ho(Ho To1) if Hers PX
rent. In all cases, the temperature was controlled within ( eff m» )

+0.01 K, and the magnetic field was applied using a copper Ho(T)

solenoid within=0.3 Oe. Three types of measurements were 1)
performed using this setup, in order of complexity.

(@) Transport critical current versus temperaturdhe Ho(T) Ho
critical current is measured at zero applied field while the Ic(Hm,T,t)zlc(T)m if Heff>7,
temperature is decreased from 130 to 80 K at a rate of et Fims 1 @)
2 K/min.

(b) Transport flux trappingAfter erasing any previous whereHj is the effective field value at which the first mini-
magnetic history of the sample by increasing the temperaturglum appears in the critical current versus field “Fraun-
to 1.3 T, at zero field, the temperature is stabilized to thehofer” pattern of an average Josephson junction of the
measurement value, and the magnetic field is increased atraaterial? 1 (T) is the temperature-dependent transport criti-
rate of 20 Oe/s to a valukl,, and then suppressed at the

same rate. Then, the critical current was measured. Special He
care was taken to guarantee a true zero-field codlieC)
of the sample, within the limits imposed by the lack of HeY
shielding for Earth’s magnetic field. The process is repeated e
for different values ofH,, resulting in al.,(H.,T,t
~10 s) versus$i,, curve®® Her
a b c d

(c) Transport critical current relaxation After erasing
any previous magnetic history of the sample by increasing
the temperature to 113 at zero field, the temperature is  FIG. 1. Field profiles associated with a grain when the applied
stabilized to the measurement value, and the magnetic fielgeld reached,, (thin lines and when it is decreased to zefmwld
is increased at a rate of 20 Oe/s to a valig and then lines). Four cases are represented as folloves:HE '<H14(T),
suppressed at the same rate. Special care was taken to gug)- Hclg(T)<Hem”<Hclg(T)+Hg(T), (©)  Heyg(T)+HZ(T)

antee a true zero-field cooling of the sample, within the Iim-<Hem”<Hclg(T)+2H;(T), and(d) Hclg(T)+2H3(T)<Hﬁff.
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cal current at zero field, and.¢; is the effective intergranu- G 51 5,
lar field (described by different expressions, each one correHef(Hpy, T,1) = EHS(T)[ 51(5— 1) - 52(3—1) }
sponding to a different magnetic field history of the sample

We have introduced the time dependence into the expres- G

sions through the time decay of the grains full penetration + E[ H;(T,t)
field, under the assumption that only the “outer” profiles of

P S
27T

the grain magnetization as described by the critical state H2.(H,. T)
model contribute to the decay bf,;;. Below we present the 4B m (4)
four cases which are relevant to our experimental results ZH;(T)
(note thatHe" represents the average maximum effective, hare
field at the junctions
(@ If HE/"<H.14(T) [Fig. @], then . Hgi(Hpy,T) ©
' 2H(T)
Hetf(Hpm, T,1)=0. (€©)) Hg(Hp,T)
L (6)
Hg (T)
(0) If Heqg(T)<HE '<Heaq(T) +HE (T) [Fig. 4b)], then  and
|
1-G 1-G . 1% _Hm 5
Hei(Hm T) == =g —H5(T)+ /| Hag(T) = =5 —H5 () +2- 5 Hy (T) —HEy(T). 7

(©) If Heqg(T)+HE(T)<HE'<H1q(T)+2H3 (T) [Fig.  modef*?for explaining a number of features of flux creep
1(c)], then in high-T. superconductors, we used the following expres-
sion based in the so-callédterpolation formula?

S %3 x
Heff(Hm!Tvt)zm Hg(T)63 ?_1 +Hg(T1t)

H (T,t)=HZ(0)

1+ kBTI (t)]_lm (12)
1 mg-Inl - '
_+53 UO T

X132

53
Tl)

+HBZ(HmrT)53]!

(8) where Hg(O) is the average full penetration field of the
grains at the initial instant anti=0, kg is Boltzmann’s con-
stant,U, is the pinning energy of the grains,is a charac-

Hea(Hm, T) teristic time of the order of 10° s (see, for example, Ref)3
- (99  andu ranges froms to 7, depending on the dimensionality
of the pinning and creep regimé&s?We have dismissed the
1 possibility of flux creep effects on other parameters such as
Hea(Hm T)=Hp+ G Heag(T) + 5H3<T>] ~Heig(T).  Haag, for example. _
The combination of formula$l) and (2) with (3)—(12)
(10 gives us the temporal dependence of the critical current den-
(d) If Hclg(T)+2H§(T)<Hﬁff [Fig. 1(d)], then sity for a polycrystalline material. It should be noted that our
approach accounts not only for the “usual” magnetic field
history represented by formuld1l) —i.e., that producing
maximum(saturategltrapped field— but for the case of non-
saturated remanent magnetization of the grains. The com-

In the above expression§ is an averaged geometrical plexity of these situations is remarked upon by Yeshurum
factor which depends on the microstructure of the samplet 51,26 and has attracted the attention of different

with allowed values between 0 and 1. As mentioned beforeauthorszl7_36but On'y in connection with magnetization mea-
we have assumed that flux creep affects the Bean'’s full pensyrements. To our knowledge, only Ref. 9 shows some ex-
etration field of the grainsidf(T,t) [note thatHG(T) has  perimental results associated with voltage relaxation in the
been defined asig(T,t) evaluated at=10 §. This is a presence of a transport current with different amounts of
reasonable hypothesis, since, following Bean's méfiel, trapped magnetic field. It is worth noting that, although sta-
Hg(T,t) is proportional to the magnitude of the bulk dia- tistical distributions of the various parameters involysdch
magnetic critical current responsible for the magnetization osH, andG) are usually considered in the literattie'®2!

a grain, which is supposed to decay due to thermal activanstead of the simple formulgd) and (2), we avoided such
tion. In view of the inability of the original Anderson-Kim a complication after checking that we were able to obtain

where

ST 2HET)

G
Heff(HmaTat):m ZHS(TII) (ll)
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Let us now describgrosso moddiow we proceeded for
evaluating our phenomenological model. We first selected a FIG. 3. Time evolution of the critical current measured at dif-
set of parameterénot far from those expected for highs ferent temperatures ard,,=200 Oe for the HBCCO sample.
superconductojsfor generating the transport flux trapping
curve. After a few trials involving the tuning of the param- T
eters, we obtained a reasonably good coincidence between Ho(T):H0(0)<1_ T_) (14)
theory and experiment, which gave us the “definitive” set of o

parameters. Then, we generated theoretical relaxation CUNVES re H (0)=20 Oe, Hy(0)=57 Oe, andT,, =114 K
clg - » 110 - ’ cl™ .

with the same set of parametessd compared their relax- .
ations rates with those derived from the experiment. We a Note that Eq.(14) is not the temperature dependence that

sessed the validity of our phenomenological model by evalu- ould be expected by assuming the inverse proportionality
. idity b 10109 y of Hy(T) with the London penetration depth of the grains, as
ating our ability to predict the field- and temperature-

dependent experimental relaxations of the transport criticaimposed by Peterson and ERnSome of these parameters

current. Each calculation for a given set of parameters ino. reported by Reissifefrom other experiments, and
volved .the selection of the a rog fiate ex rest)ions throuah roughly match ours. The rest of our parameters are within the
simple program which foIIovF\)/gd ?he differpent scenarios ge- nge commonly reported for other high-materials:®'"
IMPIE program v . . . Finally, since each point of the flux trapping curve is mea-
fined earlier in this section. The details of this general pro- .
. ) : sured after a few seconds of the establishment of the flux
cedure are decribed in the next section. : .
profile on the grains, formulél2) was evaluated at=10 s
in order to resemble the experimental conditions. This time
IV. RESULTS AND DISCUSSION choice demonstrated only a small influence in the shape of
the theoretical curves if moved within the 1-100 s interval.
To summarizethe only difference between the two theoret-
curve measured on sample (HgRe)Ba,CaCuw;Og. 5 . I i
With x=0.24 atT=90 and 110 K normalized to their trans- cal curves showed in Fig. 2 is that they were generated for
temperatures of 90 and 110 K, respectivélg reported ear-

port critical currents aH,,=0, respectively. Although this .
curve can give directly useful estimates for some intragranul-Ier for YBCO (Ref. 19 and BSSCORef. 379 samples, the

lar parameter&® rigorous calculations of such parametersmOdEI reproduces quite well the features of the flux trapping

from the flux trapping curves require a fitting using formulas4"Ves: particularly at the two plateaus.

. S While a relatively fine tuning of the parameters
(1)—(12). This procedure has been used for the determinatio * . )
of the temperature dependenceshf,, HS , andH, from %,H (0), Ho(0) andT,.; was essential for the reproduction

the transport flux trapping curvewithout consideration of of the experimental flux trapping curves, the values of
any time dependangeby Mune et al®’ The solid lines He14(0) Uo, and u proved to be less influential. A good

shown in Fig. 2 represent the result of substituting in formu-SeleCtlon ofUo was important to reproduce the relaxation

las (1)~(12), G=0.25, u=1, U=0.4 eV, andH;(O)=120 experiments, as discussed below. The valueuoflemon-

Oe, and assuming the following linear temperature depenstrated a small influence on the fitting of the relaxation rates,
’ L . S0 we just assigne@t=1, which is close to the average
dences foH.,4 andH, within the interval 90-110 K: J gneg 9

value predicted for the different flux creep regimes men-
tioned earlier.

(13 Figure 3 shows the transport critical current relaxation
curves measured at different temperatures With= 200 Oe.

The circles and triangles in Fig. 2 show the flux trapping

T
Herg(T)=He1q(0)| 1— —
clg( ) clg( )( Tcl
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phenomenological model described in the text. = 0 [
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Note the nearly logarithmic evolution of the critical current 0 50 100 150 200

and the positive slope in all cases, which suggests that the H [Oe]
effective field at the junctions decreases as the grains mag- m
netizations relax, resulting in an increase of the transport
critical current. The spots in Fig. 4 display the temperature,,
dependance of the absolute relaxation rates define® as yhe HBCCO sample. The solid lines follow the phenomenological
=d(l;)/d(logt) which were extracted from the curves dis- model described in the text.

played in Fig. 3(normalized relaxation rates were systemati-

cally avoided for the presentation of the experimental Yata ) ,

The decrease db with increasing temperature ne@g is a (14) are not good pelow 90 K, which may explam the erar—
result observed by others in the case of magnetization meddre of our'cal(.:ulanons from the experiment in that region, as
surements performed on high- films and crystals, and, observe_d in Fig. 4. . -
particularly, on HBCCO polycrystafsbut it is reported here . The time dependences of the critical purrent dens@es for
for the relaxation of the transport critical current density. Thedifferent values ofH, (not shown heredisplayed again a
solid curve in Fig. 4 is the result of our phenomenologicalre""son"’u,)Iy Iog.arlthmlc behavior within our tlmg wmdow..
model. It was generated by calculating the critical current, The circles in Fig. 5 correspond to t_h_e maximum applied
versus time dependences from 1 to 3600 s at each tempe}éeld de_zpendences of the transport crltlcal_ current abs_olute
ture (all of which proved to be practically logarithmicand  '€l@xation rates at 90 k&) and 110 K(b). Their most promi-
then calculating their slopes from a semilogarithmic plot. ToN€Nt feature is the existence of maxima located between 50
generate these curvebe parameters Gu, Uy, H*(0), and 100 Oe' aflf =90 K, ar_1d between 25 apd 50 Og Rt
He1g(0), andHo(0) were the same as those used in the:1,10 K. This co.ntrasts'wnh many magnetlc relaxation ex-
reproduction of the flux trapping characteristicso calcu- ~Periments found in the literatur@t least in the same range
late the absolute relaxation rates it was necessary to intrdf fields), where the relaxation rate increases from zero until
duce the temperature dependence of the critical current deff-Saturates roughly at the sartt, azthh'Ch the magnetiza-
sity in formulas(1) and (2). It was obtained by fitting the tion versusH,, characteristic doe€:?° However, maxima in

experimental curvénot shown hergby the expression the relaxation of the magnetic moment have been reported by
Norling et al3* for YBCO polycrystals and by Blinoet al®°

for YBCO films. It is our opinion that the existence of such

FIG. 5. Absolute relaxation rates of the transport critical current
asured af =90 K (a) andT=110 K (b) as a function oH,, for

T \075 maxima in the relaxation rates of the transport critical current
|c(T)=|c(0)< 1- T_> (15  of high-T, polycrystals is a result of potential technological
c2 relevance.
The solid lines in Fig. 5 correspond to the result of the
In Eqg. (15), 1/(0)=1600 mA andT.,=122 K. The “tail ” application of our phenomenological model. They were gen-
of the experimental curve above 123 K was not considered ierated by calculating the critical current versus time depen-
our fit. dences from 1 to 3600 s at each field for a given temperature,

Our model clearly reproduces the experimental behavioand then determining their slopes from a semilogarithmic
in the interval from 90 to 110 K, i.e., where the linear ap-plot. To generate these curvéise parameters Gu, Ug,
proximations(13) and(14) based on the flux trapping curves H*(0),H¢,4(0), andH(0) were the same as those used in
measured at 90 and 110 K, respectively, are reasonabljne reproduction of the flux trapping characteristicAs
good. Considering the work of Muret al®’ there are good stated earlierlJ, proved to be relevant for the reproduction
reasons to believe that the linear approximati¢b3) and of the experimental rates. The value of 0.4 eV is roughly
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coherent with the results reported in Ref. 6 for HBCCO poly- 1.6 T T T
crystals, while it is an order of magnitude smaller than the
values reported in Ref. 38 for the intergranular region of the ;
same material. Although our theoretical curves seem to fit 1.24 T
quite well the experimental data, it was impossible to obtain 104 E
repetitive relaxation curves in the field regions at which the 1 1
peaks predicted by the model were located. 0.8 i
As stated in the Experiment section, results qualitatively 0.6 g
similar to those presented here have been obtained by us for 1 i
a (Hg,_ ,Re)Ba,Ca,Cu;0g, s sample withx=0.19. This is 04 E ]
not surprising in the light of an energy-dispersive x-ray 0.2 E .

(EDX) analysis of Re-doped HBCCO polycrystals by Reder

1.4 -

dlc/d[log (Hl [mA]

0.0+ 4

et al,*® which shows that the intragranular defect structure N —
of their samples does not change with Re content. 78 80 82 84 86 88
The lack of data for a complete comparison between ex- TIKI]

periment and theory relative to thé,, dependence of the , .
relaxation rate in HBCCO ceramics made us try a differen FI_G. 6. Absolute relaxation rates of the trans_port critical current
system, i.e., a YBCO polycrystal. The measurement procestfgIr _dn‘feren_t temperatures #p,=160 Oe as de”.ve‘.j from the ex-
was identical to the one earlier performed on the Hsccd)erlment(cwcle_s) for the YBCO s_amp!e. The solid line follows the
system, as well as the steps for the selection of parameters Pr? enomenological model described in the text.
the phenomenological model. We only show here, for brevi-
ty’s sake, the temperature and remanent field dependences of . T
the absolute relaxation rates of the transport critical currenterdy may depend on_the magnetic field. A_Iess trivial im-
for the YBCO sample. Our choice of parameters V@s provement would be to mtroduce the percolative character of
=0.25, u=1, Uy=0.6 eV, H*(0)=90 Oe,H,(0)=45 the tr_ansport curren]'f, Wh|ghbhai/|1mprcc)jvelz_q the“OfIErShOf flux
Oe, Ho(0)=30 Oe,|(0)=8055 mA, andT.,=T,,=88 K.  rapping curves performed by Munand Lgez.™ These
Most of these parameters are coherent with those reported mOd'f'Cat'an' however, would introduce some additional pa-
the literature for YBCO polycrystale®®while u=1 was rameters in the model, and are beyond the scope of the
selected following the same reasoning as for the'Dresent work.
HBCCO sample. As expected, our choice by is an order
of magnitude smaller than the intergranular pinning energy
reported in Ref. 31 for YBCO polycrystals.

Before presenting the results, a few features of the curves
not shown here for the YBCO system should be stated:
the flux trapping curves were better matched by our model
than in the case of HSCC@) the temperature dependence
of the transport critical current was fitted by

[log ()] [mA]

N W A 1O N

dl /d
c

T 1 1 '
|c(T)=|c(0)(1—T—d) (16) .

instead of Eq(15), and(c) the time evolution of the critical o Tt
current was nearly logarithmic for our time, temperature, and 1.6
trapped field windows, as in the case of the HBCCO system. [
The circles in Fig. 6 display the experimental values of
the critical current relaxation rates dsincreases foH,
=160 Oe in the case of YBCO, while the solid line resulted
from introducing in our phenomenological model the param-
eters given above. In Fig. 7, th,, dependence of the criti-
cal current relaxation rates is displayed by open circles for 80
K (a) and 85 K(b). When these results are compared with 0.0
the analogous ones for the HBCCO system, a general pattern N T T T
emerges: ag increases, the experimental maxima shift to 0 40 80 120 160 200
lower values ofH,, decrease their intensity, and sharpen. H [Oel
The theoretical fitgshown as solid lingsappropriately re- m
produce the position of the peaks, but their intensities and fiG. 7. Absolute relaxation rates of the transport critical current
widths are not perfectly reproduced. In principle, several admeasured aT=80 K (a) and T=85 K (b) as a function oH, for
ditions may be introduced in our model to improve thesethe YBCO sample. The dotted lines connect experimental points,
results. Two of the most straightforward ones are the recogwhile the solid lines follow the phenomenological model described
nition thatw is a function of temperature and that the pinningin the text.

[log ()] [mA]

dl /d
c
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V. CONCLUSION polycrystalline superconductor. It considers the effect of the
tragrain flux creep at the intergrain junctions, which affects
e transport current. Despite our model reproducing quite

well our experimental results, it seems necessary to improve
(Hg;-xR&)Ba,CaCLs0g. 5 and YBaCLO;_s polycrys- by taking into account the percolative nature of the trans-

tals by means of 1-h runs covering a range of temperature&ort current and the temperature and field dependences of

from 80 to 110 K and reman_ent magne_tlc f|_elds result_mgsome parameters related to the thermally activated processes
from ZFC excursions to maximum applied fields ranging.

from 0 to 200 Oe. involved.
Within our time, temperature, and remanent field win-

dows, the transport critical currents increased logarithmically

in time. The absolute relaxation rates decreased with increas-

ing temperature, while they showed a peak when plotted as a We would like to thank the useful comments of L. Civale,

function of the maximum applied field ,,. The position of R. Mulet and J.L. GonZaz. This work was partially sup-

the peak shifts to smaller values bif,, as the temperature ported by TWAS Grant No. 95-124 RG/PHYS/LA and by

approached ., and its width and intensity decrease. the University of Havana's “Alma Mater” program.
To interpret the experimental results, we propose a pheM.T.D.O. acknowledges financial support from CNPq,

nomenological model which holds, in principle, for any FINEP, CAPES, CST, CVD, and UFES.

We have performed a systematic experimental study of;
the time relaxation of the critical current density of
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