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Dependence of the flux-creep time scale on sample size for melt-textured Y£&a30,
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The complex ac susceptibility was measured as a function of temperafiirec field frequency, and
amplitudeH,. for three textured YB#Cu;0, samples with different sized The effects of andH,.on the peak
temperaturel ;, in " were analyzed based on nonlinear flux diffusion theory. The current-defjsjtgepen-
dent effective activation barrietd(j)«<In(j,/j) have been extracted in a time window of milliseconds and are
the same as those obtained in other time windows. Flux-creep time $gad€40 > and 107 s have been
extracted for the largéd~1 mm) and small(d~10 um) samples, respectively. The fact thgtincreases with
sample size shows that it is a macroscopic quantity, as predicted by the nonlinear flux diffusion theory.

The flux-creep of highF. superconductoréHTS’s) have Shown in Fig. 1 are typicay’(T) curves at different fre-
been widely discusséand the flux-creep time scatg ap-  quenciesf for sample 1, showing that the temperature at
pearing in a variety of flux-creep equations is often considwhich y” peaks,T,, increases with increasing frequencies.
ered to be a microscopic time scale somehow related to vornother example, indicating that, decreases with increas-
tex hopping’ Recently, theory has predicted thaf is @ ing ac field amplitudeH,, is illustrated in Fig. 2. This/"
macroscopic quanuty_dependent on extern_al f|eld,. currenbeak temperature dependencefamdH,, To(f,Had, was
density, and sample size, etc., as observed in experir@nts.ajso observed for samples 2 and 3 but is not shown here. We

The susceptibilitf ACS) technique has been widely used explain the mechanism underlying thegepeaks as nonlin-
to study magnetic properties for various materféisWe  co - thermal-activated flux diffusion, that is, vortices or vortex
have determined’s for TIBa2,Ca2Cu30_X (TI'12.23) 7and bundles diffuse over a nonlinear barrigr There are other
HgB&,Ca,Cu0y (Hg-1223 HTS's by this techniqué. In mechanics which can also lead toy4 peak!®~*? For ex-
th'sf paper, we report the determmatlcrt@lfand the effective ample, if the ACS is caused by a static flu;<—pinning effect
activation energy by ACS experiment(j) for three tex- T d ! nds onlv okl wher i depends onlv ofith '
tured YBgCu;0; (YBCO) samples with different sizes and . P €pendas only of,., Whereas il , deépends only ohthe -

linear resistivity of flux motion accounts for the ac suscepti-

show howt, is related to the sample size. . . .
Three slab YBCO samples 1, 2, and 3 were grown b)plhty. However, neither of these mechanisms can account for

melt-textured growth processing. X-ray diffraction patternthe preseny(T) data. ,
examinations show that they are higliyaxis textured with The nonlinear flux dlfiul%mn theory predicts thaj, de-
different effective sizes as listed in Table I. Details of samplePends on bottf and H,..™ Considering a thin slab with
preparation and characterization have been reportetilickness & along thex axis in an applied ac fieldi(t), we

elsewheré:® _ _
The ac fie (1) =Ho + H,cos2nft) is applied withHy | JA0HE ) fo%Har 26/ 4R 2000 G forYBCO samples
and H,. oriented in thec-axis direction. The temperature ' ' -

dependences of the real and imaginary parts of the ACS for 1 2 3 T1223  Hg-1223
these samplesy’(T) and x"(T), were measured as a function

of ac field frequency and amplitude in a dc field on a homed (mm) 1.2 0.9 0.013 0.005 0.001
made susceptometer with sensitivity of £0emu. All data T, (K) 89.8 91 87 117 117
for x(T) were recorded by a computer for later analysis. De-U, (eV) 1.37 1.24 0.64 9.8 1.06
tails of the ACS measurement and the data analysis procez (1075 9) 2.7 25 0.05 0.01 0.005

dure can be found in Ref. 6.
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FIG. 2. Typical ¥"(T) curves at six ac field amplitudds, for
sample 1, showing the peak temperatlieshifted by ac field am-
plitude H ..
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FIG. 1. Typical¥’(T) curves at five frequencidsfor sample 1, o
showing the peak temperatu, shifted by the operating fre-
quency. 4r 5
have the continuity equation of indicatidh :-_,3 sl
e
9B+ 3,(Bv)=0. & >
+ of
Supposing that the velocity of flux lines obeys the Arrhenius =
law v =vqe~Y'T and solving Eq(1) perturbatively to loga- = H,.=2.9 G
rithmic accuracy, Blatteet al. obtained the criteria for the Lr peoes 0.5 x&
peak iny” of the ACS? ac0co 2.0 kG
U(Tp Ha,j) =Toln[1+1U(fto)], (23) 0% i 2 3 1
(b) G(T,)/T,
j(Tp,Hg,f)=Hg/d, (2b)
18
to=Tpd? (2Hqvol3;U]), (20 sl
wheret, is a time scalej is the current density, andf#t is
the relaxation time during which the momentirreny of the 12+
sample has been relaxing=0 is the critical state Equa- )
tions (2) indicate thafT ,(f,H,) {=U/In[1+1/(fty)]} data ] gt
can be used to determine the relaxation time sgaénd the T /
activation barriet. All of our T, (f,H,) data are summa- Z 6} Hy=2 kG
rized in Figs. 8a-3(c) by plotting IMf1+1/(ftg)] vs L se020 0.1 &
3t anans 0.8 G
20000 1.6 G
v 2.9 G
0 L Il 1 1 t.tilL" 6'8 G
350 1 # £=40.6 kHz 0 &+ 2 3 4 5 6 7
++<§)®; I'Olgzo(g.OBO{(ZG G (C) G(TP)/TP (1/K)
:(2 250 + ++OA“°¢nnnnuO.4G
§ G Epghenssal0 G FIG. 3. Data summary: The frequency- and ac-field-amplitude-
= AR IS0 ég 8 dependent peak temperature ¥AT) curves, T,(f,H,o), data are
5 150+, +* +°°°OAA“AED é’fﬁ : plotted as Ini(+1/fto) vs G(T,)/T, at six H,e values for the three
- 00000 Lata® S o samples, wher&(T,)=[1—(T,/T,)?]*?is the temperature scal-
> &M%aag% 09 * ing function accounting for the temperature dependence of
50°° K3 U(j,Hg,Tp) [=U(j,Hg,T,=0 K)G(T,)], see text. The symbols
dyoo % are the data while the solid straight lines are fitted curyas.
CRTPRE RSO
000°° sample 1(b) sample 2, andc) sample 3.
%4 86 88 90 92 94
T (K) G(T,)/T, for the three samples, whe®(T,) is the tem-

perature scaling function accounting for the temperature
dependence of the barriersU, ie., U(j,Hq,Tp)
=U(j,H4T,=0 K)G(T,)."> When we take the fitting
G(T,)=[1—(Ty/T,)%** with T, listed in Table I, and plot
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FIG. 4. One of thaJ(j) relationships for sample 1. The symbols
are the slopes of the straight lines in Fig. 3 and the solid lines are
the fitted curves described by E@).
_8_
the T,(f) data as In(*1/ftg) vs G(T,)/T,, nice straight —
lines are obtained; see Fig. 3. It is clear that thean be <
determined as experimental fitting parameters. The average Z
values oft, are also listed in Table | for the samples. It is & —-10} _
found that the larger the sample size, the larger P M::‘:‘Hz'focs G
Furthermore, we can explore thé(j) relationship. It is S8 coooo Hy=1.0 kG
obvious that the slopes of these fitted straight lines in Fig. 3 eocoe Hy=2.0 kG
are just the activation barriers)(H,.,H4,0 K). Plotting -12 ) . _
those slopes vl . and using Eq(2b) andd in Table I, we 0 1 2 3 4
construct the current dependence of the activation barrier ®) G(T,)/T,
U(j,Hq,0 K) for the samples, which depend on current den- -4
sity logarithmically:
U(j,2 kG,0 K=UgIn(jo/j). ()
For example, th&J(j) relation for sample 1 is shown in Fig. =T
4. The experimental parameters ardy=1.37 eV,
jo=7.08<10"* Alcm? andU,=0.64 eV,j,=2.92x10* Alcm? =
for samples 1 and 3, respectively. This kind of logarithmic > Hy=2 kG
U(j) function has already been reported for YBCO from 7 ~1oy 20000 0.1 G
transport and dc magnetic relaxation measureménfit is - 22200 04 G
noticed, however, that we have determined the magnetic re- 20000 1.6 G
laxation j (t,T), i.e., Ho(f,T,), because we have measured paeae 28 ¢
To(f,Hyo). Thus theseJ(j) andt, values obtained by the —132 3 i 5 3 >

ACS measurementd0 1<f<10° Hz) are in a time window
of submillisecond€10 *>t>10"° s), whereas the dc mag-
netic relaxation and transport measurements usually work in

the time windows of hour&>10 § and less than microsec- _ F'G- 5. DataTy(f,Ha) represented by plotting In(@) vs
onds(t<107% s), respectively. G(T,)/T,, showing the positions wherfe=1/t, and thusl + 1/fty

Because the operating frequency in this experiment is a%annot be written as iff,. The data are taken from Fig. 3 at six ac

high as 60 kHz while 1§ is around 30 kHzty<t is not 3'221;21Tngfjaq;gezsc;'ndqgnse;ma;ﬁ; grawn o guide the ege.
always correct and the constant 1 in E8a) cannot be ne- ' ' '

glected as in e.g., Refs. 1 and 10. In order to see what might

happen at~t,, we represent th&,(f,H,) data by plotting ~ for sample 3see Fig. &)] whose sized, and thus its, is
In(1/f) vs G(T,)/T, in Fig. 5. It is found that the curves the smallest, leading tét,<1 for all operating frequencies.
In(1/f) vs G(Tp)/T, are still straight lines as long &%,  This is a strong confirmation tha depends on the sample
> 1. Nevertheless, deviations from this linearity take place asize, and the ACS technique is particularly powerful in
operating frequencies comparable with the sample creep studying the magnetic relaxation time scale.

time scales 1§, i.e., In(1f) about —9.5 (1/ty=~3x10* Hz) Finally, to determine if the nonlinear theory can quantita-
for samples 1 and see Figs. @) and 3b)] whose sizes are tively describe the dependencetgfon the sample sizé, we
larger. Meanwhile, no such deviation from linearity is found combine Eqs(2¢), (3), and(2b) and obtain

(c) G(Tp)/Tp( 1/K)
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FIG. 6. Uytg vs d, showing the effect of sample sizkon the
creep time scaley. 1, YBCO sample 1; 2, YBCO sample 2; 3,
YBCO sample 3; 4, TI-1223; 5, Hg-1223.

toxdH,/(HgvoUg) (4)

which means thatl gty is proportional to the same sizkat
fixed H,; and Hy. Shown in Fig. 6 are the data for the
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present three YBCO samples and TI-122Ref. 6 and
Hg-12237 We can see thatl,t, is roughly proportional to
the sample size. This is strong evidence showing that the
flux-creep time scalé, is a geometry-dependent parameter.
The physical meaning df; is just as pointed out by Blatter

et al. the magnetization is proportional to sample volume
whereas the decay of magnetization is proportional to sample
surface and thug, is proportional to the sample siZe.

In summary, we have studied flux-creep processes and
flux-creep time scalet,, as well as the diffusion activation
barriersU(j), for textured YBCO samples by means of ACS
measurementsU(jB)ocln(jo/j) determined in the time win-
dow (10 °<t<10 ° s) is the same as that observed in other
windows by dc magneti¢t<10' s) and transport measure-
ments (t<10® s) in single-crystal and thin-film YBCO
samples. The flux-creep time scdlghas been shown to be
10 " and 10° s for samples with effective sizes of the order
of 10°° and 103 m, respectively. This sample-size depen-
dencet, is of strong confirmation that it is a macroscopic

quantity.
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