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Magnetic relaxation and the Aux diffusion barrier for T1Sr2Ca2Cu30» doped with Pb and Ba
determined by complex ac susceptibility measurements
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Complex ac susceptibility has been measured on the T1Sr&Ca2Cu30~ superconductor doped with Pb
and Ba, which was prepared by the partial melt processing. The Aux creep barriers
U(J, B,T) ~J "B '(1 —T /T, )' with @=0.64 and current decay S=—d lnJ/d ln[t/to]
=1/(p, in[t/to]) with to=2X10 s have been determined at various temperatures, ac frequencies f, dc
fields B, and current densities J in a time window 10 ' s—10 s, which extends considerably the very
limited one (typically 1 s—10 s) used by the conventional dc magnetometer. The result that U( J) ~J
is an evidence of the vortex-glass phase or collective-creep mechanism predicted by theories from the ac
susceptibility measurements.

It is well known that the Tl-based superconductors
have very high T, ( =125 K), which is attractive for both
technical application and an academic study standpoint.
Unfortunately, the Tl-2223 (T12Ba2Ca2Cu&O„) material of
125 K T, is a layered compound and has a critical
current density J, that decreases too rapidly with increas-
ing magnetic field, e.g. , J, is drastically reduced in a field
of, say, 1 T at liquid nitrogen. However, the Tl-1223
(T1Sr2Ca2Cu30~) phase which has only one insulating Tl-
0 plane per unit cell, has an important advantage of

I

stronger Aux pinning, resulting probably from a shorter
distance between the neighbor conducting Cu-0 planes
and less anisotropy. ' Consequently, the Tl-1223 material
has a higher J, than Tl-2223 in applied fields of about 1

T. Furthermore, it has been demonstrated that Aux pin-
ning centers can be introduced into the Tl-1223 phase us-

ing its derivative (Tl/Pb)-(Sr/Ba)-Ca-Cu-0 with the nom-
inal composition of (0.5/0. 5)-(1/6/0. 4)-2-3. However,
the J, of the Tl-1223 is still not high enough in fields and
the underlying pinning mechanism is not understood so
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FIG. 1. The real (X') and imaginary (X") parts of acs in
various applied dc fields B and at frequency f given in the figure
for the specimen.

FIG. 2. The irreversibility line of the specimen, where the
solid line fits the experimenta1 data (stars) we11 with reduced
temperature t=T/T„and T, =117 K is a fitting parameter.
f=6 KHz.
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curves where X' and X" are the r 1 d
'

ea an imaginary parts
o t e acs, respectively, and where the superconducting
onset temperature T =120 K and th tan e temperature T at
which the X" peak occurs is about 119 K (8 =0 . From
Fi . 1andt
t, the irre

ere or c ari-

shown in Fi
y, e irreversibility line has been reconstr t deen reconstructed and

s own in Fig. 2, where T has been denoted b Tf
p ici y, an where the best fitting curve of the data is il-
lustrated by a solid line 8 =47.4 X ( 1 —)

'
, and T, = 117 K (a fitting parameter). Shown in

Fig. 3 are typical X'(f, T) and X"(f T)n, curves which
isp ay the effect of frequency f on the X" ke pea tempera-
ure . imilar measurements have been c d

'
us c fields B. In Fig. 4(a) we summarize the mea-

sured data from such measurements with d'ffs wi i erent sym-
s o s ow the effects of frequency f and dc field 8 on

the X" peak temperature T in terms of f(b, 8, T) at b = 8

)MT, where the plot —lnf versus [1—(T/T, ) j' /T with
the common fitting parameter T =117K h as been made.
n ig. 4 it is clear that those solid straight lines are

fitting the data very well and can be described in term

f ( 1 /
—Uo(b, B)U(T)/T

, or the following linear equa-

—ln[fto]= U()(b, B)[U(T)/T),
where oto=1 and —in[fto] are these line's '

t
' es in ercepts

on e ( = —lnf ) axis and hence determined by the vari-
able XI =[U(T)/T)] =0 i.e., T=T, ) ( )

lines.ines. From the intercepts in Fig. 4(a) we determined
10 s&t (5X110 0 5X10 s with a mean value to=2X10 s

Figure 4(b! showows T/(Bto) is nearly a constant, which
means t ~ T/B. Fiigure 5 illustrates the slopes of the
straight lines in Fig. 4(a) by stars and the best fitt' f

'
n o ) y the solid line. The above results show the

es ing unc-

barrier is U(b, B,T)=U'(b)U (B)U(T) Th
e o tained by the measurements with data as shown in

Fig. but at different ac amplitude b (i.e. 1'

ec ). Shown in Fig. 6 is an example of such amplitude
effect data at f=6 KHz. We h

' F'z. e s ow in Fig. 7 the experi-
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FIG. 7. The fluxux diffusion barrier heights U( J) at T =0 K.
and dc field iven in the fifigure. The stars are experimental data
see text' thee so id curve depicted by function U iv

7

figure is a fitting curve.
on o given in the

mental UI)(J) = U(J, 0.3 T, 0 K), i.e.,

U()(J)= A J (2a)

where p=0. 64, A =3.53X10 K [10 A cm
current density

cm ]", and

J =Cb/d (2b)

h as been used with C =1 and d b
'

h lfeing a a grain dimen-
sion. In general, in a sample with thickne 2d

'
ness in an ac

pp ie e with amplitude b, a screen current w'll be in-
duced with penetration depth D. At X"t "peak D=d,

si es
w ic means the screen current fronts f throm e opposite
'des meet at the sample center, and hence the mean

current density J=Cb/d. Fo th' 1 b
'

or a t in slab in an ac field
parallel to its wider faces C =1 th, ot erwise Cis 1 in order
of magnitude. We here take the thin slab ae in s a approximation

~ ~

mos cases in references where J =J for t e static
Bean critical state case and J i 1

(2b
is near y a constant as Eq.

~ for the self-organized critical t' '
a i y case as shown by Vi-
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FIG. 6. The amplitude effect of X" kpea temperature T
showing the effect of ac field b on the X" eak tern er

FIG. 8. The lotp t J versus 1n[t/to] according to data (s m-

bols) and E . (3) (theq. t e solid lines) in the text at various tempera-
tures T and dc field B given in the fi he gure, s owing current relax-
ations in the time window 10 s—10 s etermined by the ac
tec nique.
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nokur, Feigel'man, and Cxeshkenbein. Therefore, the
sample's grains are slabs with mean thickness of 2d(=
the mean grain size), which is about 2 dum according to
our scanning electron microscopy (SEM) observations
and C =1 in Eq. (2b). It should be emphasized that Eq.
(2a) implies the flux motion barrier height U( ~ J ") will
increase infinitely as J decreases. This is evidence from
the present acs experiment, showing the collective creep
or vortex-glass phase predicted by theories ' operating
in the Tl-1223 superconductor. Since ft = 1 at the X"
peak, it is easy to obtain the current decay function J(t)
by substituting Eq. (2a) into (1):

J(t)= A(ln[t/to]) '~P= 2( —ln[fto]) (3)

where A =[AJU(T)/T]' "(B=0.3 T), and p is called
the vortex-glass exponent. Figure 8 displays the plot J
versus ln[t/to] according to the data and Eq. (3) at
several temperatures. The ft =1 means that we have
carried out a relaxation experiment in a time window 1

ms (1 KHz) —20 ps(50 KHz). From Eq. (3) the normal-
ized relaxation rate S= —d lnJ/d lnt = I/(pln[t/to]),
which confirms that 5 is universal according to the col-
lective creep or vortex-glass theories and the dc relaxa-
tion experiments. " What is more important is the

Aux relaxation experiment has been extended to a much
earlier time window. However, with t /to = 10 and

p =0.64, the S=0. 16, which is larger than for
YBazCu30„(Ref. 11) obtained from dc relaxation mea-
surements.

In summary, we have carried out a relaxation experi-
ment using the acs method and overcame the usual
difficulty in conventional relaxation measurements of
having only a very limited time window, 1 s —10 s, by ex-
tending the latter to the earlier one, 2X10 s —10 s.
This increases the dynamic range of ln[t/to] consider-
ably to 10 s —10 s. For Tl-1223 we show the important
parameter to(d=1 pm, T=117 K, B=l T) is about
2X10 s. We have also determined the important ftux
pinning barriers U(J, B, T) 0- J B ' (1—T /T, )',
and the flux relaxation J ~ (lnt/to) ' . Therefore, we
have presented independent evidence showing the
vortex-glass phase or the collective creep mechanism in
the high- T, superconductors.
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