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Ac complex susceptibility, x = x’ — ix”, measurements were done on the samples doped
with barium and zinc (Bi,PbggSr,Ca,_ M, Cuz0;s, M=Ba, Zn and x=0.02 and 0.10). The
data of x’ shows that coupling of the grains in Zn-doped samples are weaker than that of
Ba-doped samples and hence it could be concluded that Zn-doped samples are dominated
by the S-I-S type of weak links, whereas the Ba doped samples are dominated by the S-N-S
weak links. Calculated values of Iy is three times higher in the Ba doped samples such that
the values of Josephson coupling energy, E; is four times that of Zn doped samples.
Analysis based on the sensitivity of the data of dx’(T)/dT versus temperature furnished
further information on the two-step transitions related to the coupling of the grains in both
systems. © 1999 Kluwer Academic Publishers

1. Introduction later presintered at 83CC for 14 hours with interme-
Ac susceptibility technique is now commonly used diate grindings in order to ensure good homogeneity.
in the characterization of superconducting materialsThen the powders were pressed into pellets and sin-
[1-5]. This technique offers additional advantage betered at 855 C for 150 hours. The samples prepared
cause it avoids the need for contacts as in the case sfere identified as sample 1 (for Ba dopee: 0.02);
resistivity measurements. It also avoids ambiguity insample 2 (for Ba doped = 0.10); sample 3 (for Zn
the determination of the onset temperature of diamagdopedx = 0.02) and sample 4 (for Zn doped= 0.10).
netism even for a small volume of sample. Intrinsicand Ac susceptibility measurements were performed, us-
extrinsic properties related to the nature of grains, grainng a LakeShore Model 7000, to study the flux penetra-
boundaries, couplings and phases in connection to suion as samples were heated from 20 to 115 K at 125 Hz
perconducting properties have been studied extensivehlyith the driving field ranging from 0.1 Oe to 10 Oe. Re-
using ac susceptibility measurements. There are numesistance measurements, using a fourpoint probe method
ous reports related to the properties of superconductorat a constant current of 20 mA, over the range of tem-
such as magnetic relaxation [6], vortex dynamics, fluxperature from 20 to 300 K were also carried out.
distribution and creeps [7], penetration depth [8], trans-
port current densities [9], magnetic reversibility [10]
and granularity [11] based on ac susceptibility mea-
surements. 3. Results and discussion

In this paper, ac susceptibility measurements werd he temperature variation of the complex magnetic sus-
performed on Ba and Zn doped By S»Ca _ xMy ceptibility, x = x’ —ix”, in various ac fieldsH, for
CusO;s, (M =Ba, Zn andk = 0.02 and 0.10) supercon- all samples are shown in Figs 1-4. The curves of the
ducting system, as a function of temperature and ateal componenty’(T) which provide information on

fields and its effect on the coupling of the grains wereintrinsic and coupling diamagnetic shielding; and the
discussed. imaginary componeng;”(T) that displays the features

of coupling losses which are common behaviour of sin-

tered ceramics superconductors were observed. How-

ever, the peaks associated with the intragranular loss
2. Experiment nearT. were not observed for all samples. Unlike the
The ceramic samples of By sSCa _ xMxCugOs, intragranular peaks, the coupling peaks were observed
M =Ba, Zn andk = 0.02 and 0.10 were prepared from because the intergranular critical current denslyis
appropriate mixtures of high purity (99.9%) 883, very sensitive to the presence of magnetic field [12].
PbO, SrCQ, CaCQ, BaCQ;, ZnO and CuO powders. The onset of diamagnetism for Ba and Zn-doped sam-
The powders were ball-milled for 24 hours. The mix- ples were observed at 107 and 106 K, respectively. All
ture was first calcined at 80@ for 24 hours and was samples show two step transitionn as temperature
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Figure 1 AC susceptibility of ByPly sSrCa — xBaxCuzsOs sample X = 0.02).
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Figure 2 AC susceptibility of ByPhysSroCa — xBaxCuzsOs sample x = 0.10).

decreases [13, 14]. This feature is due to presence @ T; (R=0) of 75 K, while for sample Z. (R=0) is
both low and highT. phases where the high phases 88 K.

is more dominantin Ba doped samplesthaninZndoped The behaviour of flux penetration in the samples
samples. Hence Zn doping is less favourable for the forshown in they’-T curves (Figs 1-4) is field depen-
mation of 2223 phase than Ba doping. This observatioment. For samples 1 and 2, at lower applied fields of
(two step transition) is also consistent with the resis-0.1, 0.5 and 1 Oe. flux penetration is minimum un-
tance measurements shown in Fig. 5. Sample 4 show# 65 K. Beyond this temperature rapid increase of
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Figure 3 AC susceptibility of BpPly sSrnCa — xZnkCuzOs sample x = 0.02).
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Figure 4 AC susceptibility of BpPhy SrCa — xZnxCugOs sample x = 0.10).

flux penetration were observed until 92 K. Betweendependent. However the behaviour of flux penetration
this temperature and the onset temperature of diamagr Zn doped samples differs. At lower applied fields of
netism, it is field independent. For applied fields of 50.1, 0.5 and 1 Oe, the field penetrates exponentially un-
and 10 Oe. flux penetration increases exponentially fotil 68 K for sample 3 and 65 K for sample 4. For higher
sample 1 but linearly for sample 2. This happens untiffields the penetration is quite linear until 68 and 65 K
the temperature is 70 K. Beyond this temperature untifor samples 3 and 4, respectively. Beyond these tem-
the onset of diamagnetism, flux penetration is field in-peratures, flux penetration is field independent until the

2815



081

e

]

o

g 06]

€

-4

3

g

B

vl

2 041

§ o——s Zndoped x =0.10
3 v Zn doped x = 0.02
g B————& Badoped x=0.10
Z »———— Ba doped x=0.02

0.21

100 200 300
Temperature (K)

Figure 5 Normalised resistance as a function of temperature fe8BCa _ xMxCuzOs (M = Ba, Zn) samples.
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Figure 6 Applied field as a function of the coupling peak temperature.

onset temperature of diamagnetism. These differencebe phases present in the samples is also shown in the
observed between the Ba doped and the Zn doped sam”-T curves. In all the samples, intrinsic peaks were
ples might be due to the quality of the grains and thenot resolved even at 10 Oe. because the samples were
nature of the grain boundaries. not strongly coupled. At temperatures well beldw

The effect of different applied fields on the quality broad coupling peaks observed were field dependent.
of the grains, the nature of the grain boundaries andrig. 6 shows the variation of coupling peaks with
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Figure 7 Real part of the AC susceptibility as a function of temperature foPBjsSrCa — xMxCuzsOs (M = Ba, Zn).
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Figure 8 Imaginary part of the AC susceptibility as a function of temperature foPBjsSnCa - xMxCuzOs (M = Ba, Zn).

applied fieldsH. For samples 1 and 2, occurs at of barium and zinc doping in the system. The two-step
almost the same temperatures, but diverge as the fiefdature of the transition curve i’ (T) shows that Ba
increases. However for samples 3 anighdliverge atall  doping favours the formation of high phase than Zn
fields. The coupling peak at 10 Oe was not observed fodoping. For samples 1 and 2, (Ba-doped) the temper-
sample 4 and it could be at a much lower temperatureatures at the shoulder of the first transition are 94 and
The data ofy’(T) and x”(T) as shown in Figs 7 93K, while for samples 3 and 4 (Zn-doped) the temper-
and 8, respectively, can also be used to study the effecttures are 68 and 65 K respectively, hence indicating the
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Figure 9 Differential analysis of real pant’ as a function of Bi Plp sSrCa — xBaxCuzsOs samples.
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Figure 10 Differential analysis of real papt’ as a function of temperature for #hy SpCa — xZnk CusO, samples.

dominance of 2223 phase in barium doped samples. Adespond to the mid-point of the transition, in the high
ditional analysis based on the data @f (') /dT versus temperature transition for samples 1 and 2 has a differ-
temperature could furnish further information on theence of 0.5 K, while for samples 3 and 4 the difference
two-step transitions. Figs 9 and 10 show'@)/dT is about 2 K. For the low temperature transition, the
versus temperature for barium-doped and zinc-dopedeparation of the peaks between samples 1 and 2 is 1.5
samples respectively. The peaks observed, which coend 2.5 K for samples 3 and 4. Separation of the low
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TABLE | Calculated values of maximum Josephson current and cou{gsses occurs at a much lower temperatures as com-
pling energy in Ba doped and Zn doped samples pared to Ba doped samples due to the difference in the
dominancy of the higfi; phase. The nature and degree

lo (Maximum Ej (Josephson . ’ ) :
Doping Josephson current)  coupling energy) Of the weak-links, due to Josephson junction coupling
Samples  composition uA x10721J of types S-N-S and S-I-S, in both types of samples
Badoped X = 0.02 136 2201 are diﬁere_nt. F(_)r sample with 2223 phase dominancy,
X —0.10 126 4152 the weak links is probably of the S-N-S type, whereas
Zndoped X =0.02 4.44 1.463 the lowT; (2212) phase dominated sample, S-I-S junc-
X =0.10 4.29 1.414 tions seem to dominate. The coupling of the grains in

Zn-doped samples are weaker than that of Ba-doped
samples. Hence it could be concluded that Zn-doped
samples are dominated by the S-I-S type of weak links,

%?dsglrgglze; I:ﬁ;i;i?;%'gnlisazgjkoe' Is 20.3 K, Wh”ewhereas the Ba doped samples are dominated by the

Remarkable differences between both type of dopingf'l\l'S Weak links as supported by ;he calculated values
. o f 1o andE; in the samples. Analysis based on the sen-
were also observed in the imaginary compongfT ).

Peaks corresponding to maximum hysteresis losses si[tivity of the data of ¢(T)/dT versus temperature
b 9 y urnished further information on the two-step transi-

the grain boundaries, when supercurrents and PeNe s related to the coupling of the grains
trated flux reach the center of the samples, were seen ’
at much lower temperatures for zinc doped samples as

compared to barium doped samples. The shifting of th?&cknowledgement

peaks between samples 1 and 2 is 1.5 and 5 K for sam-, .. . - . i
ples 3 and 4. Hence it can be concluded that the natunrquhe financial support of the Ministry of Science, Tech

and degree of the weak links, due to Josephson juncr]ology and Environment, Malaysia under the Inten-
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(2212) phase dominated sample, S-I-S junctions seem
to dominate [15]. Thus, in Zn-doped samples the S—I-%mafe ences
type of weak links dominated, while the S-N-S weak r
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