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Abstract 

Low field (0.4C < H < 3G) magnetization measurements have been 
performed on small single crystals of superconducting YBa 2Cu 30 7. 8 

(Tc - 95 K) using a SQUID magnetometer. They revealed anisotropic 
properties in the temperature dependences of the shielding and the Meissner 
effects. A sharp unique transition at 95 K is observed with the field 
parallel to c. In the perpendicular direction a second transition line 
seems to be crossed at T - 84 K .This temperature T* remains constant in 
the range of fields investigated. 
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Experimental results reported to date on the properties of the high 
T c oxide superconductors are mostly obtained on polycrystalline samples . 
The layered structure of these materials suggests that the attainment of 
high transition temperatures is related to their two-dimensional nature. 
Thus, measurements of their anisotropic properties are very important in 
order to check the mechanisms leading to these high temperature 
transitions. Unfortunately, the single crystals of YBa2Cu30;,. 5 available 
up to now are very small and the measurements are quite difficult. 

However some experiments on single crystals have already been 
published. Large anisotropies have been pointed out for instance in the 
coherence lengths for TmBa2Cu307.s l̂ l o r *-n C ^ e higher critical field Hc 2 

for YBa2CujOx [2,3]. The crystallographic structure of the considered 
systems is orthorhombic with nearly equal values of the lattice 
parameters a and b, and a much larger value for c [4,5,6]. The observed 
anisotropies appear between directions parallel and perpendicular to the 
crystallographic c direction. All the available results stem from 
measurements in large applied magnetic fields. 

Our experiments are devoted to the low field magnetic properties 
of single crystals of YBa 2Cu 30 7.s using SQUID magnetometry. In a previous 
publication (denoted hereafter as paper I) we reported the results obtained 
in a constant field of 3 G applied either parallel or perpendicular to the 
c direction [7] (the measurement always detects the component of the 
magnetization along the applied field). Three different single crystals 
were studied and a similar behaviour was found for all of them. In the 
present paper we will mainly concentrate on the properties of the largest 
crystal available (crystal #3 in paper I). Complementary measurements were 
performed on that crystal. The magnetization was measured using four 
different values of the field between .4 G and 3 G, and the temperature 
dependence was checked up to 300 K. The aim of these experiments was 
essentially to study the field dependence of the extra singular temperature 
T , which was detected in the case of the field perpendicular to the c 
direction, and to check whether this temperature increases up to the value 
of the critical temperature T c as the field is decreased. The conclusion is 
that down to the smallest field considered T remains constant within the 
experimental accuracy. Another noteworthy result concerns the 
disappearance of the very small magnetic polarization mentioned in paper I 
during the study of the temperature dependence of the magnetization up to 
room temperature.During all these long time experiments and successive 
handlings of the sample, the magnetic polarization was found to change in 
an irreproducib^e way and finally to vanish. The question of its relevance 
is still not settled. 

As usual, the magnetization measurements were performed using two 
experimental procedures. In the first one the sample was cooled down into 
its superconducting state in zero field, the field was then applied and the 
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magnetization recorded as a function of increasing temperatures (ZFC 
curves). In the second one, the field was applied at a temperature larger 
than the transition temperature T and again the magnetization was measured 
at constant field as a function of temperature (FC curves). In these 
procedures two different properties are measured. The ZFC measurement 
probes the ability of the sample to develop permanent currents screening 
the variation of the applied magnetic flux. It characterizes the shielding 
effect. The FC measurement probes the amount of rejection of the constant 
applied flux in the superconducting state, which is known as -the Meissner 
effect. 

The crystal studied was extracted from a sintered single phase 
preparation of YBa2Cu307.5 characterized by a T c value of 95 K. It was 
checked by X-ray diffraction and presents the orthorhombic structure 
expected for the superconducting phase [3] with lattice parameters of 
a - 3.833 A, b - 3.886 A , c - 11.670 A . The diffraction patterns show 
that it consists of a small number of crystals twinned along the (a,b) 
plane with a well defined common c axis. It has the shape of a platelet with 
characteristic dimensions of 0.3 x 0.35 * 0.13 mm, the c direction being 
perpendicular to the largest face. For the demagnetizing corrections, this 
shape was approximated to an oblate ellipsoid with an in-plane 
demagnetizing factor N-.2, where the in-plane demagnetizing field is given 
in e.m.u by Hd—-4TNM, M being the magnetization by unit volume. 

The reported results are corrected for the contribution of the 
sample holder which has been measured in a separate run. The magnetic 
moment of the sample is determined at each temperature by extracting the 
sample from the pick-up coils and measuring the flux variation. The change 
of position is small enough so that the field applied to the sample does 
not change by more than 0.3 %. The scale in the figures corresponds to 
arbitrary units. The experiment has only been roughly calibrated by 
measuring the shielding effect of a lead droplet (diameter ~ 0.12 mm) below 
its superconducting transition and assuming that it corresponds to the 
maximum shielding X - - —(emu). 

4ir 
Figure 1 displays the temperature dependence of the FC 

magnetization as obtained with an applied field of 2.85 G, respectively 
parallel and perpendicular to the c axis. The values measured above Tcare 
set to zero in order to give an easier comparison of the amount of Meissner 
effect in either direction. The demagnetizing corrections are quite 
negligible on these curves. 

Along the c direction, a unique sharp transition is seen to occur 
at 95 K. The Meissner effect is only 3.3% of the value expected in the case 
of a complete rejection of the magnetic flux. Perpendicular to the c 
direction, the sharp decrease appearing at 95 K is followed by a smooth 
singularity at 84 K which will better appear in Fig.3. The Meissner effect 
is here only 1.7 % at 80 K which is almost half the value measured in the c 
direction. At lower temperatures the ratio between the Meissner effects 
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perpendicular and parallel to c increases up to .7. 
In fig.?, the results of ZFC measurements are reported without 

demagnetizing corrections. The values of the magnetization are given in the 
same units as in figure 1. Only one curve has been shown for the case where 
the field is applied parallel to c. It corresponds to H-2.85 G. The curve 
shows a single sharp decrease at 95 K; below 80 K the signal 
becomes temperature independent. Taking into account the demagnetizing 
factor, a total shielding effect of about 46% is obtained. In the range of 
fields investigated, the jump of magnetization below T cis proportional to 
the value of the field and the value of T c remains constant within the 
accuracy of .5 K. 

In the case of a field perpendicular to c, the curves corresponding 
to values of 2.85 G, 1.7 G, 0.85 G, and 0.43 G have been represented. The 
demagnetizing field is larger in this case than in the previous one. With 
the demagnetizing correction applied, the total jump of magnetization for 
H-2.85 G has about the same value as in the parallel case. The shielding 
effect perpendicular to c is of the order of 37%. As noted in paper I, the 
ZFC curve at H-2.85 G displays a shoulder at a rather well defined 
temperature T* of 83.5 K. The decrease of the magnetization occurs in two 
distinct steps at T c and T . The curves obtained at lower fields show the 
same behaviour. 

In fig. 3, the ZFC results corresponding to the measurements 
perpendicular to c have been represented in a plot of M/H versus T. For 
comparison the FC result at H-2.85 G has also been reported (solid line), 
after normalization of the magnetization jump to that of the corresponding 
ZFC curve. In this figure it appears quite clearly that the shielding 
effect is proportional to H in the low temperature range. Between 84 K and 
T c a continuous small decrease of the absolute value of tr.e susceptibility 
occurs as the field increases. Tcdoes not change in the range of fields 
investigated (within AT-0.5 K), but more surprisingly T* is also field 
independent. The shape of the FC susceptibility is seen to differ from that 
of the ZFC susceptibility, but similarly below T a further step wise 
increase of the Meissner effect occurs. 

Above T c, as already mentioned, the spontaneous polarization which 
was detected in the first set of experiments has disappeared in the present 
measurements. Its effect on the magnetization was a constant shift of the 
base-line, and it did not alter the reported temperature dependences. 
Further work is currently performed in order to understand its origin and 
behaviour. The remaining positive susceptibility above T c is small. It 
is of order 1/10 of the total variation of the FC susceptibility. This is 
about three times smaller than the susceptibility of the sample holder and 
is of the order of the experimental reproducibility. The variation of the 
susceptibility measured in the high temperature range up to room 
temperature is mainly dominated by that of the sample holder. Within our 
accuracy the susceptibility of the sample is constant between 95 K and 300 
K. It can be assigned to a Pauli contribution. 

The overall shape of the ZFC curves, perpendicular to c has already 
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been observed in bulk sintered materials [8,9,10] though in these materials 
the shoulder of the curves appears much smoother. It was ascribed to 
inhomogeneitic 1*Î the compound or to weak couplings between grains via 
Josephson junctions [10]. The first interpretation may appear as the most 
probable one since the field independence of T could suggest the existence 
of a second transition temperature at zero field, as if an other part of 
the sample was undergoing a superconducting transition at this temperature. 
This picture accounts for the further increase of the shielding and 
Meissner effects below T . However, as T is not apparent in the case of 
the field parallel to c, one has to assume that, in this case, the part of 
the sample concerned by the second transition is completely screened by 
the already superconducting phase. 

The interpretation in terms of Josephson junctions between grains 
is not appropriate in our case of small crystals, though these crystals 
appear as twinned single crystals. A more microscopic description would 
be to consider the system as an array of Josephson coupled layers . Such a 
situation has been studied in the model of ref.[ll]. The qualitative 
predictions of this model are coherent with some important properties of 
the considered compounds. In particular, it predicts the observed positive 
concavity of the H c versus temperature curve. It indeed accounts for the 
very large values of this critical field, since it yields a divergence of 
H c in the vicinity of a temperature T at which the coherence length 
parallel to c becomes smaller than the distance between the weakly coupled 
superconducting layers. It is not unlikely that this temperature 
corresponds to a separation between two superconducting phases with 
different properties. In ref[l], it was found chat at T/Tc~ 0.9 the 
coherence length was already of the order of the unit cell parameter c. 
This value of the temperature ratio compares quite well with our observed 
value for T*/T (T*/Tc-0.88). 
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FIGURE CAPTIONS 

Fig.l : Field-cooled magnetization versus temperature in an applied field 
of 2.85 G parallel to c ( »0 ) and perpendicular to c ( X ). 
The magnetization is set to zero above T . The demagnetizing 
corrections are negligible. 

Fig.2 : Zero-field cooled magnetization versus temperature in an applied 
field of 2.85 G parallel to c ( 0 ) arid*of 2.85 G ( • ), 1.7 G ( X ), 
0.85 G ( * ), and 0.43 G ( + ) perpendicular to c. The magnetization 
is set to zero above T c, no demagnetizing corrections are applied. 

Fig.3 : Zero-field cooled susceptibility M/H perpendicular to c with fields 
2.85 G ( 0 ), 1.7 G ( X ), 0.85 G ( * ). 0.43 G ( + ). Solid line: 
field cooled susceptibility perpendicular to c with a field of 2.85 G, 
normalized to the maximum Z.F.C. value. 
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