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.... ABSTRACT
.,

Detailed measurements of the V-I curves for a number of Bi2Sr2CaCu208 and Bi2Sr2Ca2Cu3010/Ag composite
:_ tapes were made at 4.2, 27, and 64-77 K as a function of applied magnetic field as well as the angle between the tape
"t face and the direction of applied field. The results suggest that the weak vortex-pinning strength, and the amount of

the weakly coupled grain boundaries and of the non-superconducting volume are the primary limiting factors for
critical current densities in Bi(2212)/Ag and Bi(2223)/Ag, respectively. Furthermore, in both cases, the dissipative
voltages arise from the interior of the gains.
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_ INTRODUCTION

Extensive research and development in fabrication of conductors utilizing the superconducting Bi2Sr2CaCu208 and
Bi2Sr2Ca2Cu3Ol0[hereafter, Bi(2212) and Bi(2223)] are being carded out to improve critical current densities Jcof
the composite tapes. Recently, significant improvements in the values of Jc were made, e.g. Je ----7 x 104A/cm2at 77
K in the self field [ I]. Unfortunately, these very encouraging results are not commonly achieved, and much higher
values of Jc than the above example are desired for wide technological usage of these conductors. In order to
achieve this goal, a number of studies were performed to clarify the limiting factors for the values of Je in these
composite co,,tductors. Originally, Jin et al. [2] and Ekin et al. [3] postulated that there existed two types of grain
boundaries, weak and strong ones, and the currents beyond a small applied magnetic field were carried by the latter.
In contrast, noting the fact that the Bi cuprate superconductor in the composites consists of a series of stacked
platelets which are joined to other similar groups of the platelets, Malozemoff proposed a so-called "brick wall
model" describing the transport mechanisms for superconducting currents along the length of the conductor [4]. In
this model, the high angle tilt boundaries along the length of the tape are essentially barriers for transport currents
and that Je is controlled by the current-carrying capacity of the Josephson currents across the twist boundaries
perpendicular to the a-b plane and the tape. However, others have noted that the currents in these tapes are likely to
be carried by metallically connected (low angle tilt) grain boundaries and the limited amount of these boundaries in
the composite is the likely limitation for transport currents [5-81.

More recently, we have carried out a series of detailed measurements of the V-I characteristics for the Bi(2212)/Ag
and Bi(2223)/Ag composite tapes at 4.2, 27, and 64-77 K as a function of applied magnetic field as well as of the
angle 0 between the tape face and the direction of applied magnetic field [9,10]. The results also support the idea
that the primary current limiting factor for the Bi(2223) is the amount of the current carrying strong boundaries.
However, Je in Bi(2212)/Ag is primarily limited by the weakness of the intragranular flux line pinning strength since
the partial melt process results in clean and well aligned Bi cuprate layers. In the following sections, experimental
results are presented in support of the above conjecture.

EXPERIMENTAL METHOD AND RESULTS

The specimens of Bi(2223)/Ag tapes, which were used for this study were fabricated by a conventional powder-in-
tube method [11] while the Bi(2212) tapes were prepared by a partial-melt-process of powder-in-tube processed
composite tapes [12]. For measurements of critical currents, an approximately 4 cm long piece of tape was mounted
on a copper block which could be rotated over 180*on an axis perpendicular to the applied magnetic field. The ends
of the specimens were soldered to current leads and the voltage leads were attached at the center of the specimen
approximately 1 cm apart. The V-I characteristics were recorded point-by-point by a computer assisted data
acquisition system. The examples of the E-J curves from such measurements are shown in Figs. 1 and 2 for a
Bi(2223)/Ag tape measured at 64 K for applied fields perpendicular and parallel to the tape-face, respectively. The
critical currents as a function of the angle Obetween the tape-face and the field direction were also measured using a
x-y recorder and were determined with a 1 I.tV/cmcriterion [9,10]. All of the measurements were performed by
havin_ the specimen holder immersed in liquid helium (4.2 K) and neon (27 K) at the near atmospheric pressures
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Fig. 1 An example of the E-J curves from a Bi(2223)/Ag composite tape at 64 K as a
function of applied field perpendicular to the tape face.
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Fi_. 2 An example of the E-J curves from a Bi(2223)/Ag composite tape at 64 K as a



and in liquid nitrogen (~64-77 K) at reduced pressures. The methods of liquefaction and temperature control for the
, measurements in liquid neon is described elsewhere [10].I

DISCUSSION

One very interesting aspect of Figs. 1 and 2 is the fact that these series of the logE - logJ curves are very similar to
those which were first observed by Koch et al. for a YBa2Cu307 film [13] and was used as evidence for a glass-to-
liquid transition of a magnetic vortex system [14]. Since each E-J curve in the present case was measured for
varying H rather than T, the scaling law, which was proposed by Fisher [14], could not be applied to identify this
being a glass-to-liquid transition in the magnetic vortex system. However, a preliminary measurement of the E-J
curves of a Bi(2223)Ag tape at H -- 0.4 T as a function of temperature exhibits the scaling by
1_= (E / J)(1 - T / T,) u(l-'_ and J = (J / T)(1 - T / TI)-2u with reasonable scaling exponents, _ and z and the
transition temperature Tg. Thus, it strongly suggests that the transition in the V-I curves as a function of H shown
in Figs. 1 and 2 is one of the manifestations of the glass (solid)-to-liquid transition. Another interesting
observation, which can be made from these figures, is that the E-J curves below the transition field H. are well-..,. i . i

described by an expression E ~ exp [-(Jo/J)l_],where I.tand Jo are constants, which are predicted by both Fisher s
scaling [14] and the collective pinning theory [15]. These above observations strongly suggest that the dissipative
voltage measured in these tapes are primarily due to the motion of the vortices in the m'ains rather than from the
weakened grain boundaries. A further support for the above argument is found in the-angular dependence of
Jc(0,H). As previously shown [5,7-9], Jc(0) scales with the perpendicular component of applied magnetic field as
suggested by Tachiki and Takahashi [16], and this is consistent with the observed voltages being due to the
intragranular vortex motion.

Although the above observations may suggest that the limiting factor for J¢ in these composites is the strength of the
intragranular vortex pinning, it is also well known that the weakness in the grain boundary coupling for current-
transport is the major problem of these conductors. This is often exhibited in drastic decreases m JcffI) of these
conductors as small magnetic field is applied at elevated temperatures. One of the convenient ways to measure the
relative amounts of the weakly coupled grain boundaries in a conductor is to measure the critical currents for the
increasing and the decreasing portion of a magnetic field excursion [17]. If the weak pinning regions are present, a
hysteresis in It(H) is observed. This is due to the fact that the effective magnetic field at the weak regions are not
the same for both portions of the field cy_.le [18-20]. Examples of such measurements are shown in Figs. 3(a) and
3(b) for Bi(2212) and Bi(2223) composite tapes. Comparing the sizes of the hysteresis, one concludes that the
fraction of the weakly coupled region, e.g. high angle grain boundaries, is very small for the Bi(2212) while it is
substantial for the Bi(2223) tapes. Thus, the limiting factor for J¢ in the Bi(2212) tapes are likely to be the
intragranular vortex pinning strength, particularly at temperatures above ~27 K. On the other hand, J¢ for the
Bi(2223) is limited by the amount of the weak and non-superconducting areas, particularly at low temperatures.

The above two different measurements, the V-I curves and Jc(H), for Bi(2212)/Ag provide a consistent picture for
the source of dissipation and the limiting factors for Je since the intragranular vortex motion leads to the dissipative
observed voltage, and thus, limits J¢. However, those for the Bi(2223) tapes appears contradictory, e.g. the voltage
is from the grains, but the weakness at the grain boundaries limits the values of J¢. This apparent contradiction is
due to the fact that one is accustomed to a view where the grains are connected in a series with the weak regions
separating them. However, this is not likely the case. Rather, there are two types of the grain boundaries (or
regions), the weak and the strong ones, and these are connected in parallel. At a given H and T, the increasing
transport current beyond the critical current of the weak regions is shunted to the regions with the strongly connected
grains. Thus, the V-I curves are due to the intragranular vortex motion and the f'n'st stage limitation for Jc is the
relative fraction of the strong and the weak region in the Bi(2223)/Ag composite tape.
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Fig. 3 Hysteresis in critical current densities as a function of applied magnetic field at (a) 4.2 K and (b) 27 K for
Bi(2212) and Bi(2223) tapes are shown.
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