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Flux patterns of multiflamentary Ag-sheathéBb,Bi),Sr,CaCu;040,. s tapes comprising 19
filaments are visualized by means of magneto-optic imaging. In low fields, the shielding currents are
seen to flow mainly in the outermost filaments. With increasing external magnetic field, the inner
filaments also contribute to the current flow. To compare the local flux distribution with the integral
magnetization values, magnetization loops are measured by a SQUID magnetometer on the same
sample following the fields used in the magneto-optic imagind 20 mT) and covering fields up

to =5 T at various temperatures. The magnetization loops also reveal that the multiflamentary tapes
show the anomalous position of the central peak, but always less pronounced than in
monofilamentary tapes. @998 American Institute of Physids$s0021-8978)53111-§

The  Ag-sheathed  multiflamentary tapes of mT) was used. The images are recorded using an 8-bit
(Pb,Bi),Sr,CaCu30;4, 5 (Bi-2223 are an important devel- Kodak DCS 420 CCD digital camera and subsequently trans-
opment towards the practical use of highsuperconductors ferred to a computer for processing. In the MO apparatus the
for power applications. These tapes show an improved mesample was mounted on the cold finger of an optical helium
chanical stability and strain tolerance as compared tdlow cryostat:* The magnetic field was applied perpendicu-
monofilamentary tape's.For the development of Bi-2223 lar to the tape plane using a copper solenoid coil with a
multifilamentary tapes in long lengths it is very important to maximum field of+120 mT. The MO images presented here
control the defects introduced into the filaments during theare maps of the component of the local magnetic field, .
deformation processes or during the formation of the super- The multifilamentary Bi-2223 taped9 filament$ were
conducting phase, as defects within the filaments may altgprepared by the “powder-in-tube™ method with subsequent
or even impede the current fldwFurthermore, magnetiza- drawing_and rolling” One piece with dimensions 5
tion measuremerts® on tapes revealed an anomalous posi-<3 MN? cut from the tape was used for both the magneti-
tion of the low field or central peak, which is caused by stray?ation measurements and the MO imaging. The magnetiza-
fields at the grain circumferenc&&.To understand the mag- 10N 100ps (MHLs) were recorded using a Quantum Design
netic properties of such multiflamentary tapes, it is impor-MPMS5 SQUID magnetometdmax. = 5 T); with Beyl

tant to study in detail the flux entry, exit, and pinning within @P€ Plane.
the various filaments. This task requiremeal investigation
technique, as the properties of a single filament are masked

by the neighboring ones in an integral measurement. Here, 0.10
we employ magneto-optidMO) imaging/ which can be car-

ried out using an intact tape, i.e., the visualization of the flux 0.05
structures is donthroughthe silver sheatf® In earlier work —_

on Bi-2223 mono- and multifilamentary tapes using MO im- E 0.00
aging, the flow of transport currents was visualizé@iThe °

MO imaging technique is based on the Faraday effect in a £ -0.05

magneto-optical active layer. Here, we have used a Bi-doped
YIG film with in-plane anisotropy with a thickness ofim, -0.10

half of which corresponds to the spatial resolution of our [
experiment. In order to obtain images with a relatively high
contrast, an indicator film with a high field sensitivity- (0.1 B, [T]

FIG. 1. MHLs measured on the multifilamentary tape at various tempera-
dpresent address: SRL/ISTEC, 1-16-25 Shibaura, Minato-ku, Tokyo 105tures 5(outer loop), 10, 15, 20, 30, 40, and 50 &nner loop. The anoma-
Japan; electronic mail: koblischka@istec.or.jp lous position of the MHL maximum is indicated by a dashed line.
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FIG. 2. The peak positiorB,,.x, as a function of temperature for the mul-
tiflamentary tape @) and a monofilamentary tapé\( from Ref. 5.

In Fig. 1, MHLs are presented in the temperature range
5K=T=<b50K. It is also clearly visible that the multifila-
mentary Bi-2223 tapes exhibit the anomalous position of the
central peak like monofilamentary tapes. The position of the
maximum,B ., IS plotted in Fig. 2 and compared to data of
a monofilamentary tape. At low temperatures, the maximum
position increases considerably, but is always found to be
less pronounced than that of the monofilamentary tape.

Figure 3 presents a MHL measuredTat 18 K, using
the same field steps as in the following MO experiment. For
comparison, a full magnetization curve is shown. The posi-
tions, where the MO images are taken, are marked using
open circles. In this way, a direct comparison of MHL data o o

. . FIG. 4. Polarization image of the tage) and flux patterns of the virgin
and the MO flux patter_ns becomes p0_53|_ble. In all MO _Im'branch(l); (b) 12 mT,(c) 30 mT, and(d) 45 mT. The marker irtb) is 2 mm
ages presented in this paper, flux is imaged as brightong.
whereas well-shielded areas stay dark.

Figure 4a) shows a polarization image of a cross section
of our tape. Flux patterns obtained in increasing external i .
field after ZFC(virgin branch, } are presented in Fig. 4. In ther (c),(d), more and more filaments contribute to the cur-

Fig. 4(b), flux enters the sample like in a homogeneousrem flow. The filaments in our short sample are quite
sample(see, e.g., Ref.)7 the edges of the outermost cores uniformly penetrated by the flux. Previous observations on
are marked by arrows. Only the outermost filaments are cod®N9er sections of multifilamentary tapes have shown that

tributing to the current flow. When increasing the field fur- wh_en cu_rrent_s encounter a defect, thgy may switch into a
neighboring filament, and after some distance, they may re-

turn to the original oné?® This shows that the filaments in
the tape are magnetically coupled together.
T ; ' In Fig. 5, we show flux patterns on the return brafith

— 5o In Fig. 5a), a nearly homogeneous flux pattern is obtained
o,os/ 50 ] and individual filaments cannot be resolved. On further re-
_ 5a duction of the field(b),(c), the filaments reappear and carry
g | — _E;ght-sﬁem :WSter:ASiOs loop (up to 5T) I pranch |l pinnEd flux. . . .
2 o0 *_ points analogue MO experiments \ In the remanent state Fig(d, flux remains trapped in
e ' \\ the center of each individual filament. However, no vortices
\ of opposite polarity can be detected in the remanent state as
|

oosl = : branch | in the case of monofilamentary tapén the upper part of the
005} " ] . o
V/ sample, a broad dark stripe can be seen which is the result of
. X 4d . field overlap between two different filaments as discussed in
-150  -100  -50 0 50 100 150 Ref. 9. The position of the maximum in the MHL corre-
B, [MT] sponds to a flux pattern like the one presented in Fig)..5
FIG. 3. MHLs measured &= 18 K. The minor loop is obtained using the This does n.Ot cprrespond to a minimum ampunt of fluxin the
same field steps as in the MO experiment. The positions of the image§_amplea which is ree_‘Ch_ed (_)nly When app!ylng asma” nega-
shown in Figs. 4 and 5 are marked by open circles. tive field. The flux distributions within a single filament are
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FIG. 5. Flux patterns of the return bran@h); (a) 45 mT,(b) 30 mT,(c) 12
mT, and(d) remanent state. The marker is 2 mm long.

found to be quite uniform. In contrast to this, most monofila-

Koblischka et al.

the anomalous position of the central peak in the MHAs

the grain coupling is improved along the silver sheath, this
effect is not so strongly developed in the multiflamentary
tapes. As a result, the peak is also shifted towards positive
values, but much less pronounced as in the case of monofila-
mentary tapes.

In conclusion, we observed the anomalous central peak
also in multifilamentary tapes, but always less pronounced
than in monofilamentary tapes. Magneto-optic flux patterns
reveal a quite uniform flux distribution within the filaments
even at low temperatures which is a consequence of better
grain growth and coupling along the silver sheath. This may
be the reason for the less pronounced anomalous peak in
multifilamentary tapes.
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