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Characterization of Individual Filaments
Extracted From a Bi-2223/Ag Tape

Olaf van der Meer, Xueyu Cai, Jianyi Jiang, Ron D. Parella, Yibing B. Huang, David C. Larbalestier,
Bennie ten Haken, and Herman H. J. ten Kate

Abstract—Previous studies suggest that there is a significant  Previous studies suggest that there is a significant variation
variation in both shape and physical properties from filament to  from filament to filament in a multiflament superconducting
filament in a multifilament superconducting Bi-2223/Ag tape. We Bi-2223/Ag tape. In [1] all the filaments from a 7-filament tape
are investigating this variation for a tape with a high critical cur- . . . .
rent density (J..). were mvespgated. Among oth_er things, phase_purlty and te_>§ture

For this study, we extracted all the filaments from a specially Were studied by x-ray diffraction analysis, while the transition
prepared high-quality tape havingJ . (0T, 77 K) = 45 kA/cm? with  temperature{.) and critical current density.Ji) were mea-

19 disconnected filaments. By attaching current leads and voltage sured and calculated from magnetization measurements. Cai
taps to tl?e fi][azr?)gngsé we are able to measure electrical properties gt 5 performed electromagnetical measurements on filaments
on a scale o —-30@m. . . .

The experiments st?ow a large variation in filament properties. by attaching current and_ voltage Ie_ads [2].In thIS. eXper'ment not
The conductivity of a filament at room temperature is proportional ~ the complete cross section of the filaments was investigated, be-
to its critical current density J. at 77 K (self-field) and filaments cause approximately half the filament was cut away, in order to
with a higher transition temperature T'. do also show a higher prevent burn-up.

%]Ic. There is also a variation in the magnetic field behavior of the In this contribution. the filaments of a hlgh_quallty 19-fila-
ilaments. S . .

SEM pictures of the filaments also show large variations. The MenNt tape are studied. This tape was produced using a standard
filaments from the center of the tape, which are thinner and have Process. Detailed SEM analysis on several filaments was done,
a larger aspect ratio (and thus a larger silver-filament interface), in order to investigate grain structure, grain alignment and the
show better grain alignment and fewer impurities than filaments  gmount of secondary phases/holes. SEM analysis has been per-
from the edges. formed on both the top view of the filaments and their transverse

Index Terms—Bi-2223/Ag tapes, characterization of filaments, cross section.

distribution in tape properties, SEM analysis. Also the electromagnetical properties of the filaments were
studied. This was done as a function of the position of the fila-
I. INTRODUCTION ment in the tape. The resistivity of the filaments has been mea-

sured from room temperature down to the transition tempera-

I N APPLICATIONS like power cables, transformers, motorgre The voltage-current characteristics have been measured in
and generators, superconducting tapes can be used. T endicular magnetic field from 0 to 200 mT.

tapes, produced by the powder-in-tube method, consist of SeVThe relation between the resistivity of a filament at room
eral B, Sr,C&,Cu;0, filaments, embedded in a silver matrix. emperature and the critical current density (self-field, 77 K)

During the production process of such a tape, it is exposggds heen analyzed. In [3] several monofilamentary tapes were
to several mechanical deformation steps. The originally rougf,gied and it was found that if these two quantities are mul-
wire is transformed into a tape, by several drawing and rollingjieq, a constant value is found. In our experiments, qualita-

steps. Due to these mechanical deformations, the propertieg\af}y the same results have been found, although the constant
the filaments are not uniform. In the central part of the tape (thisgifferent.

is the most deformed part), the filaments are usually wider and

thinner than at the edges.

Il. EXPERIMENTAL DETAILS
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Wide filament\w = 400 pum

Fig. 2. Optical photograph of a prepared filament. Gold wires connect tt
filament to a bonding spot (silver epoxy) from which thicker silver wires connec
the sample to external circuit.

aspect ratio between approximately 10 and 40. The area of 1
cross section of the filaments is approximately 17@ for all LTT CLa:
filaments. b i N 0 \ X +— 30 ym —

B. Preparation of the Samples Fig. 3. SEM image of two different filaments. This is a top view of two

. gIilaments: a narrow filament from the edge of the tape and a wide filament
A piece of several mm long tape was cut under a small angf@m the central part. Also a region of each filament is magnified.

Due to this angle the filaments from one side of the tape are

longer than the filaments from the other side. All the 19 fila- The DC vol h istics of the fil
ments from this piece were extracted by dissolving the silver ' € voltage-current characteristics of the filaments were

sheath in a NHOH/H,O, solution. From the length of the ex.Measured at liquid nitrogen temperature (77 K), also using the

tracted filament it is known whether the filament was located fr‘?”?‘pf"”t technique. An electromagnefc was used to cre_ate mag-
the left, the central or the right part of the tape. By comparir%enc_f'e'ds up to 209 mT. The magngtlc field was applied per-
the cross section of an extracted filament, with the cross sect gp(_hcular to the wide face of the filaments (parallel to the
of the tape, each filament was identified uniquely. c-axis).

After the silver is etched away and the filaments are identi- The voltage criterion used to determine the critical current

fied, it is possible to prepare the filaments for electrical chara&]gns!ty ('js 1uVicm. In high maﬁnetlc f'ﬁld’ Lhe cr|t|c_a| .curre;t
terization. The surface of the filament is cleaned by acetic ac nsity decreases exponentially [4]. The characteristic figl

in order to lower the contact resistance between the current |e§dgef|ned by:
and the filament.

The filament is placed on a sapphire substrate. On both sides

old current leads (12.pm diameter) are attached to the fil- N - e

gment using silver (epogy (Fig. 2). T)hese current leads are t_For the determination aoff,,, the critical current densities in
tached to both the top and bottom of each filament to proviﬁle region between 70 and 200 mT were used.
a symmetric current feed into theb planes. Between the cur-
rent leads three voltage leads are attached to the filaments. This Ill. SEM Stupy
enables us to measure two separate sections of approximatelyig. 3 shows a top view of two different filaments. The upper
200-300um. filament is a narrow filament from the edge of the tape and the

The gold current and voltage leads are connected, viaower filament is a wide filament from the central part of the
bonding spot (silver epoxy) to 5@m silver wires. These tape. The scale for both pictures is the same. In the bottom of
silver wires connect the sample to the external circuit fahe figure, a more detailed part of both pictures is shown. These
measurements. two pictures have the same magnification.

In the narrow filament fewer black spots are observed than
in the wide filament. EDS shows that these black spots are sec-
Resistivity versus temperature measurements of the filameatglary phases [(Ca,S8u0; and CuO], so they are not super-
were performed in vacuum. The resistance was measured usinogducting. However, although the amount of secondary phases

a standard four-point technique with a bias current of 2B0 is less for the narrow filament, the individual spots are larger.

J, oc e H/Hy, Q)

C. Measurement Details
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Fig. 4. SEM image of the cross section of the tape. A filament from th
edge and two central filaments are shown. Of both filaments a more detailg g z &
photograph is shown. % 100 104 108 12 116

] ) Fig.5. Resistivity versus temperature measurements on six different filaments.
This means that they locally have a larger influence on the totgdasurements have been performed from approximately 115 K down to the

superconducting area and thus on the critical current densityiransition temperature.
From the detailed images in the bottom of the pictures it can

be concluded that the grain alignment in the wider filament is TABLE |

better than in the narrow filament. In the image of the narrow RESULTS FROM FILAMENT MEASUREMENTS
filament “shadow” lines between grains can be observed more

clearly. This means that the angle between the different grains J@0mT J@100mT p@300K pf,
is larger than in the case of the wider filament. Filament Ik A/cmz] [kA/em] [ e [mTp]

Fig. 4 shows the transversal cross section of different fila-

ments. The upper image shows a narrow filament from the edge 1 35 0.73 30 91
of the tape, the lower image shows, on the same scale, two widel 5 50 11 072 95
filaments from the center. A more detailed part of both images 6 18 3.7 15 111
is shown in the middle of the picture. 8 X 76 1.0 115

The detailed images in Fig. 4 show a relatively nice layer of 9 30 40 087 88
well aligned grains with little secondary phases or holes is seen 17 63 0'72 3 4 86

close to the silver-filament interface. In the central part of the
narrow filament a lot of poorly aligned grains can be seen. Also
a lot of spots with secondary phases and holes are observed. This

is in contrast to the central region of the wider filaments, which Filaments 1 and 17, which are located at the edges of the

has, just like the region close to the interface, relatively w e (see Fig. 1), have a high resistivity at room temperature.
aligned grains. These filaments have a larger silver to filam eir T, is low, 101.0 K and 104.5 K respectively. The other
interface and the distance between the silver interface and E%re éentrall)’/ Ioce;ted) filaments have a higter of about

central part of the filament is much smaller. _ 105.0-105.5 K. They also have a lower resistivity at room
From the SEM images it can be concluded that the wider a%perature

thinner filaments from the central part of the tape are gener-
ally better aligned and smaller regions of secondary phases @wd
holes. These filaments have a larger silver to filament interface.
Close to such an interface a relatively good aligned region is al-The relation between the critical current density of the fila-
ways observed, also for the narrow and thicker filaments, whisients and the applied magnetic field is shown in Fig. 6. These
have a much less aligned region in the central part. measurements have been performed in liquid nitrogen in order
to supply for sufficient cooling to prevent burn-out. The best
filaments (numbers 5 and 8, which are in the central part and
IV. ELECTROMAGNETICAL MEASUREMENTS close to the surface) have a critical current density that is almost
a factor 2 higher than the filaments 6 and 9 (from the interior
part). Filament 9 has in the low field regime a highkrthan
In Fig. 5 the resistive transition of several filaments is showfilament 6, but due to a loweft,,, the two filaments have a com-
The filaments have been cooled down in vacuum from rooparable/. at higher magnetic field.
temperature to the transition temperature. The resistance waEilaments from the edges (with the lowest critical tempera-
measured using a current of 2a@\ through the filament. The ture) also show the lowest critical current densities. This critical
transition temperaturé, is determined at the point where nocurrent density is a factor 8—10 lower than for the best filaments.
measurable voltage was observed. Room temperature resistivirhe behavior of all the filaments in the field region between
ties are shown in Table I. In the region between 116 K and 300 KQO and 200 mT is very similar. There is a spreadfinvalues
the increase in resistivity is almost linear in temperature. ~ from approximately.o H, = 85 to 115 mT. As already pointed

Critical Current Density Versus Applied Magnetic Field

A. Resistivity Versus Temperature
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Fig. 6. The critical current density as a function of the applied magnetic fiel g 0.05 010 015 0.20
for several filaments. The magnetic field is applied perpendicular to the filament
surface. Fig. 7. Relation between the critical current density at 77 K (in self field)

and the resistivity of the filament at room temperature. Also the results from

o - ) i tudy [3] are included.
out, this is best seen in Fig. 6 for the filaments 6 and 9, whefé /o1 S y [3] are include

the curves cross each other due to diffetptvalues.
V. CONCLUSION

C. Relation Between Resistivity and Current Density There is a large variation in properties of filaments extracted

In Fig. 7 the resistivity of the filaments at room temperaturgom one single tape. In a tape, there are wider, thinner and nar-
is plotted as a function of the inverse value of the critical Curower, thicker filaments present. From SEM images it can be
rent density at liquid nitrogen temperature. Grastsal.found a concluded that there is a well aligned region of grains, close
linear relation between these two quantities. In that experimegtthe silver interface. Images from the top view show that this
several monofilamentary tapes from the same initial compounglignment is better in the wide filaments. Far from the interface
but with different heat treatments/rolling steps were used [3here is a much less aligned region, with lots of secondary phases
These results are also shown in Fig. 7. and holes. Because the filaments from the edge of the tape are

In our measurements a linear relation is also observed, ficker, there is more material far from the interface. This means
though our line does not fit on the Grasso line. This means thght these filaments are the most affected ones.
there is no “universal” line on which any filament fits. Filaments Electrical measurements show that the filaments from the
from our experiment with a certain resistivity have a higiier central part, which have better aligned grains, also have better
than those of the Grasso study with the same resistivity.  electromagnetical properties. A clear correlation between

The relation between the resistivity at room temperatutgansition temperature, critical current density and resistivity
and the critical current density can be understood as follow§:shown. There is no clear correlation between the behavior
a filament with low resistivity at room temperature has, bi higher magnetic fields, characterized Hy, and any other
definition, good conductivity. This means that the grains aggarameter.
well connected. This good connectivity is also present in the
superconducting state. So thigat 77 K is also high. REFERENCES
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