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Abstract. A simple and reliable method for determining the critical current of a HTSC tape
is a non-contact method based on capturing the magnetic flux by a closed superconducting ring
made of this tape and measuring the magnetic field in the center of the ring with a field sensor.
This method also makes it possible to obtain the dependence of the critical current on the mag-
netic field by applying a magnetic field locally on a small section of the tape. A local magnetic
field can be created using strong permanent magnets, which also makes it possible to apply
the field at different angles relative to the plane of the tape and to determine the anisotropy of
critical currents. Using this method, experiments were carried out on rings made of a SuperOx
HTSC tape at T = 77 K and in a magnetic field up to 4 kOe. The values obtained for the
anisotropy of critical currents are in good agreement with the data given by the manufacturer.
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AnHoranusa. IIpocThiM UM HaAeXHBIM METOIOM OIIPEACNICHUs] KPUTHUYECKOro TOKa
BTCII-neHTs sIBsieTCs O6CKOHTAKTHBIN METOJI, OCHOBAHHBII Ha 3aXBaTe MarHMTHOTO MMOTOKA
3aMKHYTBIM CBEPXITPOBOISIIINM KOJBIIOM M3 3TOW JICHTHI M M3MEPEHWM MAaTrHUTHOTO ITOJIS
B IICHTPE KOJIblLIA MAaTYMKOM ITOJISI. DTOT METOH TaKKe IMO3BOJISIET TOJIYYWUTh 3aBUCHUMOCTH
KPUTUYECKOTO TOKA OT MAarHUTHOTO TIOJISI MYTEM JIOKAJIbHOTO MPUJIOKEHUSI MAaTHUTHOTO TTOJIST
K HeOOJIBILIOMY YYacTKy JIeHTbl. JIoKajbHOE MArHMTHOE I10JIe MOXKHO CO3[aThb C IIOMOILBIO
CMJIBHBIX ITOCTOSIHHBIX MarHMTOB, YTO TaKXe IO3BOJISICT MPMKJIAAbIBATH I10JIC MOJ Pa3HbIMU
yIjiaMM OTHOCHUTEJIIBHO TIUIOCKOCTM JIEHTBI M OIpPEAe]sITbh aHU30TPONMUI0O KPUTUUECKMX
ToKOB. C MCITOJIB30BaHWEM 3TOTO MeToma OBUTM MPOBEACHBI SKCIIEPMMEHTHI Ha KOJbIaX W3
BTCII-nenTsr SuperOx ipu T = 77 K u B MarauTHOM T10J1¢ 10 4 KO. [lonydyeHHBIC 3HAUCHMS
AHU30TPOIMH KPUTUUECKUX TOKOB XOPOIIIO COTJIACYIOTCS C TaHHBIMH ITPOU3BOIUTEIIS.

KmoueBbie caoBa: cBepxmnpoBoaumoctb, BTCII, kpuTuueckuii TOK, aHU30TPOIMMUS, 3aXBaT
MarHUTHOTO TTOTOKa
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Introduction

Progress in the creation of second-generation HTSC tapes has led to the industrial production
of tapes with high critical currents at nitrogen temperature [1]. The tape manufacturers typically
determine critical currents by measuring the magnetic field created by the current over the tape.
This method makes it possible to obtain data on the homogeneity of the critical current along the
length of the tape; however, the absolute values of the critical currents with this approach are not
determined accurately enough due to the strong inhomogeneity of the current field near the tape.
To calibrate the measuring system, it is necessary to measure periodically the critical current by
the direct 4-probe method [2]. Additional difficulties arise when measuring critical currents in
tapes in a large magnetic field, when a small current field is measured against the background of
a large external magnetic field [3].

A convenient method for estimating critical currents and their anisotropy in HTSC tapes is
a non-contact method based on the measurement of the magnetic field captured in a ring made
of a tape [4]. When a magnetic flux of sufficient magnitude is created inside the ring using
permanent magnets or an electromagnet and then this flux is reduced to zero, the magnetic flux
created by the critical current is captured in the ring. The field of this current is measured in the
center of the ring by a Hall sensor. This method makes it possible to obtain accurate values of the
critical current, since the current field in the center of the ring is sufficiently homogeneous. At
the same time, the anisotropy of critical currents in small fields can be measured using a system
of permanent magnets. Since the critical current decreases with increasing magnetic field, it is
enough to apply the field on a small section of the tape and then the critical current of the ring
will be determined by the critical current of this section. For a number of technical applications,
such as power lines or current limiters, it is essential to know the dependence of critical currents
on a magnetic field of small magnitude (about 200 mT) when the magnetic field is oriented along
and across the tape plane. The anisotropy of critical currents in HTSC tapes is connected with
the significant anisotropy of the ReBCO compound itself and with the shape anisotropy, when
the role of the surface is significant in the parallel orientation [5]. The relative influence of these
two effects may vary from manufacturer to manufacturer, so it is important to have a simple and
reliable method for estimating the magnitude and anisotropy of the critical currents of a particular
HTS tape.

To avoid problems with creating a ring by soldering, one can create a ring using the following
method: make a slit lengthwise of the HTSC tape, not reaching the edges of the tape, push the
resulting half-width strips apart and fix the resulting ring on a light and rigid dielectric ring. Such
a ring will not have weak points, as in the case of soldering or other connections, this ring will
have a continuous HTS layer. By increasing the magnetic field through the superconducting
ring, a current arises, which creates a flux opposite to the applied one. The magnitude of the
counter magnetic flux is limited by the magnitude of ring critical current. By measuring the field
at the center of the ring associated with the maximum trapped flux, we can determine critical
currents with high accuracy. This method was used both to determine the critical currents and the
relaxation of the critical current with time [6]. This method makes it possible also to determine
the dependence of the critical current on the field applied normally or parallel to the plane of the
strip. Since the critical current decreases with magnetic field increasing, it is sufficient to apply
a magnetic field only on a local section of the tape, and then the total critical current will be
determined by the critical current of this section. To create a local magnetic field, it is sufficient
to use permanent magnets, which can be placed along or across the plane of the tape.

Materials and Methods

Experiments were carried out on rings made from SuperOx HTS tape, 4 mm wide, with the
critical current value at 7= 77 K declared by the manufacturer 170 A.
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To estimate the critical current of the tape, preliminary experiments were carried out to
measure the magnetization M of a square piece of tape (4x4 mm) by VSM magnetometer in a
transverse field at 7= 77 K. In the Bean model, there is a simple relation between the critical
current and the width AM of the major magnetization loop [7]:

J.= (3d/a)AM,

where d is thickness, a is the side of the square, AM is magnetization hysteresis width. The critical
current calculated from the hysteresis of the magnetization curve at H = 0 was 71 A. This value
of the critical current is slightly less than the expected value 170/2=85 A. Considering that the
used formula underestimates the J_ values by about 15 percent in the region of small fields [7], we
obtain good agreement between the calculated and declared J, values.

Results and Discussion

For the ring experiments in a piece of HTS tape 10 cm long, a cut was made with a diamond
disk 7 cm long, not reaching the edges of the tape (Fig. 1, b). The magnetic flux inside the ring
was introduced using a solenoid located in the center of the ring. The local magnetic field was
created by two permanent NdFeB alloy magnets located opposite each other closer to the cut edge
(Fig. 1, a). The distance between the magnets (i.e. the magnitude of the magnetic field in the gap)
and the orientation of the magnetic field relative to the plane of the tape could be controlled by
a mechanical device from outside the liquid nitrogen container. The measurements were carried
out at liquid nitrogen temperature (7'= 77 K), i.e., below the critical temperature of the HTSC
(T, = 90 K). To measure the field, a Hall sensor installed at the center of the solenoid was used.

a) b)

Hall Sensor

Fig. 1. Schematic representation of the design for measuring the critical current of the HTSC ring (a),
photo of the HTSC ring (b)

Solenoid

HTSC tape

First, the ring critical current was measured
at H = 0 (without permanent magnets). It
was found that, starting from a certain value
of the external flux, the captured magnetic
field (after the removal of the external flux)
remained constant and equals to 4 mT. For the
used ring with a diameter of 3 cm, this field
corresponds to a current in the ring of about
100 A, that is higher than the expected value

YBCO

1,00 T=77K
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. 85 A. Considering that the declared by the
manufacturer J, value is the smallest local value
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tape, the J, values can be higher.

Fig. 2. Magnetic field dependence of critical

current for SuperOx YBCO tape at T = 77 K.

Magnetic field direction is along tape (H | ab)

and normal to tape (H | c). Bold lines — data

from [8], asterisks — our data obtained by non-
contact method
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Using the permanent magnets the Jc values
were measured at magnetic field direction
along tape (H || ab) and normal to tape (H || c)
(Fig. 2, asterisks) at a few magnetic fields and
T = 77 K. The bold lines on Fig. 2 represent
data for another SuperOx tape provided by the
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tape manufacturer [8]. One can see good qualitative agreement between the two datasets. Thus,
the trapped magnetic flux method is an express method for measuring the dependence of the tape
critical currents on the value and direction of the external magnetic field.

Conclusion

In the course of this work, the critical currents of the SuperOx HTS tape were measured by
non-contact methods. The first method consisted in measuring the magnetization curve with a
vibrating magnetometer and then converting the magnetization into a critical current using the
equations. This method gives a discrepancy with the actual values by 15 %.

Another method of non-contact measurement of the critical current is to measure the trapped
flux of a ring made from HTSC tape. The declared by the manufacturer J, value is the smallest
local value of the critical current of a long tape, it can be expected that in individual small pieces
of the tape, the J, values can be higher.

In addition, this method makes it possible to measure the anisotropy of the critical current if a
magnetic field is applied locally to the section of the ring. The values obtained for the anisotropy
of critical current are in good agreement with the values obtained by the manufacturer.
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