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Fig.1 Schematic diagram of the KAGRA’s cooling system.
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Fig.2 Schematic diagram of the experimental setup.
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Table 1 Specifications and test conditions

HTS demonstration under

actual power grid Pre-performed test
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Type Stirling refrigerator (Target)

Ref. Cooling capacity 850 W 5,000 W
CoP 0.05 0.1
Maintenance interval 8,000 hour 30,000 hour
Pressure 200 kPaG

LN2 .
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condition

Temperature 67 — 80 K
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Table 1 Composition and 7; values of single crystals

Nominal x | Analyzed x 7.(K)

0.06 0.044 12.5

Ba(Fe, ,Co,),As, 0.10 0.075 23.3
0.15 0.116 12.2

BaFe,(As, P, 0.35 0.35 28.8
SrPe,(As, P, 0.35 0.28 32.9
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Fig.1 XRD patterns for the Fe(Te, ,Se, ) 4 precursor and powder
inside FeTe, ,Se,; tape annealed at 400-600 C. The
symbols of “T” and “H” indicate the peaks of the
tetragonal phase and hexagonal phase, respectively.
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Fig.2 Temperature dependence of zero—field-cooled (ZFC)
and field-cooled (FC) magnetization of the obtained
tapes core for 7, = 400-600°C and kept for 1h.
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Analysis of trapped fluxoids in FeSe,;Te, 5 thin film deposited on a CaF, single

crystalline substrate by scanning SQUID microscopy
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1. Introduction

Though the behavior of fluxoids in a mesoscopic scale is one
of the most important issues from both fundamental and
engineering point of view, it is not yet well clarified in
iron—based superconductors. In this study, we carried out
direct observation of trapped fluxoids in FeSe,;Te,; epitaxial
thin film using by a scanning SQUID microscopy (SSM).

2. Experiment details

FeSe,;Te, ;s epitaxial thin film was deposited on CaF, single
crystalline substrate by a pulsed laser deposition method.
Trapped fluxoids in the film were observed by using ag 10 um
pickup coil coupled with SQUID sensor which measures the
perpendicular filed to sample surface. In order to investigate
the temperature dependence of trapped fluxoids, the sample
temperature was controlled from 3.3 K to 16.5 K. The local
critical temperature (7)) of the film was estimated to be 16.3 K
where trapped vortices disappeared, whereas the 90% of
resistive transition onset temperature was 17.4 K.

3. Results and discussion

Figure 1 shows the magnetic filed distribution on FeSe;Te

thin film at 3.3 K. Each white dots correspond to single fluxoid.

From the magnetic field distribution of sigle fluxoid, we have
estimated the in—plane mannetic penetration depth AZin sigle
fluxoid. Figure 2 shows the comparison between the
experimental results at 3.3 K and the theoretical calculation
estimated from magnetic analysis [1]. The Ain the single
fluxoid (A) in Fig.1 was 445 nm. From the temperature
dependence measurements of single fluxoids, we obtained
temperature dependence of £. Figure 3 shows the temperature
dependence of superconducting carrier density based on
estimated magnetic penetration depth. The experimental
results shows good agreement with analytical one (solid line)
which is calculated by s+s— wave two—gap model [2]. The
details of analysis on magnetic penetration depth and
temperature dependence of carrier density will be discussed.
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Fig. 1. Trapped fluxoids on FeSe,;Te; thin film at 3.3 K. The
fluxoids was clearly observed.
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Fig. 2. Comparison between the in—plane magnetic signal of
the single fluxoid (denoted A) and the theoretical calculation.
The magnetic signal shows good agreement with the
theoretical one.
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Fig. 3. Temperature dependence of superconducting carrier
density in FeSe,5Te, 5 thin film. Our data is well fitted with the
multi—gap model.
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High critical current density obtained in Ba-122/Ag tapes by cold deformation process
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1. Introduction

The recently discovered iron based superconductors of
K-doped Ba(Sr)122 are most potentially useful for high field
applications due to their high critical current temperature (7,)
value of ~39 K, upper critical field (H.,) of over 50 T and
relatively small anisotropy. However, understanding how to
further improve J, in Ba(Sr)122 by process optimization is still
quite limited because we still lack a clear picture about the
relationships  between processing, microstructure, and
superconducting properties. An understanding of the influence
of mechanical deformation on the microstructure and
superconducting properties will accelerate the development of
appropriate process and further improve the transport J. of the
Ba(Sr)122 wires. In this work, a comparative study was carried
out between pressing and rolling mechanical processes. The
variations in grain alignment, core density, microstructure and
J. in the tapes were systematically investigated. We found that
the uniaxial cold pressing is very useful to achieve the practical
level J. in applied magnetic fields.

2. Samples and experiments

Bal22 tapes were fabricated by an ex-situ powder-in-tube
(PIT) process. The details of fabrication process were
described elsewhere [1]. The transport current /. at 4.2 K and
its magnetic field dependence were evaluated by standard
four-probe method. Magnetic fields up to 12 T were applied
parallel to the tape surface. We carried out mechanical
polishing using emery paper and lapping paper, and then Ar
ion polishing by cross section polisher to observe the surface
morphologies of the tapes precisely. After the polishing, we
performed scanning electron microscopy (SEM) observations
using a SU-70 (Hitachi Co. Ltd.).

3. Experimental results and discussion

Fig. 1 presents the field dependent transport J.. of rolled and
pressed tapes. The inset is the cross-section of the tape. The
figure clearly shows that the transport J.. significantly increases
when reducing the rolling thickness. The J. achieved maximum
value of 4.5x10°A/cm* at 10 T in the 0.26 mm thick tapes.
However, it is worth noting that further improvement in J.
values was achieved by the application of uniaxial pressing.
All pressed tapes show a very weak field dependence as
observed in the rolled tapes and the J, well over 5.0x10* A/cm?
at 10 T, indicating that a high J. is obtained with good
reproducibility. At 4.2 K, the J. reaches a high value of
1.1x10°A/cm” in 2 T, which exceeds the practical level of
10°A/em®. The J.-H curve shows extremely small magnetic
field dependence and keeps a high value of 7.3x10*A/cm? in
10 T. Even for the seven-filamentary tape, it still sustains a J,
as high as 5.3x10* A/em® at 10 T. Those J, values are the
highest ever reported for the iron based superconducting wires
so far, and highlight the importance of uniaxial pressing for
enhancing the J. of iron based superconductors.

Figure 2 exhibits the typical SEM images of the polished
surface for the rolled and pressed tapes. The observation was
carried out on the tape plane of the tapes. It can be seen that
although the rolling can reduce the voids and improve the
density of Bal22 core, the microstructures are still porous and
quite inhomogeneous. On the contrary, the pressed tapes with
higher hardness and J, appeared to have a denser and uniform
microstructure than the rolled tapes with lower hardness and J...

— 222 —

Generally, the higher the force in pressing is, the more uniform
the microstructure becomes. Thus, the microstructure in
pressed sample is denser and more uniform than that in rolled
one. Microcracks transverse to the tapes axis was introduced
by the flat rolling. But uniaxial pressing after rolling healed
these transverse microcracks and introduced parallel
microcracks as shown in Fig.2(d). The change of this crack
orientation also contributed to the increase of J, values.
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Fig.1 The transport ./, values obtained in this experiment
plotted as a function of applied magnetic field.

Fig.2 The SEM surface images of flat rolled tape with
thickness of 0.39mm (a) and 0.26 mm (b), and pressed
tape (c). The crack structure for pressed tape (d).
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properties of Ba122 polycrystalline bulks
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Fig. 1 Secondary electron images for Ba(Fe,Co),As, synthesized
at different temperatures.

Fig. 2 Temperature dependence of ZFC magnetization under 1 Oe
for Ba(Fe,Co),As, synthesized at different temperature.
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