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Observation of Vortex Distribution in Samples
of BI-2223 Ag-Sheathed Tapes With and
Without Uranium Doping by Means
of the High-Resolution Bitter Method

S. Ohshima, K. Ujiie, T. Kawai, K. Moriai, H. Yamada, D. G. Marinaro, and S. X. Dou

Abstract—We examined the distribution of vortices in both is an optimum level for both the U-doping and the degree of
Bi-2223 Ag-sheathed tape and U-doped Bi-2223 Ag-sheathedthermal neutron irradiation in order to improve.
tape applying the high-resolution Bitter method. In the low  pjract opservation of the vortices is a useful technique for
temperature region (T' < T.), we found that the vortices in . L L .
the undoped Bi-2223 Ag-sheathed tape developed into either aevaluatmg the pinning Cer_‘ters and_ th_e pinning potential. We
triangular arrangement or a heterogeneous arrangement along have succeeded in observing the distribution and movement of
the grain boundaries of the Ag sheath, which form weak pinning vortices in a Y-123 single crystal, a Bi-2212 single crystal, a
centers. The vortex distribution for U-doped Bi-2223 samples was Y-123 QMG sample and in Bi-2223 Ag-sheathed tapes using

slightly different from the distribution for the undoped material. ihe ; ; T ;
We observed some movement of the vortices in both the U-dopedthe h'gh restolutlon Bltterl m(;:‘tgofd. TI:E pinning pottenftltil and
and the undoped Bi-2223 Ag-sheathed tapes at 50 K. At higher pinning centers were evaluated irom the movement of the vor-

temperatures, T > 75 K, the vortices in the Bi-2223 tapes moved tices. It was also clarified that the vortices moved with a hop-
even faster so that no deposition pattern, indicating the location ping-like movement in the Bi-2223 silver sheath tape at tem-

for vortices, formed. peratures over 60 K. This movement can be reduced if strong
Index TermS_Bi_2223' high_temperature Superconductors’ ura- pinning SiteS eXiSt in the Sample. Therefore, |t iS interesting to
nium doping, vortex. examine the differences in the vortex distribution and movement

in the samples with and without neutron irradiation.
|. INTRODUCTION
i-2223 Ag-sheathed tape conductor is already applied!. SAMPLE PREPARATION AND EXPERIMENTAL PROCEDURE

. pr_actlc_:ally in_ superconducting magnets  that operate.l.he Bi-2223 Ag-sheathed mono-filamentary tapes were fab-
at liquid nitrogen temperatures. At temperatures of 77 K, . : :
. .. ficated by the powder-in-tube method using a rolling process
however, these magnets cannot generate high magnetic fie

. . o . wi?ﬁ an intermediate sintering step. The details of the fabrication
since effective pinning centers do not exist. Therefore, a grea

: . DA Harocess are reported elsewhere [9]. The U-doped Bi-2223 tapes
deal of research has focused on introducing artificial pinni ere also fabricated by the powder-in-tube method. The pow-
centerse.g.,by adding various compounds to B"2223 [1]_[3]d rs that were used as precursors were doped with controlled
and by changing the conditions of the cold rolling process alid, of?35UQ, prior to processing. After processing, the
thoﬁnﬁegégéi?str?ﬁtr;t E]—;[S;BR; Ceer:[ly\,/vl\r?iacl::nim rg\'/'géoi?]ufﬁs samples were irradiated with highly moderated thermal neu-
Ei h magnetic field region [7] p[8]'The irrad[i)ated 2 U-dope onsinthe HIFAR reactor at the Australian Nuclear Science and

9 9 ) €9 i y e . P echnology Organization. The details of the fabrication process
Bi-2223 sample with thermal neutrons to artificially introduce

) o . . . were reported in [8]. The specific combinations?fuO, and
point d?fe‘?ts- The sample e.Xh.'b'ted improvéd in a high the thermal neutron fluence are shown in Table I.
magnetic field after the irradiation. It was proven that there For the high-resolution Bitter method, we employed an evap-
oration technique using Ni wires. It is important to control the
kinetic energy of the Ni particles in order to observe vortices
, _ _ _ in high-temperature superconductors. Therefore, the helium gas
Manuscript received August 4, 2002. This work was supported in part rtf@/ressure in the chamber was accurately controlled in order to
the Grant-in Aid from the Ministry of Education, Culture, Sports, Science a o - ely
Technology of Japan. control the kinetic energy of the Ni particles. The samples were
S. Ohshima is with the Faculty of Engineering, Yamagata Univeggpled in a magnetic field of 75102 T. and then the Ni
sity,Yonezawa, 992-8510, Japan (e-mail: ohshima@yz.yamagata-u.ac.jp). d ited h The final ' ied
K. Ujiie, T. Kawai, K. Moriai, and H. Yamada are with the Faculty of Engi—WaS eposited onto them. enna tempe.ratﬂbe,was Val"le .
neering, Yamagata University, Yonezawa, 992-8510, Japan. between 25 K, 50 K and 75 K. We examined the relationship
D. G. Marinaro and S. X. Dou are with the Institute for Superconductingetween the distribution and movement of the vortices and tem-
and Electronic Materials, University of Wollongong, Wollongong, NSW 2500 erature. The detailed observation brocess was reported in a pre-
Australia. p - p p p

Digital Object Identifier 10.1109/TASC.2003.812073 vious paper [10], [11].
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TABLE | 25 K, shown in Fig. 1(a) and (b) , it was found that all of the
U-DOPING PERCENTAGE AND TOTAL NEUTRON IRRADIATION FLUENCE locations of the vortices have circular shape. That is to say, the
Doping Thermal Neutron vortices did not move during the duration of the Ni deposit@on
Sample percentage Fliishce (30 secpnds). Countlng the black dots we saw that t.he den_sny of
(Wt.%) (10"m?) the vortices in the uranium-doped sample (b) was §I|ghtly higher
= = than that of the nondopeq sample_ (a). The experiment was car-
5 s 075 rled.out by the magneu_c—fleld-coolmg method. T_herefore, more
: = vortices were trapped in the sample with the higher density of
. L3 s pinning centers.

It has been reported that dislocations linked to the nuclear fu-
sion of the uranium can work effectively as pinning centers [7].
Therefore it was expected that, if sample C had a stronger pin-
ning potential, the distribution of the vortices at higher temper-
ature should change compared with that of sample A. As shown
in Fig. 1(c) and (d), the shapes of the vortices changed from cir-
cular to slender spots. This means that the vortices moved due
to their thermal energy while Ni was being deposited (30 sec-
onds). It appeared that the vortices did not move randomly, but
moved in a specific direction. This may be caused by a chain of
dislocations formed by the neutron irradiation in the U-doped
samples. The amount of movement was larger for the undoped
sample (c). Fig. 1(e) and (f) show the Ni decoration pattern on
the Bi-2223 Ag-sheathed tape, on which the Ni particles were
deposited at 75 K. As shown in this picture, the Ni particles did
not precipitate into dots or lines. This means that the vortices
moved quickly above 75 K, so that the Ni precipitated into a
cloudy pattern in both samples, A and C.

B. Influence of the Thermal Neutron Fluence on the Vortex
Distribution

We examined the influence of the thermal neutron fluence
on the vortex distribution of Bi-2223 tapes with 1.5% uranium
doping as shown for samples B and C in Table I. The neutron
fluence for sample B was 0.3519'° m~2, and for sample C
it was 3x10" m~2. Fig. 2(a) and (b) show the vortex distri-
butions of samples B and C. The sample temperature during Ni
deposition was 25 K. The vortices are shown as black dots. The
shapes of the vortices were circular, indicating that all vortices
were trapped in pinning centers at that temperature. We found
that the vortices in Fig. 2(a) (sample B) arranged in a pattern of
atriangular lattice. There was no regular pattern, however, in the
distribution of the vortices of Fig. 2(b) (sample C). This differ-

ence may be caused by the difference in the pinning energy. In
Fig. 1. (a) — (f). Vortex distribution of Bi-2223 tapes with and without,

U-doping.(a). (c). (€): Sample A (without U-doping) (). (), (9): Samplesa'rnple C irradiated gt higher neutron fluepce, s.,tronger pinning
C (1.5 wit% U-doping and irradiated with thermal neutrons at a fluence &Xisted, and the vortices became trapped in an irregular pattern.

®

3x10" m~2). (I'y: The sample temperature while depositing nickel). The vortices in sample B became formed a stable triangular lat-
tice arrangement by the interaction between the vortices, since
. RESULTS AND DISCUSSION their pinning force was weaker.

Fig. 2(c) and (d) show the vortex patterns of samples B and C
at 50 K. The shapes of the vortices were not circular, but formed

Fig. 1 shows the Ni decoration patterns for Bi-2223 tapes batin elongated line indicating that the vortices moved during the
with and without U-doping, as observed by SEM. Samples Wi decoration process. The distribution patterns of samples B
and C are those shown in Table I. Ni was evaporated at 25 &)d C were slightly different. For sample B, shown in (c), the
50 K and 75 K, respectively. The temperature is showfi,as movement of the vortices was slightly larger than in sample C
in the figure. The black dots in Fig. 1 show condensed Ni pafd) indicating that the pinning potential of sample B was smaller
ticles, i.e., they show the locations where the vortices existétian that of sample C. Fig. 2(e) and (f) shows the Ni decoration
Therefore, we can explain the black dots (or lines) in the SEpattern of Bi-2223 tapes at 75 K. We did not observe any pattern
pictures as being either a vortex or the location of a vortex. A&t samples B and C.

A. Effect of the Uranium Doping on the Vortex Distribution
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tron at a fluence of %10' m=2. At 25 K, the vor-
tices did not move during Ni deposition (30 seconds), and
the vortex distribution for both samples were almost the
same. Above 50 K, the vortex moved due to increased
thermal energy. The amount of movement was larger for
the undoped sample. In both samples no vortex pattern
was observed above 75 K.

2) Influence of various thermal neutron fluences on the
[ vortex distribution of 1.5 at.% U-doped Bi-2223 tapes.

Ium

The neutron fluences were 0.¥3.0'Y m~2 (sample
B) and 3x10" m~2 (sample C). At 25 K, the vortices
were trapped by the pinning centers, and did not move in
both samples. The vortex pattern of the sample B formed
a triangular lattice. Above 50 K, the vortices in both sam-
ples moved, and the movement in sample B was slightly
larger than in sample C. We did not observe a vortex pat-
tern above 75 K in both samples.
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