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Effect of Oxygen Partial Pressure on the Microstructure and Critical Current Densities of
ite Tapes
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Fig.l Magnetization curve of Ndl23 at T Fig.2 Temperature variation of the
=60 K beofre (open) and after (closed) the magnetization curve of the Pb-ion irradiated
irradiation with 5.8 GeV Pb-ions (23$ = IT). Ndl23. Arrows indicate the peak.
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vortex dynamics in Bi2Sr2CaCu20y
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Bi-2212

B) Recoupling of vortex liquid by columnar defects in Bi-2212
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Anisotropy and Vortex Lattice Melting in YBa2Cu3O7 single crystals
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Effect of Au"*+ ion irradiation on the superconductive properties and microsiructure of EuBa2Cu30x thin film.
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Vortex State in High Temperature Superconductors-A Couple of Recent Topics
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Vortex structure in the quasi-classical Eilenberger theory
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ABSTRACT

The defect distribution along the ion traces has been investigated by transmission electron
microscope (TEM) in 230 MeV Au-irradiated Bi2Sr2CaCu20x single crystal. The results clearly
revealed the changing process of irradiation-induced defect morphology as the incident ions
penetrated the target material and lost their energy gradually. Between two typical irradiation-
induced defect morphologies, amorphous columns and collision cascades, three kinds of transitive
defect morphologies, large-angle-deflected columnar defects, cascade-defect-dotted columnar
defects and ordered cascade defects, have been found. These new types of irradiation-induced defects
predict the existence of new mechanisms in ion-target interaction.

KEYWORDS: Ion irradiation, Superconductor, Irradiation-induced defects, Transmission
electron microscopy, Flux pinning

INTRODUCTION

Large critical current densities (Jc) in the presence of magnetic fields are essential to many proposed
applications of the oxide superconductors. In general, Jc is limited by the motion of magnetic flux
lines since this motion causes finite electrical resistance [1,2].To provide suitable pinning sites for the
pinning of magnetic flux, defects have been artificially introduced by ion irradiation [3-6]. Since the
efficiency of irradiation-induced defects in flux pinning strongly depends on their microstructures
and distributions, the morphologic study of such defects becomes the first important step in
clarifying the origin of flux pinning in irradiated superconductors. It is also very important for
understanding the mechanism of ion-target interaction itself. Two typical defect morphologies which
have been observed previously in ion-irradiated materials are parallel columnar defects and
disordered cascade defects [7-9]. The generation mechanisms for these two kinds of defect
morphologies have been well studied. It was thought that the columnar defects were produced by the
irradiation-induced ionization and/or electronic excitation of target atoms and cascade defects by the
elastic collisions between the ions and target atoms. It has been known that these two kinds of defects
were produced by the ions within very different energy regions, but no experimental data could give
a clear description for this point[7,10]. And also it was unclear what kinds of defect morphologies
would appear when the incident ion energy was between the energy to produce parallel columnar
defects and the energy to produce disordered cascade defects. In this study, the continuous
observation of irradiation-induced defects have been carried out along the ion trace in 230 MeV
Au-irradiated Bi2Sr2CaCu20x crystal using transmission electron microscopy. Three kinds of
transitive defect morphologies have been observed between parallel columnar defects and disordered
cascade defects. The changing process of defect morphology as the penetration depth of incident ions
increased in the target material has been clearly seen. Comparing with the calculation results, the
generation conditions of irradiation-induced defects and the relationship between them have been
analyzed.
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EXPERIMENTAL

The Bi2Sr2CaCu20x single crystals prepared by the floating zone melting method [11] were cleaved
into thin sheets of about 20 mm thickness along the a-b plane. Parallel to the c-axis, the thin sheets
were irradiated by 230 MeV Au-ions with a dose of 9.7 X 1010 ions/cm2 at room temperature using a
Tandem accelerator. For the cross-sectional observation along c-axis direction, the TEM specimens
were obtained by pasting the ion-irradiated samples between silicon pellets, cutting into slices along
the a- or b-axis of the crystal, mechanically polishing and dimpling to ~ 10 }J,m, and finally ion-
milling them at 3-4 keV with a Gatan low-energy gun. The microstructure of the irradiated samples
along the ion traces was examined with a transmission electron microscope (Topcon EM-002B)
operated at 200 keV. The damage depth profile of Au ions in Bi2Sr2CaCu20x single crystal was
simulated by the extended EDEP-1 code [12]. Comparing the experimental results with the
simulation data, the generation conditions for various of the irradiation-induced defect
morphologies were analyzed quantitatively.

RESULTS AND DISCUSSION

A series of bright field images were taken along the ion penetration path in 230 MeV Au-irradiated
Bi2Sr2CaCu20x crystal as shown in Fig. 1. At upper-left corner, there is a schematic drawing which
show the relationship between the ion incident direction and the target crystal orientation. The five

Fig. 1. [100] bright field images of 230 MeV Au-irradiated BijSrjCaCujO,, crystal. Images A-E show
the five kinds of defect morphologies from parallel columnar defects to disordered cascade
defects.

kinds of irradiation-induced defect morphologies from parallel columnar defects to disordered
cascade defects are given by images A-E. Image A shows the microstructure of parallel columnar
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defects, as one kind of typical defect morphology, which has been often observed in various of
ion-irradiated materials. Image E shows another kind of typical defect morphology, disordered
cascade defects. Between these two kinds of defect morphologies, we found three kinds of transitive
defect morphologies, large-angle-deflected columnar defects, cascade-defect-dotted columnar
defects, and ordered cascade defects. The microstructure of these three kinds of defects are shown by
images B, C, D,. respectively.

Figure 2 is a schematic to show the five kinds of
defect morphologies, their depth distribution
areas and the corresponding regions of ion
energy and stopping power for creating them.
The upper part of Fig. 2 shows two curves of
the electronic stopping power and nuclear
stopping power against the ion penetration
depth. The lower part of Fig. 2 is a curve to
show the change of ion energy with the ion
penetration depth. All the curves are calculated
by the EDEP-1 extended code. Combining the
observed results with the calculation data, we
can establish a relationship of the defect
morphology with ion energy and stopping
power in target materials. For Au-irradiated
Bi2Sr2CaCu20x crystal in this study, the TEM
observation results confirmed that the existing
region for columnar defect ranged from the
ion-bombarded surface to ~ 7.5 |im deep apart
from the surface. Three kinds of columnar
defect morphologies, pure parallel columnar
defects, large-angle-deflected columnar defects
and cascade-defect-dotted columnar defects,
have been observed one after another. When the
incident ions penetrated to a depth deeper than ~
7.5 |J.m, only cascade defects can be observed.
Before the appearance of the typical disordered
cascade defects, we found another kind of
cascade defect morphology, ordered cascade
defects. The distribution regions of the depth,
ion residual energy and stopping power for
these five kinds of defect morphologies are
shown in table 1.

Penetration Depth (|jin)
4 5 6 7 S 9 10 It 12 13 14 15

0 1 Z 3 4 5 8 7 8 9 10 II 12 13 14 15
Penetration Depth (|Un)

*Se: electronic energy loss Sn: nuclear energy loss

Fig. 2. A schematic showing the five kinds of
defect morphologies. The upper and lower
parts of this figure are the simulation
results calculated by EDEP-1 software.

Table 1. Regions of depth, ion energy and stopping power for producing the five kinds of defect
morphologies

Irradiation-induced
Defect Morphology

Depth Region

Au-ion

Residual Energy

Stopping Power

Pure Parallel

Columnar Defects

Surface ~ 2 |im

230-170 MeV

30~27MeV/nm

Large-angle-deflectec

Columnar Defects

2-7.5 (im

170-50 MeV

27~16MeV/nm

Cascade-defect-dotted

Columnar Defects

5~7.5nm

100-50 MeV

22~16MeV/pm

Ordered

Cascade defects

7.5 - 8.5 u.m

5 0 - 3 6 MeV

16~13MeV/|im

Disordered

Cascade defects

8.5-11 (im

3 6 - 1 0 MeV

13~8MeV/nm

As we know, the different defect morphology results from the different mechanism of ion-target
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interaction. For the mechanisms to produce the parallel columnar defects and disordered cascade
defects, many previous researches have given a good explanation. In this study, the three new defect
morphologies should connect with some new mechanisms in ion-target interactions. The large-
angle-deflected columnar defects indicated that there must be some strong nuclear collisions between
incident ions and target atoms to take place in the corresponding energy region of 170 ~ 50 MeV.
The cascade-defect-dotted defects predicted the existence of a alternative energy deposition process
by electronic excitation and nuclear collision. When the ions lose their energy further and electronic
excitation process is not enough to produce visible defects, the cascade-defect-dotted defects will
exist in the form of ordered cascade defects which are the third transitive defect morphology to be
observed in this study.

CONCLUSION

The continuous TEM observation along the ion traces in this study supplied us an effective tool to
understand the complete process of how high-energy ions interact with the target atoms to be stopped.
Three kinds of transitive defect morphologies, large-angle-deflected columnar defects, cascade-
defect-dotted columnar defects and ordered cascade defects, have been found between two typical
defect morphologies, parallel columnar defects and disordered cascade defects, in 230 MeV Au-
irradiated Bi2Sr2CaCu20x single crystal. These transitive defect morphologies indicate the existence
of some new mechanisms in ion-target interaction and the further mechanism study will bring us a
more complete cognizance to the ion irradiation process.

ACKNOWLEDGMENT

This work was partially supported by New Energy and Industrial Technology Development
Organization (NEDO) through International Superconductivity Technology Center (ISTEC).

REFERENCES

1. D. J. Bishop, P. L. Gammel, D. A. Huse, C. A. Murray (1992) Science 255: 165
2. D. A. Huse, M . P. A. Fisher, D. S. Fisher (1992) Nature 358: 553
3. B. Roas , B. Hensel, G. Saemann-Ischenko, L. Schultz (1989) Appl. Phys. Lett. 54: 1051
4. J. R. Thompson, Y. R. Sun, H. R. Kerchner, D. K. Christen, B. C. Sales, B. C. Chakoumakos, A.

D. Marwick, L. Civale, J. O. Thompson (1992) Appl. Phys. Lett. 60: 2306
5. R. C. Budhani, Y. Zhu, M. Suenaga (1992) Appl. Phys. Lett. 61: 985
6. J. A. Cutro , D. A. Rudman, T. P. Orlando, R. B. Van Dover, L. F. Schneemeyer, A. E. White, E.

M. Gyorgy, J. V. Waszczak, R. J. Felder (1993) Appl. Phys. Lett. 62: 759
7. M. Toulemonde, S. Bouffard, F. Studer (1994) Nucl. Instr. and Meth. B 91: 108
8. W. L. Zhou, Y. Sasaki, Y. Ikuhara (1994) Physica C 234: 323
9. M. A. Kirk (1993) Cryogenics 33: 235
10. Hensel , B. Roas, S. Henke, R. Hopfengartner, M. Lippert, J. P. Strobel, M. Vildic, G.

Saemann-Ischenko, S. Klaumiinzer (1990) Phys. Rev. B 42: 4135
11. Y. Kubo , K. Michishita, Y. Higashida, M. Mizuno, H Yokoyama, N. Shimizu, E. Inuki, N.

Kurada, H. Yoshita (1989) Jpn. J. Appl. Phys. 28: L606
12. T. Aruga, K. Nakata, S. Takamura (1988) Nucl. Instr. and Meth. in Phys. Res. B33: 748

- 6 4 -



JAERI-Review 98-008

orW/Si £BRlCfcC+£f!&Blje vortex 0
size $1:^ £ &7c£ P X^—/ *—

Size effect and dimensional crossover on thermaly excited vortex in a-W/Si multilayers

vortex

vortex-antivortex z. 3

vortex loop 5 [l]

U
[2]0 - ^ loop

AT

vortex

, loop ©JsbJ©aS

80 i ^

i o-W/Si(20A/10A)XJV

R{T) mBt I-V

m i fr&MMt L T , JV = 3 <©
I-V ftj^tt±^jOj>feft$?r^FoT*3*)^ vortex loop

So -^r.-e Fisher b [3] ̂ ^ © 1 ^ 5 vortex

TV

^ ^ ; V// oc exp(- / T / / ) "C

10 > JV > 3 AT > 10

vortex loop (Z) size ^ ^ H «fc

loop (D&R~ kBT(IT/l)

s N = 2 oc

vortex

? i-v

vortex-string M^- crossover LN 2

vortex-antivortex

19 AT ̂  10 jfftf

KT

N vortex loop (©size %}%:\

- 6 5 -



JAERI-Review 98-008

Tc vortex loop <D size %i%z\Z.—§fcU

£JUh<fc 9 vortex loop

[1] R. Sugano, T. Onogi and Y. Murayama, Phys. rev. B 48 (1993) 13784.

[2] Y. Matsuo, T. Nojima, Y. Kuwasawa, E. Majkova and S. Luby, Physica C 277 (1997)

138.

[3] D. S. Fisher, M. P. A. Fisher and D. A. Huse, Phys. Rev. B 43 (1991) 130.

10,-2

>io-4

10"

I 'I r-T-TTTTTTf

T=3.13K2.94 2.68 2.32
3.07 2.91 2.58 2.16 ..>
3.04 2.87 2.46 .• :•••

: mm N = 3

a

-4

-6

-8

-10
2.16

2000 4000
I/I (I/A)

2 : U.m N = 3 ln(F/J) M 1/KD

v v.

10°

lO"2

> l f J-4

10-6

- T=2.70K 2.49
2.63 2.46
2.59 2.43
2.57 2.39
2.55 2.34

= 2.52 • I

: • * • •

r .•••

r . . . • • • *

r

•

•

2.28
2.21
2.13
2.04,

1.94 1 - 6 3 ^ n

. •* / :
• • . . S

' . / f

.''///X'lh, 1

101-6 10-4

El 3 : Um N = 2 CD 7-

4.0

3.0

2.0

-

/

o
. . i

/

o

8

• T
° Tc

. 1 . . .

• %

u

8"

-

-

10° 101

layer number n

14:

102

6 6 -



JAERI-Review 98-008

mmmu

Observation of correlated vortex motion arround a vortex glass transition in YBa2Cu3O7.6 films

di

vortex-glass

2 .

laser abUtionS-CffJ«bfcYBCO(123)©c«liEl»lKt!, -l?

= 89. 6K.

3.

Nor

- 6 7 -



JAERI-Review 98-008

J

B
i

i

v 1 4 -
T

I
2 3
! J

4

0 c-axis

31

E23 =

. H J-

0.05

c

(V/m)

50

T . 1—I • |

f cP
o

o°
04I '

-

•
2T .
4T

80
T(K)

90

, shear modulus

ft

[1] D.S. Fisher et a 1.. Phys.Re?.B43.130(1991).

[2] R.EKoch et al. , Phys. Rev. Lett. 63,1511 (1989).

[3] T.Nojima et a l . , to be published in Phys.Rev.B.

- 6 8 -



JAERI-Review 98-008

(The pinning properties in Ag-Cu alloy sheathed Bi-2223 tapes)

frlfc Bi2223 &*>—*j&#"m, 4.2K

t - V

Bi2223

Bi2223Ag-Cu -^ Hf ^ Ba

Bi2223Ag-Cu Bi2.0Pb0.4Sr2.0Ca2.2Cu2.4Oy

Cu <£>jfc&54>J&V t̂e:v—•*#<£> Cu
^ ^ 7 C # ^ L T Ti, Zr, Hf ̂ ^ § r 0.

Bil.8Pb0.4Sri.8Ba0.2Ca2.2Cu3.0Oy

> Ba

LT

feo ffclsffNffii:

s t t SQUID
^o HI 1 (d^Lfccott, ilb

(a)»Hf K—^Lfc Ag-Cu # ^ ^
Ba K -

Sr^i^:*5V^TV^<

LTV J: o Tj|?^f Lfc £ £ -5 Hf ̂ B a

Ag-Cu <£

MH
19

2 }C $ tbTV ^ Kramer's scaling law (d «fc

- 6 9 -



JAERI-Review 98-008

Fp VfoZo&%fc&tlti Fp/Fpmax t b=B/Bc2
Zo (a)«5OK ( d ^ ^

(a)Hf K-7°LfcAg-Cu (b) Ba K-7° t

(b)
Bi 2223
T-55K
H//c

—*—Ba dope
—o -Undope
- * - -Gd dope
--•--Quench

02 m&it&ntz
Ba K—

Fp (a) 50K i£*3 It 5 Ag-Cu (b) 55K

- 7 0 -



JAERI-Review 98-008

Bi-2223 ^ ^
(The Effect of the Silver Diffusion in Bi-2223 Compound)

?> t

f̂ / ^ « ICP(Inductively coupled plasma

A3

Le Claire factor p «r«fe*fc0 P

o T V ̂ fe

319 ,

Td=400°C~800oC(Cl*3t-tS 77.3K X*<D Magnetic Jc
x Td=500°C-t?T

o

- 7 1



JAERI-Review 98-008

1O2

>00

1.

O 400°C
A,exp(-X2/4Dvt)+A2exp(-A3X<l/5)

A,exp(-X2/4Dvt)

1.0 2.0 3.0 4.0

X2(x10'6cm2)

(a:

(a) :
5.0 1°0.0

d=400°CN 700°CT*T~—/!•Life.

factor p
• — $ —̂ (Ai, A2 and A3X DVN Le Claire

Td(°C)
400
450
500
550
600
700
800

A!
17
18
40
14
1
17
63

Dv(cm7s)
1.23 X10"14

1.60X10'"
5.58X10""
5.96X10'u

4.09 X10-11

1.09X10-y

2.15 X10"8

A2

84
82
62
95
100
80
43

AsCcrn6'5)
12000
4800
6200
3800
3700
4100
1000

0
49.667
17.809
3.271
0.690
0.106
0.003
0.002

• 400°C
D 450°C

500°C
O 550°C
A. 600°C
A 700°C

60 80 100 120 140 160 180 200

T(K)

\
i—0 D Q •

0 • ^

—•—40O°C
- a — 450°C
—•— 500°C
-O—550°C -
—A—600°C
—A—700°C .
—T— 800°C

kh '
100 1000

Magnetic field (G)

M 3 77.3K (£& tt S Magnetic Jc (D

7 2 -



JAERI-Review 98-008
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i ) : RBS/Channeling Analysis of Superconducting Nd-Oxide Film on SrTiO3:Nb
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@) Vortex Core Structure in Quantum limit
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