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Abstract
Effects of oxygen ion irradiation and subsequent thermal annealing of

Bi2Sr2Ca1CU20x (Bi-2212) films deposited on SrTI03(001) using pulsed laser deposition were
studied. It was found that compared to the simply heated film the ion irradiated and thermally
annealed one showed a leaf-like morphology and an improved conducting behavior of
Bi-2212 phase. Our results suggest that amorphization by oxygen ion bombardment and
recrystallization by thermal annealing might be a suitable process for the preparation of
patterned c-axis oented Bi-2212 films with appropriate superconducting properties.
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1. Introduction
Bi2Sr2Ca,,.1CUn0x (Bi-22(n-I)n) has been widely studied on since the discovery of the

superconductivity [1]. This system is thought one of the most promising high Tc
superconducting compounds for its use in applications ranging from power transmission
cables to Josephson junction-based electronic devices 2-5]. It has been demonstrated that the
Bi-2212 has high critical current density (J,,) above 5 I O9 A/M2 at 42 K and IO T 2]. Its thin
film form has been successfully prepared using various deposition methods 6-9]. However, to
get a high quality Bi-2212 thin film applicable to electronic devices, it is required to optimize
growth conditions v ery carefully.

The ion implantation technique has been recognized one of the most convenient method
to modify and/or fabricate a wide variety of materials. It has been employed in high-T,
superconductivity research primarily in two ways, i.e. to fabricate thin film specimens by
adding the extra elements, and to modify the superconducting properties. The attempts to
fabricate the superconducting films by direct ion implantation, however, have been
considerably less successfid. With considerable efforts, Nastasi et a]. have succeeded to
fabricate the YBCO thin films by Y ion implantation with the same heat treatment as that
required in preparing the bulk samples [10]. The attempts to modify the superconducting
properties have been successfully reported. Koch et al. have firstly reported the fabrication of
the dc SQUID from the YBCO thin film by ion implantation [II]. The ion implantation was
used as a patterning tool by destroying the superconductivity of the film. The critical current
improvement is one of the most successful application of ion implantation to the high-T,
superconductor. Civale et al. have produced large enhancements in flux pinning by
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introducing the columnar defects in YBCO crystals 12]. In contrast with J T is decreased
by ion implantation 13]. The degradation of T, is thought due to the introduction of electron
scattering centers 141 and the formation of weak finks[ 5].

The another capability of ion implantation for materials modification is the ion beam
induced crystallization. Since the first report for the Si recrystallization by ion beam 16], this
technique has been applied successfully to grow epitaxial films of a wide variety of materials
at lower temperature 17-21]. The crystal growth of high-T, materials at lower temperature
with ion beam, however, has never been reported to the authors' knowledge. The authors have
also tried to achieve the lower temperature growth of BSCC films with ion beam, and not
succeeded yet. During these trials we have found an interesting phenomenon relating to the T.
improvement. In this paper we report the effect of the pre-amorphization by oxygen ion beam
on the superconductivity of heat-treated Bi-2212 films on SrTiO3 prepared by pulsed laser
deposition (PLD).

2. Experimental
Fully c-axis oriented Bi-2212 films were initially prepared using PLD on SrTiO,(OOI)

substrates. A pulsed KrF excimer laser 248 rm, 30 ns duration, 10 Hz) was line-focused onto
a target rotating at rpm. The laser beam energy was set at 100 mJ/pulse (about I j/CM2) . The
substrates were positioned to face parallel to the target. The target-to-substrate distance was
fixed to be approximately cm. The target was prepared by a conventional ceramic powder
processing. Commercial powders of SrCO, CuO, BiO,, and CaCO, were weighted to the
composition of B'2ST2CaCU20,,, mechanically mixed, pressed to the disc, and sintered for 60
hr at 850 "C.

A substrate temperature of 600 'C and a pressure of 8 x IO-' torr of oxygen were chosen
to prepare the Bi-2212 films. SrTiO3(OOI) single crystal substrates were cleaned ultrasonically
in acetone and methyl alcohol sequentially for 10 min, and loaded into the chamber,. Film
thickness was measured by the cross-sectional scanning electron microscope (SEM) to be
about 200 nm.

After the deposition, the samples were firstly irradiated in vacuum with 50 keV O' ions
at a fluence of 5. 0 x I " ionS/M2 at room temperature, then with II 0 keV O' ions at the same
fluence. This two-step ion irradiation was adopted to induce complete amorphization of the
whole films without causing a serious compositional change. Afler the irradiation, to
recrystallize the samples, they were annealed thermally at 800 'C for I hr in air.

SEM and x-ray diffraction were used to investigate the microstructures and phases of
the films, respectively. Four-probe method was used to measure the temperature-resistivity
characteristics of the sample.

3. Results and discussion
Figure I(a) illustrates a typical x-ray powder diffraction (XRD) pattern of the as-

deposited Bi-2212 films on SrTIO,(001). Only the Bragg reflections corresponding to the
positions of the BiSrCaCuO,, (000 reflections appear with the reflections of SrT103,
indicating that a single B2Sr2CaCU20,, phase formed on SMOA000with the 001) plane of
the film parallel to the substrate (001) plane. This c-axis-oriented film was amorphized by the
two-step ion irradiation. As shown in Fig. I(b), the B2Sr2CaCU20" film reflections are
completely disappeared, indicating that the whole film was amorphized. This amorphous film
was thermally annealed for I hr at 800 'C in air to induce recrystallization. For a comparison,
the as-deposited film was simply heated for I hr at 800 C in air. Figure I c) shows the XRD
pattern of the simply heated film. As shown in Fig. l(d), the thermal annealing after the ion
irradiation recovered a fully c-axis oriented film of the same phase and crystal orientation in
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nature comparing to the simply heated
crystallinity of the

one. The (a) O
irradiated-annealed film might be
superior to that of the simply heated one. rA

It is reasonable to think that this '47'
recrystallization in an aligned manner U UV) U Uwas occurred most likely following the U

mechanism of the solid-phase epitaxial JL.

regrowth.
(b)In contrast to the similarity in the Ca

XRD patterns, the morphology of the
film annealed after the ion irradiation
shows a remarkable change. Figures 2(a) V1

and 2(b) show typical surface 4�

morphologies of the simply heated and S,
the irradiated-annealed films observed by
SEM, respectively. The simply heated
one shows small grains dispersed in a (c)

Cd
featureless matrix. In sharp contrast, the
irradiated-annealed one shows a leaf-like
morphology, which is known as one of
characteristics of the Bi-2212 phase 22]. 42

The leaf-like grains usually favor the A J

formation of oriented films. As can be
seen in Fig. 2(b), the grains are oriented (d)
in a small variety of directions, consistent =! -CZ
with the (000 orientation confirmed by

Uthe x-ray diffraction. >_1 U
4� En Z'The ion irradiation and thermal '17'Z

annealing process influenced the 2
resistivity curves as shown in Fig. 3 The A
resistivity curve for the as-deposited film 0 10 20 30 40 50 60 70
shows the semiconducting behavior. By
heating at NOT the film was evolved to Cu Ka 20 degree
the superconductor. The resistivity of the Fig. 1. XRD patterns of (a) the as-deposited film, (b)
simply heated film descends at about 80 the amorphized film by the oxygen ion irradiation, (c)
K, and drops to zero at 27 K. It is the film simply heated at 800 C, and (d) the film
surprising that the B-2212 mono-phased annealed at 800'C after ion irradiation. The films are
c-axis oriented film shows the much on the SrTiO3(001) substrate. BSCC indicates the
lower critical temperature (T) than a BI-2212 phase.
typical B-2212 superconductor. The
lower T, might be originated from the poor crystallinity of the 131-2212, the off-stoichiometric
composition of the film, and/or the less carrier doping by insufficient annealing in oxygen.
Interestingly, for the irradiated-annealed film, the resistivity descends at about 85 K, and
drops to zero at 61 K, which is in agreement with a characteristic behavior of a Bi-2212 phase.
According to the calculation results by Monte Cairo simulation code 231, the implanted
oxygen concentration performed in this study is at most I for oxygen in stoichiometric
Bi-2212, and the total vacancies generated at oxygen site is 20 times as many as the implanted
oxygen. The effect of increased oxygen atoms in the film might be negligible for the
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Fig. 2 SEM photographs of (a) the simply heated B-2212 film ad (b) te Bi-2212

film on a SrTlO3(0(1) substrate.

annealing process. It is most likely that the
bombardment by the accelerated oxygen 120 x 140

ions generates crystal defects intensively in r�
too the as-deposited B-2212 film as many as

yielding its arnorphization. This process so 
should increase the internal energy and the

60
diffusivity of the atoms in the film
considerably, and accelerate the 40 

crystallizing transformation during the 20 A

annealing, thereby achieving a better 0

crystallinity and superconductivity of the 0 50 100 150 200 250 300

Bi-2212 phase. Further investigation is Temperature K

necessary to discuss in detail the Fig. 3. Teniperature-resistivity characteristics of

mechanism of the ion rradiation influence the as-deposited film (A), the sniply heated one (0),

on the characteristics of the B-22 2 filin. and the rradiated-annealed oe E).

4. Conclusions
A fully -axis oriented B-2212 single phase B-2212 film was prepared on SrTiO3(001)

using pulsed laser deposition. The two-step oxygen ion irradiation induced complete

amorphization of the oriented as-deposited film. The subsequent thermal annealing

reproduced a fully crystallized, c-axis oriented film by most likely the mechanism of the

solid-phase epitaxial regrowth. The recrystallized film showed a leaf-like grain morphology

and a significant improvement of Tc, implying that the process (amorphization by oxygen ion

bombardment and recrystallization by thermal annealing) is a effective way to obtain a

patterned c-axis oriented B-22 2 film with better supercondting properties.

References

[I] H. Maeda, Y Tanak, M. Fulcutorni, and T. Asano, Jpn. J. Appl. Phys. 27, L209 1988).

[2] H. Mao, H. Ktaguchi, H. Kumaktira, K. Togano, and T. Hasegawa, Physica C 301, 116

(1998).

[3] R. Wordenweber, Supercond. Scl. Technol. 12, 86 1999).

[4] Y Satoh, S. Arisawa, A. Fukuyo, Y. Takano, A. Ishii, T. Hatano, and K. Togano, Physica C

363, 130 2001).

[5] M. Nagao, M. Sato, and H. Maeda, Appl. Phys. Lett. 79, 2612 2001).

[6] N. Kubota, T. Sugimoto, Y Shlohara, and S. Tanaka, J. Mater. Res. 8, 978 1993).

- 226



JAERI-Conf 2003-001

[7] P. Bove, D.J. Rogers, F.H. Teherani, J. Cryst. Growth 220, 68 2000).
[8] M. Nevriva, J. Stejskal, J. Leitner, D. Sedrriidubsk�, P. Beran, and A. Strejc, Physica C
341-348, 2383 2000).
[9] S. Sakamoto, T. Okamoto, and Y. Saito, Jpn. J. Appl. Phys. 39, 5099 2000).
[10] M. Nastasi JR. Tesmer, M.G Hollander, J.F. Smith, and C.J. Maggiore, Appl. Phys. Lett.
52, 1729 1988).
[11] R.H. Koch, C.P. Umbach, GJ. Clark, P. Chaudhari, and R.B. Laibowitz, Appl. Phys. Lett.
51, 200 1987).
[12] L. Civale, A.D. Marwick, T.K. Worthington, M.A. Kirk, JR. Thompson, L.
Krusin-Elbaum, Y. Sun, J.R. Clem, and F. Holtzberg, Phys. Rev. Lett. 67, 648 1991).
[13] GP. Summers, E.A. Burke, D.B. Chrisey, M. Nastasi, and JR. Tesmer, Appl. Phys. Lett.
55, 1469 1989).
[14]A.E. White, K.T. Short, R.C. Dynes, A.F.J. Levi, M. Anzlowar KW. Baldwin, P.A.
Polakas, T.A. Fulton, and L.N. Dunkleberger, Appl. Phys. Lett. 53, 010 1988).
[15] G.J. Clark, F.K. LeGoues, A.D. Marwick, R.B. Laibowitz, and R.H. Koch, Appl. Phys.
Lett. 51, 1462 1987).
[ 6 M. Takahashi, J. Nakata, and K. Kajiyama, Jpn. J. Appl. Phys. 20, 2205 198 1).
[17] S.T. Johnson, J.S. Williams, and E. Nygren, J. Appl. Phys. 64, 6567 991).
[18] K. Oyoshi, S. Hishita, S. Suehara, T. Azawa, and H. Haneda, Nucl. Instrurn. Method
Phys. Res. 121, 184 1997).
[19] S. Hishita, K. Oyoshi, S. Suehara, and T. Aizawa, Nucl. Instrum. Method Phys. Res. 
121, 157 1997).
[20] S. Hishita, K. Oyoshi, S. Suehara, and T. Aizawa, Nucl. Instrurn. Method Phys. Res. 
148, 549 1999).
[21] S. Hishita, T. Aizawa, S. Suehara, and H. Haneda, Appl. Surf. Sci. 169-170, 296 2001).
[22] A. Ishii and T. Hatano, Physica C 340, 173 2000).
[23] J.F. Ziegler and J.P. Biersack, SRJA4 ver. 2000.10 1999).

- 227 -


