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(a) YBa,Cu,04

(b) YBa,C:0;

Fig. 1  Unit cells of (a) YBa,Cu;0;4 and (b) YBa,Cu;0,. The
open circles denote oxygen atoms. Material property
differences arise from changes in the location of oxygen
atoms in the Cu(1) planes. For intermediate ranges of
oxygen content, the crystal structure of YBa,Cu;0,

changes depending on the degree of oxygen ordering.
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Fig. 2 Tllustration of pulsed laser deposition of YBa,Cu;O,
ATF laser pulses are focused on the target by a quartz
lens. The polycrystalline YBa,Cu;0, target and the
SrTiO; substrate are placed in a vacuum chamber. For
epitaxial growth, the substrate holder is heated through a
quartz window using an infrared lamp located outside
the chamber while oxygen gas is introduced into the
chamber.
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Table 1 Peculiarity of pulsed laser deposition.

1. The composition of the target is reproduced on
the substrate.

2. Multiple targets can be easily installed.

3. Reactive gases can be introduced into the
deposition chamber, and the pressure is adjusted
in a wide range.

4. Laser energy, repetition rate, gas pressure, and
substrate temperature can be controlled
independently.

5. The construction of the deposition chamber is
very simple.

6. High deposition rate is available (3um/min).
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Table 2 Necessary conditions of epitaxial growth using the
pulsed laser deposition.

Laser | ArF Excimer
Wave length | 193 nm
Pulse duration | 8- 10 ps
Repetition rate | 10 Hz
Energy per pulse | 3-4 J/em®

Sintered YBa,Cu;0,
SrTiOL(001), (110)

Target
Substrates

Substrate temperature | 500 - 730C
O, pressure 13 Pa
Deposition duration | 15 - 20 min
Deposition rate ~4 Afs
Film thicknesses | <5000 A
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Fig. 4 Phase diagram of oxygen pressure vs. temperature for

YBa,Cu,0,. The dashed lines indicate the critical
stability line at x=6.0, x=6.5, and tx=6.9. Below the
critical stability line, the YBa,Cu;0, structure
decomposes. The ortho-I corresponds to the structure
shown in Fig. 1(b). The ortho-II is one of the
superstructures observed for intermediate x ranges. The
open circles were obtained with deposition conditions of
7300 and 13Pa. A film cooled under the same
conditions as deposition follows arrow A, while a film
cooled at 10° Pa follows arrow B. As a result, the x
value changes with oxygen pressure during the cooling.
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Fig. 7 High resolution transmission electron micrographs (a)
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The incident direction of the electron beam is parallel to
the [110] of YBa,Cu;0.,. In (b), the arrows indicate a
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spectrum. The random spectra are also shown by the
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