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Bi-Sr-Ca-Cu-0 thin films with thicknesses of 500, 30, 7, 4 and 2 nm have been deposited just on the MgO single
crystal (001) substrate by single target r.f magnetron sputtering. By elaborately controlled multistep annealing for
extremely short times, remarkably high values of the zero-resistance transition temperature (7,), 102, 106 , 88,
and 84 K were obtained for 30, 7, 4 and 2 nm thick thin films, respectively. Ultrathin films with thicknesses of 7,
4 and 2 nm were highly oriented with the ¢ axis perpendicular to the film plane. The surface roughness below 4
nm thick ultrathin films became flat with decreasing the film thickness down to 2 nm. Cross-sectional high-
resolution transmission electron microscopy revealed that a 4 nm thick ultrathin film consisted of a set of half-
unit-cell layers of the (2212) and (2223) phases. Thus, it was confirmed that in the Bi-Sr-Ca-Cu-O superconduct-
ing the minimum unit for the occurrence of superconductivity is a half-unit cell layer of the supercnducting oxide
crystal.
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Fig. 1 Ideal crystal structure of Bi-based superconductors with a homologous series of

Bi,Sr,Ca, _ ,Cu O, ., .4 (ref.7)
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Fig. 2 Schematic illustration of magnetron
sputter deposition using (a) conventional flat-
surface target and (b) modified concave surface
target. (ref.36)
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Table 1. Sputtering conditions for Bi-Sr-Ca-Cu-O thin film.

Target Bi,,Sr,Ca,Cu, O, powder

Target diameter 152.4mm

Substrate MgO(001)

Substrate temperature Room temperature

Sputtering gas Ar

Gas pressure 0.6Pa

Chamber pressure 1.3Pa (t=500nm,30nm)1.0Pa (t=7nm,4nm,2nm)
rf input power 200W

Target—-substrate distance
Deposition rate

40 ~65mm (t=500nm,30nm)40mm (t=7nm,4nm,2nm)

0.11nm/s (t=500nm) 0.07nm/s (t=30nm)0.04nm/s (t=7nm,4nm,2nm)
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Fig. 3 X-ray diffraction pattern for 500 nm thick thin
film. Marks H, L and A refer to high-T, phase, low-
T, phase and Ca-free phase, respectively.
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Fig. 4 Resistivity-temperature curve for 500 nm thick
film.
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Fig. 5 Relationship between annealing tempera-
ture and transition temperature 7. (ref.36)
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Fig. 7 Relationship between holding time at 1146-

Fig. 6 X-ray diffraction patterns of 30 nm thick 1148 K and transition temperature 7. (ref.36)

thin films annealed at (a) 1143 K, (b) 1145 K and
(c) 1148 K for 600 s, respectively. (ref.36)
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Fig. 10 Resistivity-temperature curve for 30 nm
- S thick thin film. (ref.36)
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Fig. 9 Heat treatment diagram for preparation of
superconducting 30 nm thick thin film. (ref.36)
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Fig. 11 SEM micrograph of surface for 500 nm
thick thin film
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Fig. 12 SEM micrograph of surface for 30 nm thick
thin film.
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Fig. 13 Heat treatment diagram for preparation of su-
perconducting ultrathin films with thicknesses of (a)
7 nm, (b) 4 nm and (c) 2 nm, respectively. (ref.43)
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Fig. 14 Resistivity-temperature curves for (a) 7 nm ,
(b) 4 nm and (c) 2 nm thick ultrathin film,
respectively. (ref.43)
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Fig. 16 Cross-sectional TEM image of 4 nm thick
ultrathin film. (ref.41)
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Fig. 15 X-ray diffraction pattems for (a) 7nm, (b) 4
nm and (¢) 2 nm thick ultrathin film, respectively.
(ref.43)
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Fig. 17 Cross-sectional TEM image of film-
substrate interface, showing semicoherent feature.
(ref.41)
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Fig. 18 SEM micrographs of surface of (a) 7 nm, (b) 4nm and (c) 2 nm thick ultrathin film, respectively. (ref.43)
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Fig. 19 Resistivity-temperature curves for 4 nm
thick ultrathin film measured along (a) and (b) di-
rections. (ref.43)
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