The quality of epitaxial film significantly depends on the substrate material.
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The oxide super-

conducting film growth is also the case.

In the present work, LniBa:CusO, (Ln=Y, Nd, Er) films

were grown by the reactive rf-magnetron sputtering on (100), (110)-SrTiOs and (100)-MgO single

crystal substrates.

To get more information on the growth mechanism, the initial growth stage

(growth thickness of 1-3nm) was closely studied. MgO served as an excellent substrate on which
even two monolayers of YBaCuO grew epitaxially with very smooth surface. The films grown on
both (100) and (110)-SrTiOs required thickness more than 10 nm to obtain epitaxial-like RHEED
pattern. The RHEED pattern itself still looked spotty, showing the surface roughness existing

even for 100 nm thick film grown on the SrTiOs substrate.

The heteroepitaxial and double-heter-

oepitaxial (superconbuctor/insulator/superconductor) technologies are also demonstrated in the text.
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Table 1 Epitaxial growth conditions.

Equipment t rf‘magnetron-sputter
Discharge gas t Ar+02(50%)

Gas pressure t 4Pa

Substrate temperature 500-700°C

Target composition 1 Y1Ba:CusOy (powder)
Discharge power I 50 W

Growth rate ¢ 4 nm/min

Substrate materials (100)-MgO, (110)-and

i (100) SrTiOs
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Fig. 1 Number density of surface prcipitations
as a function of Cu molar fraction in the film.
Ba/Y=2. An inset is an SEM micrograph of
the film (Cu/Y=4.4).
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Fig. 2 Typical examples of epitaxial films. The film thickness is 120 nm.
The (110)- and (001)-oriented films were grown epitaxially on (110)-

SrTiOs and (100)-MgO, respectively.
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Fig. 3 Ultra-thin YBaCuO growth. (110)-
SrTiOs substrates were used.
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Fig. 4 Ultra-thin YBaCuO growth. (100)-
SrTiOs and (100)-MgO substrates were
used. Film tihckness was 3 nm.
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Fig. 5 A single-heteroepitaxial growth on
(100)-MgO substrate. NdBaCuO (3nm)/
YBaCuO (3nm)/MgO substrate.
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Fig. 6 A single-heteroepitaxial growth on
(110)-SiTiOs substrate. NdBaCuO (120
nm)/YBaCuO (120 nm) /SrTiOs substrate.
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Fig. 7 A double-heteroepitaxial growth.
YBaCuO (150 nm)/MgO (20 nm)/YBaCuO
(150 nm) / (110)-SrTiOs substrate. An in-
termediate MgO layer was grown at 300°C.
RHEED patterns of a top YBaCuO (a),
intermediate MgO (b ) and bottom YBaCuO
(c).
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Fig. 8 A double-heteroepitaxial growth.
YBaCuO (150 nm) /MgO (20 nm) /YBaCuO
(150 nm)/(110)-ScTiOs substrate. An inter-
mediate MgO layer was grown at 550°C.
RHEED patterns of a top YBaCuO (a),
intermediate MgO(b) and bottom YBaCuO
(c).
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