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MBE Growth of Particle-Free Oxide Thin Films and Technology for Device

Fabrication
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Atomic-layer-controlled molecular beam epitaxy (ALC-MBE) is applied for
preparing BjSr,CaCuQ, (Bi2212) ultrathin films and SrTixxhin films. Precise control
of composition by the ALC-MBE enable to grow particle-free Bi2212 ultrathin and
SrTiO, films over areas of several tens of mnSuperconducting zero-resistance
transition is observed for the Bi2212 ultrathin films more than 3.0nm in thickness. High
dielectric constant over 2@nd excellent insulating properties are measured for §rTiO
thin films. The ALC-MBE technique is also applied for fabricating metal/insulator/
superconducting structure in order to develop a superconducting electric-field effect
device. DC properties of electric-field effect on the Bi2212 ultrathin films are measured.
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Fig.10 Temperature dependence of the resistivity of m-half-unit-cell

thick Bi2212 ultrathin films (m = 1, 2, 3, 4, 6). Thickness of 1-
half-unit-cell is corresponding to 1.5 nm.
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Fig.20 AFM images of the particle-free Bi2212 ultrathin film.
Thickness of the ultrathin films is 1.5nm. Here, several square-
shaped features (one of them is indicated by the arrow) are
etch pits created by the substrate etching. Therefore these
features have nothing to do with the particle-free growth.
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Fig.30 A magnification image and section profile of the ultrathin film
shown in Fig. 1.
(a) shows the magnification image and (b) shows the section
profile measured along the line in (a).
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Fig. 40 AFM images of a 3-half-unit-cell thick Bi2212 ultrathin films
grown on an n-half-unit-cell thick Bi2201 buffer layer. (a) n =
0, meaning that no buffer layer was grown, (b) n =1, and (c) n
= 5. Several square-shaped features seen in (c) are the etch pits
mentioned before.
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Fig.50 EDX spectra of a 10-half-unit-cell thick Bi2212 thin films
grown on a 1-half-unit-cell thick Bi2201 buffer layer. (a)A
spectrum from the particle-free region. (b) A spectrum from

the particles.
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Fig.60 Temperature dependence of the resistivity of a 3-half-unit-
cell thick Bi2212 ultrathin film with an n-half-unit-cell thick
Bi2201 buffer layer (n =0, 1, 5, 10).

gorokODoOoOOoOOoOOoOOoOOOO

OBiz2z2120000S8rTiO,00000000O0O0ODOO
ODODO0O00o0O0O0oOobobDOoOobobDOoOooDbooOoBi2201
goobooooobboooobbobouooboboo
0o000ooooo srTio,000Bi221200000000
OD0DO00O000O0000BiI22010Bi22120 000000
O000D000000Bi2120000S8rTiO,0O0O0O0O
goodoooooooz.3poooobooboboboobooo
goooboobooooobboooooboooooboo
O00000O0O0000OO0O0oODoOogBizeol0O0OOO
gosrTio,000000ODO0O00O0O0OOO270000

Fig.70 RHEED patterns of SrTiO, thin films with different composition
ratios. (a) Sr:Ti = 1:1, (b) Ti 15 % rich, (c) Sr 15 % rich.
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Fig.80 AFM images of SrTiO, thin films with different composition
ratios.(a) Sr:Ti = 1:1, (b) Ti 15 % rich, (c) Sr 15 % rich. The
AFM images shown in (a) and (b) are particle-free.
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Fig.90 Fabrication procedure of the MIS structure using a metal mask
installed in the ALC-MBE machine.
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Fig.100 Dielectric and insulating properties of the SrTiO, thin films
grown on Nb-doped SrTiO, substrate. Temperature
dependence of relative dielectric constant for each sample with
different composition is shown in (a). Electric-field
dependence of relative dielectric constant for the sample of

with Sr:Ti = 1:1 is shown in (b). Electric-field dependence of
leak current density with different composition is shown in

(©).
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Fig.110 Drain current vs. voltage curves of the Bi2212 ultrathin films
with various gate voltage. (a) and (b) show the properties of
the sample whose thickness of the ultrathin film and SrTiO
is 15 nm and 150 nm, respectively.
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