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Atomic-Layer-Controlled Molecular Beam Epitaxy of BSCCO
Superconductor Using Bi Self-Limiting Function
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BiZSrZCanCuMOy(BSCCO) superconducting thin films are grown by a molecular
beam epitaxy system in which precise atomic layer growth is realized by an atom flux
monitoring technology. Based on the study of sticking coefficients for constituent
elements, we have developed an excellent film growth technique of Bi self-limiting
function, which enables a controlled growth of Bi atomic layers. This technique is applied
for Bi,Sr,CuQ, thin film growth, and the validity of this technique is demonstrated by
the crystalline quality of obtained films. For Br,CaCyO, (Bi2212) superconducting
thin films, an advanced growth technique is invented: The Bi self-limiting function is
coupled with a chemical reaction in 1.5 nm molecular layer at the topmost surface of
the film. This technique is proven to be effective not only in Bi2212 film growth but
also in BiSr,Ca,Cu,0, film growth. The Bi self-limiting function is established as a
superior technique for the growth of high quality BSCCO thin fims.
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Fig.10 Setup of atomic-layer-controlled molecular beam epitaxy
system.
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Fig.200 Temperature dependence of the sticking coefficients of BSCCO
constituent elements in the case of Bi2212 growth. Open
diamonds are Sr, open triangles are Ca, open squares are Cu,
and open circles are Bi, respectively.
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Fig.30 Temperature dependence of the sticking coefficient of Bi in the
growth of BSCCO (open circle) and Bi,O, (closed circle).
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Fig.40 Growth model of Bi2201 by atomic-layer-controlled MBE
using the Bi self-limiting function.
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Fig.50 Relationship between the incident Bi flux during the film
growth process of Bi2201 and the amount of Bi in films. The
quantities on both axes are expressed by a variable x in the
chemical formula, BiXSrZCuOy. That is, for example, an
obtained film with x = 2 means that it has the stoichiometric
composition of Bi2201.
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Fig.60 (a) XRD patterns of the thin films which are labeld A-D in
Fig.5. (b) A magnified diffraction pattern at low angle region
of sample C shown in Fig.6(a). The lower curve shows a
simulation of the diffraction pattern where 30 stacks of Bi2201
structure with the c-axis lattice size of 1.225 nm is assumed.
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Fig.70 RHEED image of a 36-nm-thick Bi2201 film at 7200 on
SrTiO,. Electron beam is incident along SrTiO,<1 0 0>.
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Fig.80 AFM image (2 x 2 um?) and cross section profile of the 36-
nm-thick Bi2201 film.
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Fig.90 Releatioship between the incident Bi flux during the film
growth process of Bi2212 and the amount of Bi in films. The
quantities on both axes are expressed by a variable x in the
chemical formula, Bi Sr,CaCu,0,. That is, for example, an
obtained film with x = 2 means that it has the stoichiometric
composition of Bi2212.
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Fig.100 XRD patterns of the thin films which are labeled A-D in Fig.9.
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Fig.1100 A new growth process for stoichiometric-controlled Bi2212.
(a) 1.2 nm-thick Bi2201 growth using Bi self-limiting function.
(b) Ca and Cu atomic-layer depositions.
(c) Chemical reaction to form 1.5-nm-thick Bi2212 at the
topmost unit.

A

o

_II\_I
=

Time

Temperatire:

;

Fig.120 Temperature profile executing the process in Fig.11. T, is
temperature during Bi2201 growth and T, is during chemical
reactionto form Bi2212 molecular layer.
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Fig.130 RHEED images in the progress of new process for Bi2212
film growth, shown in Fig.11, (a) Bi2201 molecular layer is
grown, (b) Ca and Cu atomic-layers are deposited, and (c)
reacted and Bi2212 molecular layer is formed. DRHEED
images detect the changes of surface between the images (b)
and (a), and (c) and (b), sensitively.
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Fig.140 XRD pattern of a 45-nm-thick Bi2212 film grown on LaAIO,
by a new method of Bi self-limiting funcition and chemical
reactin processes shown in Fig.11.

Fig.150 RHEED image of the 45-nm-thick Bi2212 film on LaAlO,.

0 |
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Fig.160 AFM image (2 x 2 Om?) and cross section profile of the 45-
nm-thick Bi2212 film.
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Fig.170 Resistivity vs. temperature curve of a 9-nm-thick Bi2212
grown on SrTiO, using the new process shown in Fig.11.
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Fig.180 XRD patter of a 36-nm-thick Bi2223 grown by the new method
shown in Fig.11.
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