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Research Contents ‘ Interfacial Properties and Photo-Control in BSCCO/Oxide Semiconductor Heterojunctions

Bi2SraCaCu20s+x (BSCCO) is a layered material composed of alternating superconducting (CuO2 planes) and insulating
layers at the atomic scale. It has attracted attention as a potential terahertz wave source and is also expected to play an
important role in quantum technology applications such as quantum bits. Furthermore, photo carrier injection (PCI), which
enables non-contact and dynamic control of carrier density and electronic states in superconducting materials via light
irradiation, is regarded as a key technology for the development of next-generation quantum, optical, and terahertz devices
based on BSCCO. PCI is a technique that enables high-speed and spatially selective control of physical properties, which is
difficult to achieve using conventional chemical doping or electric field modulation. As such, it is attracting attention as a

novel approach to carrier and property control in transition metal oxides, including BSCCO.

However, previous studies on PCI in BSCCO have required specialized light sources
such as ultrafast pulsed lasers or terahertz radiation, as well as advanced materials
such as graphene. These requirements have posed a high barrier to entry for research
and have limited the broader applicability of PCI due to constraints in equipment and
materials. In this study, we focus on a fabrication process for heterojunctions using
the metal-organic decomposition (MOD) method, which is a type of solution process.
In this method, a solution of metal organic acid salts is applied to a substrate and
then heat-treated to form a thin film. This approach is simple and versatile, allowing
for precise control of composition and uniform doping of semiconductor thin films at
arbitrary concentrations through precursor solution mixing. On the other hand, when
fabricating multilayer structures, it is essential to optimize the process to minimize
the thermal impact on underlying layers. As a new approach to realizing PCI in
BSCCO, this study aims to fabricate BSCCO/oxide semiconductor heterojunctions
using the MOD method and to investigate the realization of PCI through the
photovoltaic effect at the junction interface. In doing so, we aim to clarify the nature of
the interfacial properties and examine the conditions under which PCI occurs.

To date, we have fabricated samples with the geometry shown in Figure 1, using
p-type semiconductor Cu20 and n-type semiconductor ZnO, and evaluated their
spatially averaged electrical transport properties using the van der Pauw method [1].
As shown in Figure 2, we have confirmed that in both types of heterojunctions, the
underlying BSCCO layer undergoes a superconducting transition above liquid
nitrogen temperature [2,3]. Furthermore, we have observed that the BSCCO/Cu20
junction forms a good ohmic contact, while the BSCCO/ZnO junction exhibits
nonlinearity and rectifying behavior. Currently, we are conducting mapping
measurements to visualize local variations in electrical conductivity.
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Figure 1. Schematic diagram of
BSCCO/Semiconductor junction.
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Figure 2. RT properties of the BSCCO layer.
(a) BSCCO/Cu,0 junction
(b) BSCCO/ZnO junction
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