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[Purpose and Background of the Research]

By integrating different characteristics and functions of
semiconductors and ferromagnets, we can create high-speed, and
low-power semiconductor devices with nonvolatile memory
functionalities, leading to innovative information systems. Asa
new class of materials which have both the properties of
semiconductors and ferromagnets, ferromagnetic semiconductors
(FMSs) are most promising. Not only Mn-doped FMSs such as
(Ga,Mn)As we have investigated so far, we extend our research to
new Fe-doped zinc-blende type narrow-gap FMS thin films,
heterostructures and nanostructures. We aim to explore and
control the properties, and apply them to spin-based devices.
Herewith we solve all the main problems and issues of FMSs: 1)
We create both n-type and p-type FMSs. 2) We increase the Curie
temperature (Tc) of FMSs to be higher than room temperature
(300 K)) and control the properties of FIMSs at room temperature.
3) We understand the mechanism of ferromagnetism in FMSsina
unified way. 4) We realize new low-power devices, such as spin
transistors with non-volatility and flexible information processing
functions, quantum devices using spin-dependent band structures,
and functional devices using topological states, which will be
suitable for future information technology.

[Research Methods]

() We grow Fe-doped and Mn-doped FMS thin films and
heterostructures by molecular beam epitaxy.

(2) We explore the properties of FMS thin films and
heterostructures, including their quantum effects.
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(3) Wk aim to control the various quantum effects in FMS thin
films, heterostructures and nanostructures, and related giant
spin-related responses, such as giant magnetoresistance ((1)
~ (3) will be carried out by Tanaka, Ohya and Anh).

(4) We electrically control the magnetic properties of FMS
quantum wells in field effect transistor (FET) structures
using wave-function engineering (by Anh, Ohya, Tanaka).

(5) Along with these experiments, we design the materials and
devices by theoretical calculations (by Yoshida, Tanaka).

(6) We fabricate spin transistors and topological transistors
using FMS heterostructures with low power consumption
(by all members).

[Expected Research Achievements and

Scientific Significance]

We solve all the main problems of FMSs: 1) Create both n-type
and p-type FMSs. 2) Increase the Curie temperature of FMSs to
be higher than room temperature and control the properties of
FMSs at room temperature. 3) Understand the mechanism of
ferromagnetism in FMSs in a unified way. 4) Realize new spin-
functional devices with low power, such as spin transistors with
non-volatility and flexible information processing functions,
quantum devices using spin-dependent band structures, and
functional devices using topological states, which will be suitable
for future information technology.
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