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Outline of the work:

Because oxides are the most abundant and stable compounds on Earth, they are major ingredients of
traditional ceramics, such as cement and glass. However, their electroactivity remains limited. Prof. Hideo
Hosono’s research has focused on developing novel electroactive functionalities in crystalline and amorphous
oxides through his own materials design concept, leading to some materials applicable to industry. His major
achievements are summarized below.

(1) Discovery of iron-based superconductors

Iron with a large magnetic moment is a representative magnetic element. Since magnetic ordering is
incompatible with superconductivity, iron derivatives were widely thought wunlikely to show
superconductivity. Prof. Hosono and co-workers discovered that LaFePO and LaFeAsO, H, (x=ca. 0.1)
superconducted below critical temperatures (Tc) of ca. 4 and 26 K, respectively. These discoveries were
accepted with surprise by the condensed matter science communities and sparked extensive research globally.
The maximal Tc for these iron-based superconductors (IBSCs) reached 56 K, which is the next to the high-Tc
cuprate counterparts. The paper reporting a Tc value of 26 K was the most cited paper of 2008 and this
discovery of IBSCs was chosen as the breakthrough of 2008 by the Science Magazine. In addition, the
researchers revealed that the critical grain boundary tilting angle to keep high critical current is almost twice
as large as that of the cuprate superconductors, employing epitaxially grown thin films deposited on bi-crystal
substrates. This finding prompted research on superconducting wires and led to wires presenting performances
exceeding those of commercial metal superconducting wires under strong magnetic fields.

(2) Development of transparent oxide semiconductors

Despite their long research history, the use of transparent oxide semiconductors has been limited because
of the lack of p-type materials and promising applications. Prof. Hosono solved these two issues by creating a
series of transparent crystalline and amorphous p-type oxide semiconductors following materials design
principles based on chemical bonding. Subsequently, he fabricated transparent p-n junctions, p-channel oxide
thin film transistors (TFTs), and complementary metal-oxide—semiconductor devices using SnO. In terms of
device applications, he designed transparent amorphous oxide semiconductors (TAOSs) exhibiting high
electron mobility and reported a series of TAOS materials. Moreover, he fabricated transparent TFTs using
the TAOS InGaZnOx (IGZO) as an active channel layer. IGZO-TFTs can be fabricated at low temperature by
conventional sputtering and present an order of magnitude larger mobility than amorphous hydrogenated Si-



TFTs. They are used as backplanes for new flat panel displays, such as large-sized organic light-emitting
diode television screens and liquid crystal displays for tablet PCs, PC monitors and so on.

(3) Realization of stable electrides and elucidation of their physical properties

Electrides, ionic compounds in which electrons serve as anions, had been reported in organic compounds.
However, their potential as materials had remained unexplored because of their extremely high sensitivity to
heat and ambient atmosphere. Prof. Hosono synthesized the first room-temperature stable electride (C12A7:¢)
using crystalline 12Ca0-7A1,0, (C12A7), an alumina cement component usually utilized as an insulator. This
material showed metallic conduction and superconductivity at low temperature. This work is considered as a
ground-breaking discovery (Chem. & Eng. News), leading to the launch of the “Element Strategy Initiative”,
Japan’s original science and technology policy. Furthermore, Prof. Hosono created a highly efficient catalyst
for ammonia synthesis at ambient pressure using Ru-loaded C12A7:e utilizing the properties of low work
function but chemical inertness arising from the unique crystal and electronic structures.

In conclusion, Prof. Hosono’s research on introducing electroactive functionalities in oxide-based
materials has opened new doors to condensed matter research and practical industrial applications.
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