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(1) Highlight 2007
a. Discovery of Iron-based superconductors
We found a layered

iron based
oxypnictide LaOFeAs
exhibits
superconducting
transition when
F1ions are doped to
the Oz! sites,

evidenced by zero
resistivity (0) and

perfect diamagnetic

susceptibility (y). Te

depends largely on
the F1ion content, exhibiting the highest temperature of ~26 K at ~11% F-ion content.
Observed Tcis the highest among transition-metal-based-superconductors except

Cu-based superconductors. We have also observed minimum resistivity in the normal
conducting state in the ©-T curves of the underdoped samples (F-ion content less than
11%). The minimum temperature decreases with the F- content and seems to merge with
7cin the overdoped samples. Such behavior is analogous to that observed in the

Cu-based oxide superconductors, suggesting the minimum is associated with “spin gap”.
Moreover, a large magnetic susceptibility in the normal phase implies a possibility that
the superconductivity is due to “spin triplet Cooper pair”. This possibility is
circumstantially supported by the observation that the same structure compound
LaOCoAs, in which Co2+(3d7) has one more electron than Fe2+(3ds), undergoes itinerant
ferromagnetic transition at ~65 K. The F-doping to the oxygen-sites increases the
electron density around Fe2+in LaOFeAs, while Ca2+ion doping, which should
compensate carrier electrons (hole generation), decreases the electron density. The

observation that the F-doping induces the superconductivity, but the Ca-doping did not,



suggests a novel view that the superconducting phase in the electron-doped LaOFeAs is

located close to the ferromagnetic phase, LaOCoAs.

b. Discovery of Metal-Insulator and Metal-Superconductor Transition Light
metal oxides such as CaO, Al,O; and SiO, are most abundant materials on the earth and are
representative electrical insulators. Therefore, almost no electro-active function has been developed
in spite of their inherent advantages such as environmental compatibility and low material cost.

In this report we show an inorganic electride 12Ca0O-7Al,05:¢" (C12A7:¢) exhibits
superconducting transition. Here, electride is an ionic crystal in which electrons serve as anions.
C12A7:¢ is composed of representative insulators, CaO and Al,Os, and “anionic electrons” which
are nominally replacing the crystallographic site of a specific oxygen anion. The transition was
clearly observed at 0.2-0.4 K depending on the carrier concentration and the volume fraction of
superconducting phase determined by ac magnetic susceptibility measurement is almost 100 % for
the bulk single crystalline samples. This is the first superconductor realized in the family of light
metal oxides as well as electrides.

C12A7:¢ was synthesized by electron doping > 1.5x10*'c¢m™ to C12A7 crystal via removal
these counter oxygen ions in the nano-cages keeping the original crystal structure as illustrated

below.
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The precursor of electride, C12A7, is a constituent of aluminous cement which is widely used. This
material has a unique crystal structure composed of sub-nanometer-sized cages in which free oxygen
ions are entrapped as counter anions. The resultant material composed of the representative
insulators and “anionic electrons”, so that the unique crystal structure of electride is considered to be
a new material platform to realize a new superconductor.

This finding would change an image for light metal oxides which are used as the major
ingredients of traditional ceramics, stimulating the interest of material scientists for natural

nanostructure embedded in abundant materials.



c. Elucidation of Electronic State in Transparent Amorphous Oxide
Semiconductors
Ionic amorphous oxide semiconductors _IAOSs_ are new materials for flexible thin

film transistors that exhibit field-effect mobilities of 10 cm2 V-1 s—1 _K. Nomura et al.,
Nature 488, 432 (2004). The local coordination structure in an IAOS, In-Ga-Zn-O
a'1GZ0, was examined using extended x-ray absorption fine structure analysis
combined with ab initio calculations. The short-range ordering and coordination
structures in a-IGZO are similar to those in the corresponding crystalline phase,
InGaZnO4, and edge-sharing structures consisting of In-O polyhedra remain in the
amorphous structure. The In3+ 5s orbitals form an extended state with a band effective

mass of 0.2me at the conduction band bottom.
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