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Functions”
Outline of the work:
Prof. Yoshinori Tokura has innovated and led a new field of science on strongly correlated electronic
materials, which can show gigantic and ultrafast responses of electronic properties with minimal energy
dissipation.
Strongly correlated electronic state indicates the state where the mutual Coulomb repulsion suppresses the
itinerant motion of each electron in solids. In this system, there emerge novel and gigantic responses/
properties/functions which can never be expected from the simple assemble of individual elements (electron,
spin, and atom etc.). This phenomenon is termed “emergence”. Strongly correlated electronic system is a
representative arena of “emergence”, where the dramatic changes of states, i.e., the phase transitions, occur
between the competing phases. Near these phase transitions, marvelous and intriguing electronic functions,
such as high temperature superconductivity, colossal magneto-resistance, and colossal magneto-electric effect
appear as the gigantic responses to external stimuli. These systems showing the emergent phenomena are the
subject of intensive researches in materials science, and also begin to be used in applications as new
innovative electronic materials. On the other hand, the obtained knowledge on the physics will be the
foundation for new functional operations of electrons. Prof. Tokura has accomplished many achievements
and been leading the forefront of the researches in the world by exploring the new correlated materials and
electronic functions.
First, Prof. Tokura proposed the generic rule (called Tokura rule) for the high-temperature superconductors,
and discovered by himself the electron doped high-temperature superconductors following this rule. This
discovery, showing the electron-hole symmetry, is still one of the most important milestones in the researches
of high-temperature superconductors. This achievement prompted Prof. Tokura to explore a vast range of
correlated-electron materials, especially transition-metal oxides, and their new electronic properties/functions.
This idea originates from the insight that anomalous metallic states near the Mott transition are the abundant
mine of astonishing physical phenomena such as the high-temperature superconductivity and colossal
magneto-resistance (the phenomenon where the resistivity changed orders of magnitude by an external
magnetic field). As an example, Prof. Tokura has explored the colossal magneto-resistive materials such as
manganese oxides, and unveiled their electronic functions. Namely, the correlated electrons ordering in nanoscale are instantly melted by a magnetic field to result in a metallic state (electron liquid). Since this work by
Prof. Tokura, the principle of gigantic responses by competing electronic phases has become widely
understood, and the developments of new materials/functions based on it have been started targeting other
materials also. Prof. Tokura has established that this transition from insulator to metal and/or ferromagnet can
be induced by not only a magnetic field but also the photo-excitation, X-ray irradiation, and electric field
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within the time-scale of femtosecond in the systems such as manganese-, cupper-, and vanadium oxides.
Especially, the researches on the electric-field induced meta-insulator transition has lead to the recent
development of the high speed, high density, and non-volatile memory devices, and are now regarded as the
pioneering work of the ReRAM close to practical use (Resistive Random Access Memory, a memory device
utilizing the resistance change due to the electric field).
Furthermore, Prof. Tokura’s group accomplished a breakthrough in the research of correlated transition
metal oxides, that is, the discovery of the multiferroics – the coexistence of ferroelectric and magnetic orders.
According to Maxwell’s electromagnetism, the time-dependent electric and magnetic fields are not
independent of each other. However, the control of magnetism (electric polarization) by electric (magnetic)
field is difficult and only tiny responses have been observed thus far. Prof. Tokura has realized the gigantic
response also in this magneto-electric effect in solids by using the ordering of spins and orbitals of electrons.
This phenomenon is now shown to be due to the relativistic spin-orbit interaction, and has grown to be a new
principle – enhancement of responses using the electronic orderings in solids – for the novel electronics and
materials design, which will enable the remarkable functions such as ultra-low energy consumption
information technology and electric control of magnetization. In fact, Prof. Tokura, collaborating with a
theory group, has revealed clearly that the gigantic Hall effect (anomalous Hall effect) by the magnetization
in ferromagnets is due to the dissipation-less spin currents, and also recently discovered “Hall effect of
magnetic excitations in insulating magnets” and “nano-scale spin vortex producing the fictitious magnetic
field of hundreds of Tesla (skyrmion)”. By these works, Prof. Tokura continues to produce new and innovative
concepts with a wide vision ranging from spintronics to materials design and developments.
As described above, Prof. Tokura has founded the new and rich materials science and technology crucial
to the energy functions based on the paradigm of strongly correlated electrons, which is far beyond the simple
discovery of a new useful functional material.

Reference
[1] Materials rule and design of high-temperature superconductors
1-1. J.B. Torrance, Y. Tokura, A.I. Nazzal, A. Bezinge, T.C. Huang, and S.S.P. Parkin: “Anomalous
disappearance of high-Tc superconductivity at high hole concentration in metallic La1-xSrxCuO4”, Phys.
Rev. Lett. 61, 1127 (1988).
1-2. Y. Tokura, J.B. Torrance, T.C. Juang, and A.I. Nazzal: “Broader perspective on the high-temperature
superconducting YBa2Cu3Oy system – the real role of the oxygen-content”, Phys. Rev. B 38, 7156
(1988).
1-3. Y. Tokura, H. Takagi, and S. Uchida: “A superconducting copper-oxide compound with electrons as the
charge-carriers”, Nature 337, 345 (1989).
1-4. Y. Tokura and T. Arima: “New classification method for layered copper-oxide compounds and its
application to design of new high-Tc superconductors”, Jpn. J. Appl. Phys. 29, 2388 (1990).
[2] Insulator-Metal transition and fundamental physical properties of strongly correlated electrons
2-1. T. Arima, Y. Tokura, and J.B. Torrance: “Variation of optical gaps in perovskite-type 3d trasition-metal
oxides”, Phys. Rev. B 48, 17006 (1993).
2-2. Y. Tokura, Y. Taguchi, Y. Okada, Y. Fujishima, T. Arima, K. Kumagai, and Y. Iye: “Filling dependence
of electronic properties on the verge of metal Mott-insulator transitions in Sr1-xLaxTiO3”, Phys. Rev. Lett.
70, 2126 (1993).

6
2-3. M. Imada, A. Fujimori, and Y. Tokura: “Metal-insulator transitions”, Rev. Mod. Phys. 70, 1039 (1998).
2-4. Y. Tokura and N. Nagaosa: “Orbital physics in transition-metal oxides”, Science 288, 462 (2000).
[3] Development of materials and exploration of physical properties in colossal magneto-resistive oxides
3-1. A. Urushibara, Y. Moritomo, T. Arima, A. Asamitsu, G.Kido, and Y. Tokura: “Insulator-metal transition
and giant magnetoresistance in La1-xSrxMnO3”, Phys. Rev. B 51, 14103 (1995).
3-2. Y. Tomioka, A. Asamitsu, Y. Moritomo, H. Kuwahara, and Y. Tokura: “Collapse of a Charge-Ordered
State under a Magnetic Field in Pr1/2Sr1/2Mn03”, Phys. Rev. Lett. 74, 5108 (1995).
3-3. H. Kuwahara, Y. Tomioka, A. Asamitsu, Y. Moritomo, and Y. Tokura: “A First-Order Phase-Transition
Induced by a Magnetic-Field”, Science 270, 961 (1995).
3-4. Y. Okimoto, T. Katsufuji, T. Ishikawa, A. Urushibara, T. Arima, and Y. Tokura: “Anomalous Variation of
Optical Spectra with Spin Polarization in Double-Exchange Ferromagnet: La1-xSrxMnO3”, Phys. Rev.
Lett. 75, 109 (1995).
3-5. Y. Moritomo, A. Asamitsu, H. Kuwahara, and Y. Tokura: “Giant magnetoresistance of manganese oxides
with a layered perovskite structure”, Nature 380, 141 (1996).
3-6. Y. Tomioka, A. Asamitsu, H. Kuwahara, Y. Moritomo, and Y. Tokura: “Magnetic-field-induced metalinsulator phenomena in Pr1-xCaxMnO3 with controlled charge-ordering instability”, Phys. Rev. B 53,
R1689 (1996).
3-7. K.L. Kobayashi, T. Kimura, H. Sawada, K. Terakura, and Y. Tokura: “Room-temperature magneto
resistance in an oxide material with an ordered double-perovskite strcutre”, Nature 395, 677 (1998).
3-8. Y. Tokura: “Critical features of colossal magnetoresistive manganites”, Rep. Prog. Phys. 69, 797 (2006).
[4] Study of photo-induced phase transitions and gigantic optical responses
4-1. S. Koshihara, Y. Tokura, K. Takeda, and T. Koda: “Reversible photoinduced phase-transitions in single
crystals of polydiacetylenes”, Phys. Rev. Lett. 68, 1148 (1992).
4-2. K. Miyano, T. Tanka, Y. Tomioka, and Y. Tokura: “Photoinduced insulator-to-metal transition in a
perovskite manganite”, Phys. Rev. Lett. 78, 4257 (1997).
4-3. H. Kishida, H. Matsuzaki, H. Okamoto, T. Manabe, M. Yamashita, Y. Taguchi, and Y. Tokura: “Gigantic
optical nonlinearity in one-dimensional Mott-Hubburd insulators”, Nature 405, 929 (2000).
[5] Fundamentals of correlated electronics
5-1. T. Kimura, Y. Tomioka, H. Kuwahara, A. Asamitsu, M. Tamura, and Y. Tokura: “Interplane tunneling
magnetoresistance in a layered manganite crystal”, Science 274, 1698 (1996).
5-2. A. Asamitsu, Y. Tomioka, H. Kuwahara, and Y. Tokura: “Current switching of resistive states in
magnetoresistive manganites”, Nature 388, 50 (1997).
5-3. H. Yamada, Y. Ogawa, Y. Ishii, H. Sato, M. Kawasaki, H. Akoh, and Y. Tokura: “Engineered interface of
magnetic oxides”, Science 305, 646 (2004).
5-4. A. Sawa, T. Fujii, M. Kawasaki, and Y. Tokura: “Hysteretic current-voltage characteristics and resistance
switching at a rectifying Ti/Pr0.7Ca0.3MnO3 interface”, Appl. Phys. Lett. 85, 4073 (2004).
[6] Study of multiferroics and giant magneto-electric effect
6-1. T. Kimura, T. Goto, H. Shintani, K. Ishizaka, T. Arima, and Y. Tokura: “Magnetic control of ferroelectric
polarization”, Nature 426, 55 (2003).
6-2. T. Goto, T. Kimura, G. Lawes, A.P. Ramirez, and Y. Tokura: “Ferroelectricity and giant magneto
capacitance in perovskite rare-earth manganites”, Phys. Rev. Lett. 92, 257201 (2004).

7
6-3. Y. Yamasaki, S. Miyasaka, Y. Kaneko, J.P. He, T. Arima, and Y. Tokura: “Magnetic reversal of the
ferroelectric polarization in a multiferroic spinel oxide”, Phys. Rev. Lett. 96, 207204 (2006).
6-4. S. Ishiwata, Y. Taguchi, H. Murakawa, Y. Onose, and Y. Tokura: “Low-Magnetic-Field Control of
Electric Polarization Vector in a Helimagnet”, Science 319, 1643 (2008).
6-5. Y. Tokura, and S. Seki: “Multiferroics with Spiral Spin Orders”, Adv. Mater. 22(14): 1554 (2010).
[7] Fundamentals of new spintroncis: Anomalous Hall effect and topological quantum phenomena
7-1. Y. Taguchi, Y. Oohara, H. Yoshizawa, N. Nagaosa, and Y. Tokura: “Spin chirality, Berry phase, and
anomalous Hall Effect in a frustrated ferromagnet”, Science 291, 2573 (2001).
7-2. Z. Fang, N. Nagaosa, K. S. Takahashi, A. Asamitsu, R. Mathieu, T. Ogasawara, H. Yamada, M. Kawasaki,
Y. Tokura, and K. Terakura: “The Anomalous Hall Effect and Magnetic Monopoles in Momentum
Space”, Science 302, 92 (2003).
7-3. X.Z. Yu, Y. Onose, N. Kanazawa, J. H. Park, J. H. Han, Y. Matsui, N. Nagaosa, and Y. Tokura: “Real-space
observation of a two-dimensional skyrmion crystal”, Nature 465, 901 (2010).
7-4. X.Z. Yu, N. Kanazawa, Y. Onose, K. Kimoto, W. Z. Zhang, S. Ishiwata, Y. Matsui, and Y. Tokura: “Near
room-temperature formation of a skyrmion crystal in thin-films of the helimagnet FeGe”, Nat. Mater. 10,
106 (2011).
7-5. S. Seki, X.Z. Yu, S. Ishiwata, and Y. Tokura: “Observation of Skyrmions in a Multiferroic Material”,
Science 336, 198 (2012).

