
 Development of ultra-high resolution display for resolution limit
 Performance limit in current thin film semiconductors (mobility, process temperature)
 For new function, such as flexible electronics

 New application based on ultra-high resolution display, such as artificial windows
 Low power consumption display using high-mobility thin film transistor (TFT)
 New function using flexible substrate
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High performance oxide-film semiconductor

 Thin film transistors for next generation displays
 Application in power electronics circuit
 Pixel transistor for micro-display

 Process Extension to large-area substrate
 Basic property control for higher mobility
 Explore the mobility limit of thin film system
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Property stabilization of amorphous InOx thin film semiconductor. 
Unstable vacancy was suppressed by dopant “Si” or “W”.

OxTFT on glass

Oxide TFTs on transparent glass

Oxide transistor fabricated on 
bendable glass

We fabricated homogeneous double-
layer amorphous Si-doped indium oxide 
TFTs with an insulating ISO cap layer on 
top of a semiconducting ISO bottom 
channel layer. The homogeneously 
stacked ISO TFT exhibited high mobility 
and normally-off characteristics after 
annealing in air. It exhibited normally-off 
characteristics because the ISO insulator 
suppressed oxygen desorption, which 
suppressed the formation of oxygen 
vacancies in the semiconducting ISO. 
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Quantum states at surface or edge of topological materials are attracting significant interest, 
and their exploration becomes one of the frontiers of condensed matter physics and materials 
science. Topology of electronic wave functions is expected to provide a key for realization of 
novel spintronics and robust quantum computation.

While topological phenomena are ubiquitous, much attention is paid to the topological 
electromagnetic (EM) transportation due to its broad application. Because the time-reversal 
symmetry (TRS) plays a role for bosonic EM wave completely different from that for fermionic 
electrons, realization of topological EM states with TRS remains challenging.
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 Proposal of a new way to realize topological EM state
 Use only dielectric material, such as Si and GaN
 No external magnetic field
 Emergent pseudo spin from crystal symmetry
 Equivalent to QSHE of electron systems

 Unidirectional EM edge transportation with TRS 
 Immune to scattering from sharp bend and disorder 
 EM wave controllable by pseudo spin
 New design principle for photonic filter and switch
 Idea applicable to phonons, cold atoms and electrons

(b) honeycomb  transition point
(a) trivial photonic insulator (PhI)
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EM wave w/o backscattering at sharp bend  topological protection

EM fields on artificial atom

honeycomb lattice

hexagon  artificial atom

□ Photonic band derived from Maxwell equations
□ Topological edge EM transportation

Photonic crystal based on dielectric cylinders □ Emergent pseudo TRS and pseudo spin

* TR operator of EM wave : 

* pseudo TR operator in our system :

orbital angular momentum  pseudo spin 
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