
We can materialize the isotropic linear dispersion relation called photonic Dirac cone at the origin of
the reciprocal space (the  point) of photonic crystals (PhCs) and periodic metamaterials (Sakoda,
Opt. Express, 2012). We can make the effective refractive index vanish by using the photonic Dirac
cone and can materialize cloaking, lenses of arbitrary shapes, bent waveguides without bending loss,
etc. So, the Dirac cone is expected to be a new principle for fabricating optical micro circuits.
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It is one of the major achievements of modern optics to realize that we can modify the
optical properties of matter by controlling the radiation field. Nano-processing has
enabled the device fabrication in the optical wavelengths. Innovative developments are
in progress for optical devices such as high-performance light emitters and detectors.

I materialize the radiation-field control by photonic crystals, metamaterials, micro
cavities, and nano fibers. I also develop advanced light sources by using semicon-
ductor nanostructures such as quantum dots. I conduct quantitative theoretical analy-
ses to support material/device developments by experimental groups of NIMS.
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 Materialization of mid-IR photonic Dirac cones
 Invention of optical waveguides with small 

bending-loss based on ZnO nanofibers
 Theoretical analysis of the electronic states of II-

VI semiconductor nano crystals

 Surface emitting quantum cascade lasers by PhC
 Optical waveguides with small bending-loss by 

polaritonic nanofibers
 Efficient non-classical light sources by using 

optical microcavities
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Fig. 1 (a) PhCs on a SOI substrate. (b) Top and
(c) side views of SEM images.

Fig. 2   Comparison of  the reflection 
peaks and the mode frequencies.

I have been engaged in materializing Dirac cones in
collaboration with experimental researchers in NIMS. Fi-
gure 1 shows seven PhCs with different structural para-
meters fabricated by electron beam lithography in a SOI
substrate. Figure 2 compares their reflection peaks with
calculated mode frequencies, which shows a reasonable
agreement and confirms the presence of the Dirac cones.

I have also been engaged in the theoretical study of
polaritonic waveguides and nanocrystals made of II-VI
and III-V semiconductors.

 Technical Issues

 High-quality bulk crystal growth for hexagonal boron 
nitride―Temperature gradient method under high 
pressure and high temperature condition

 Growth for large size growth―Technically difficult

 Stacking faults; probably unavoidable

 To control the crystallinity with large growth area

 Chemical vapor deposition (CVD) method

 Suitable growth conditions, e.g., High temperature 
growth

 Appropriate selection of substrates

Hexagonal boron nitride as a promising  
atomic layer material
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 The crystal structure of h-BN composed of boron and nitrogen atoms in sp2

bonding, has no dangling bond in the out of plane direction. Combining this 
atomically flat layers and its insulating properties, h-BN is suitable for "supporting"
the research of the atomic layer physics.

 The growth to obtain high-quality crystals are limited to the crystal size of a few mm 
at present technology. Thus, new approaches such as a CVD method are required for 
the future atomic layer applications.
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 h-BN is an appealing substrate for 
graphene, because of atomically smooth 
surface.

 Layer growth method such a CVD method 
is required for the future application for 
graphene

 Synthetic insulating material for atomic layer 
device such as graphene

 New luminous materials in FUV region
 Nonlinear optical material 

Low Temperature 
growth

High Temperature 
growth

Thermal CVD Growth
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