
Nanofabrication toward 
novel photonic and electronic devices

Keywords: lithography, liquid crystals, plasmonics, semiconductors 

Shoichi Kubo
Optical Materials Field / Colloidal Crystal Materials Group
KUBO.Shoichi@nims.go.jp | https://samurai.nims.go.jp/profiles/kubo_shoichi?locale=en

 Nanosized metals and semiconductors exhibit unique characters. 
 Fine nanofabrication will contribute to the development of novel nanoscale devices.
 High throughput and fine nanofabrication techniques are required for practical 

application.

 Development of nanofabrication techniques by merging lithography techniques and 
self-organization methods.

 Design and fabrication of nanostructured materials towards advanced optic and 
electronic devices

 Fabrication of sub-100nm metal patterns at a 
large area for optical application.

 Uniaxial orientation of inorganic nanorods by 
conventional LC alignment techniques.

 Fine nanopatterning by controlling the interface 
of different materials

 Visible frequency metamaterials for unique 
optical properties such as negative refractive 
indices.

 Development of integrated nanoscale transistors.
 Next generation devices exhibiting novel 

photonic and electronic properties.
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Fine patterning at a large area for optical devices

Towards visible frequency metamaterials

Uniaxial orientation of inorganic nanorods
hybridized with liquid crystals (LCs)
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Towards nanoscale electronic / optical devices
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Transmission distance of current QKD is 
limited by several 10 km.

Exceeding this limit requires the 
development of quantum link protocols. 

A source of entangled photons is a key 
element in its realization. 

A single atom in a vacuum can emit 
entangled photons. In analogy, 
quantum dots, artificial atoms, are 
expected to produce entanglement. 

In this case, the structural symmetry of 
dots must be high. 

We achieved highly symmetric dots, 
which emitted entangled photons, 
using the NIMS original growth 
technique. 
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 Information security is a global issue. 
 Quantum technologies ensure absolute security in the transmission of information
 A key device to achieve quantum network is the source of entangled photon pairs. 

 A single atom can emit entangled photons
 A single quantum dot serves as an alternative solid-state entangled photon source
 Versatility, brightness, high-temperature operation
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 We developed high-performance solid-state 
entangled photon sources. 

 The magnitude of quantum correlation exceeded 
those of pervious works. 

 We can supply high-quality quantum dot samples 
for fundamental researches. 

 Current devices emit visible wavelength photons. 
We plan to extend WL for telecom applications.

 Current devices work with optical injection. We 
plan to develop charge-injection devices.
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Asymmetric dots cannot 
make entanglement, but 
symmetric dots can do. 

Comparison between the 
figure-of-merits of our 
source and reported 
values.

－ 42－

　
　F

unctional M
aterials


