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[Purpose and Background of the Research]

Highly secure and safe networking is prerequisite
in the present society, and the importance of
quantum information and communication (QIC) is
more and more recognized these days. For the

realization and advancement of such
quantum-information networking, quantum
entangled photon pair (QEPP) sources are

important, and the parametric down conversion
(PDC) has been used as the standard photon source.
However the generation of QEPPs is not predictable
based on the Poisson statistics and the PDC is not
regarded as the practical source in the near future
applications. Quantum dots (QDs) have been the
prominent candidate for realizing “on-demand”
single-photon-(pair) sources, but the photon
extraction from semiconductors with high refractive
indices and the coupling to single-mode optical
fibers have been difficult.

In this work, we pursue (1) the enhancement of
photon extraction efficiency by embedding a
semiconductor pillar with QDs inside in
high-reflection metals such as Ag, (2) the
improvement of single photon purity generated
from QDs, (3) generation of QEPPs in the 1550-nm
optical-fiber communication band, (4) generation of
QEPP simultaneously with radiative recombination
of a Cooper pair, and (5) generation of QEPP
employing optical cavity enhancement effect. We
study the application of such photon sources to QIC.

[Research Methods]

This research relies on the Pauli’s exclusion
principle on energy states of QDs and this makes
single photon emission from QDs possible.
Especially, (1) we embed semiconductor photon
sources in Ag as shown in Fig. 1 and realize high

Figure 1 Pillar structure (left) and after
their embedding in Ag (right).
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Figure 2 1500-nm band single QD emission.

efficiency coupling of generated photons to a
single- mode optical fiber, (2) we minimize the
semiconductor volume that may generate noise
photons by embedding in metal, (3) we apply our
method to QDs emitting at the 1550-nm
optical-fiber communication band as shown in Fig.
2 and realize single photon and QEPP emitters in
this band, (4) the new principle of simultaneous
QEPP  generation with a  Cooper pair
recombination will be directly confirmed, (5)the
simultaneous QEPP generation based on optical
cavity enhancement will be combined with (1) for
realizing highly efficient QEPP sources.

[Expected Research Achievements and

Scientific Significance]
Realization of efficient QEPP sources based on new
physics will bring an impact to QIC.
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