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Our research interest is to understand optical and quantum properties of nanometer-structured materials and to establish
opto-nanoscience for creation of innovative functional materials. Optical properties of semiconductor quantum
nanostructures and strongly-correlated electron systems in low-dimensional materials are studied by means of space-
and time-resolved laser spectroscopy. The main subjects are as follows: (1) Investigation of optical properties of single
nanostructures through the development of high-resolution optical microscope, (2) Development of nanoparticle assemblies
with new optical functionalities, and (3) Ultrafast optical spectroscopy of excited states of semiconductor nanostructures.
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Topics

Temperature Dependence of
Photoluminescence Spectra of Nondoped and
Electron-doped SrTiO;: Crossover from Auger
Recombination to Single-carrier Trapping

Transition metal oxides have attracted a great deal of
attention as new device materials due to their wide variety
of fascinating and multifunctional properties. SrTiO; is
one of the most important oxide materials. We studied
photoluminescence (PL) decay dynamics in highly photo-
excited SrTiO, crystals at low temperatures. The PL spec-
trum and dynamics show abrupt changes below 150 K in
both nondoped and electron-doped SrTiO, samples. We
clarified that the PL dynamics in both nondoped and
electron-doped SrTiO, is well described by the same
simple model involving single-carrier trapping, radiative
bimolecular recombination, and nonradiative Auger
recombination. The unusual temperature dependence of
PL dynamics is caused by the crossover from Auger
recombination at high temperatures to single-carrier
trapping at low temperatures.
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Figure 1. Temperature dependence of PL decay curves of nondoped
SrTiO,. Inset: PL decay profiles in the sub-nanosecond region.

Mn-Mn Couplings in Mn-doped CdS
Nanocrystals Studied by Magnetic Circular
Dichroism Spectroscopy

Fabrication and characterization of semiconductor
nanocrystals (NCs) doped with functional impurities have
been extensively studied due to interest both in the funda-
mental physics and potential applications in optoelectronic
devices. We studied on the optical and magnetic properties
of Mn-doped CdS nanocrystals coated with a ZnS shell

layer (CdS:Mn/zZnS core-shell nanocrystals) by magnetic
circular dichroism (MCD) spectroscopy. The magnetic
field and temperature dependences of the MCD spectrum
show paramagnetic behavior of the CdS:Mn/ZnS core-
shell nanocrystals. The MCD intensity increases with the
Mn concentration up to a few mol-%, and then starts to
decrease rapidly. This Mn-concentration dependence of
the MCD intensity can be explained by the formation of
Mn-Mn pairs in heavily doped nanocrystals.
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Figure 2. The splitting energy due to sp-d exchange (circles) and PL in-
tensities (crosses) of Mn-doped CdS NCs as a function of the Mn con-
centration. Inset: Schematic illustration of model Mn-doped CdS NC.

Photoluminescence Dynamics and Reduced
Auger Recombination in Si, Ge,/Si Superlattices
under High-density Photoexcitation

Electronic and optical properties in various types of Si
nanostructure have been extensively studied both from the
viewpoint of fundamental physics and the potential ap-
plication to electronic and optical devices. We studied PL
dynamics and multi-exciton recombination in Si,,Ge,/Si
superlattices under high-density excitation. Saturation of
the PL intensity and rapid PL decay are observed as the
excitation laser intensity is increased. These phenomena
occur due to nonradiative Auger recombination of the
electron-hole pairs. The Auger process in Si,,Ge,/Si
superlattices is less pronounced than that in the Si, ,Ge, /Si
single quantum wells. Our findings show that coupled
nanostructures have an advantage in efficient light emis-
sion and the control of many-body carrier dynamics.
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