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Research Topics 
・Magneto-optical properties of composition-spread thin films of transition-metal oxides
・Optical properties of the epitaxial thin films assessed using optical microscopy
・ Investigation of thin films to innovate new functional materials
Research Seeds 
Continuous estimation of magneto-optical properties of composition-spread thin films

To innovate new functional materials, the combinatorial approach with use of 
composition-spread films is promising because it enables coherent and systematic 
investigation of the properties of materials with 
continuously varying composition (Fig. 1). 

The solid solution system of Sr1-xCaxRuO3 undergoes 
a change of magnetism from ferromagnetic (SrRuO3) 
to paramagnetic (CaRuO3) with doping of x despite 
their similar lattice and electronic structures. To 
investigate the magnetic criticality of Sr1-xCaxRuO3, the 
combinatorial synthesis of the composition (x)-spread 
thin film is most promising. We used magneto-optical 
(MO) Kerr spectroscopy employing polarization 
modulation to examine systematic characteristics of 
magnetic properties. In Fig. 2 the MO spectra of Kerr 
rotation (θ) and ellipticity (η) are shown for 
Sr1-xCaxRuO3 with varying x at 10K. Contour maps 
in the plane of temperature vs composition x as 
constructed by the magnitudes of θ at 1.71 eV are 
also presented in Fig. 2. The x and temperature 
dependence of the Kerr rotation spectra have revealed 
systematic and continuous change of magnetization 
attributable to variation of band exchange splitting. 
The continuous transition from the ferromagnetic to 
the paramagnetic state at low temperatures suggests 
the quantum critical point of around x≈ 0.5 in this 
epitaxial thin film sample. Our results confirm the 
MO technique as a useful tool for efficient and 
systematic investigation of the magnetic state of 
the combinatorially prepared materials.  

[Reference] H. Koinuma and M. Kawasaki, Combinatorial Technology, Maruzen (2004) .
Related Technology 
・Magneto-optical Kerr spectroscopy
・Optical microscopy
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Continuous estimation of the properties of composition-spread films 

To innovate new functional materials, the combinatorial approach with use of
composition-spread films is promising, since it enables the coherent and systematic
investigation of the properties of materials with
continuously varying their composition (fig.1). 

The solid solution system of Sr1-xCaxRuO3 undergoes 
a change of magnetism from ferromagnetic (SrRuO3) to
paramagnetic (CaRuO3) with doping of x despite of 
their similar lattice and electronic structures. To
investigate the magnetic criticality of Sr1-xCaxRuO3, the
combinatorial synthesis of the composition (x)-spread
thin film is most promising. We employed the
magneto-optical (MO) Kerr spectroscopy employing the
polarization modulation technique to examine the
systematics of magnetic properties. In Fig. 2 the MO
spectra of Kerr rotation (θ ) and ellipticity (η ) are
shown for Sr1-xCaxRuO3 with varying x at 10K. The
contour maps in the plane of temperature vs
composition x as constructed by the magnitudes of � at
1.71 eV is also shown in Fig. 2. The x and temperature
dependence of the Kerr rotation spectra have revealed 
the systematic and continuous change of the 
magnetization due to the variation of the band 
exchange splitting. In particular, the continuous
transition from the ferromagnetic to the paramagnetic 
state at low temperatures suggests the quantum critical
point around x≈ 0.5 in this epitaxial thin film sample. 
Our results confirm that the MO technique is a useful
tool to investigate the magnetic state of the
combinatorially prepared materials efficiently and
systematically.
[References] H. Koinuma and M. Kawasak, Convinatorial Technology, Maruzen (2004)
Related Technology
・Magneto-optical Kerr spectroscopy
・Optical microscopy

Fig. 2. The temperature 
dependence of PL spectra 
of ZnO.
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Wide-band-gap semiconductor materials (ZnO) and quantum confinement system of 
semiconductor materials have attracted considerable interest in recent years because 
of their various remarkable physical properties and potential applications in a 
number of emerging areas such as optoelectronics and photonics.  
  To improve device performance, it is important to ascertain the behavior of carriers 
in the devices. Within the devices are three processes: carrier generation, transport, 
and recombination. Furthermore the transport and the recombination processes are 
mutually competitive. Therefore, we are trying to realize the performance improvement 
of optoelectronic devices by clarifying the carrier behavior in semiconductors 
through systematic measurements of carrier luminescence and transport properties. 
  Fig. 1 portrays a PL measurement apparatus. PL was excited using the 325 nm line 
from a He-Cd laser with power of 15 mW. The samples were mounted in an optical 
cryostat where the temperature can be varied from 10.0 to 300 K. We are attempting to 
realize simultaneous observation of both light emission and transport of carriers by 
adding an electric field application (current detection) function to the measurement 
system. 

 Fig. 2 shows the temperature dependence of PL spectra 
of a ZnO single crystal. One can find 
from Fig. 2 that the PL spectral shape 
of ZnO varies complicatedly with 
temperature. This complicated 
shape change is caused by a change 
in the origin of luminescence with 
respect to temperature. Because 
the distribution and relaxation 
processes of photogenerated 
carriers differ from those of 
temperature, the PL characters of 
ZnO can be clarified by measuring 
the ZnO carrier behavior. 

Related Technology 
・Optical measurement
・ Improvement of LED characteristics

Fig. 1. Experi-mental 
Setup.
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