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This research delves into the electronic properties and potential applications of a unique class of materials
known as “electronic ferroelectric” RFe;O4, where R is a rare earth element or Yttrium. The object of this study
is to investigate the electronic ferroelectric polarization characteristics of these materials. especially their
complex interactions with light and to deepen understanding of electronic ferroelectric materials from various
axes. We explored experiments on three types of electronic ferroelectric materials with different properties by
changing three types of R ions: YbFe;O4, LuFe;O4, and YFe;Os4, and mainly used the femtosecond pulse laser.

The first major section of this research is dedicated to analyzing the properties of YbFe,O4 thin films. We
focused on the ferroelectric properties of these films and clarified the possibility of using them as terahertz-
generating elements using pulsed lasers. Confirmation of the ferroelectricity of these thin films is done through
advanced second harmonic generation (SHG) experiments. Experimental results demonstrate that these films
not only have macroscopic ferroelectricity and are efficient in generating terahertz waves, but also exhibit
unique electrical properties. Such properties make YbFe,Oj4 thin films highly promising for the development of
future light-based technological devices, which could lead to innovations in optical research and high-speed
communications.

The second section of the study focuses on LuFe,Oj4 single crystals. In this part of the research, we investigate
the optical conductivity, and SHG dependence of incident light polarization, and thoroughly investigate the
ultrafast dynamics of electronic ferroelectric polarization after light irradiation. The results of these studies
revealed the anisotropic behavior of LuFe,O4 crystals. Unlike conventional ferroelectric materials, it was
observed that electronic ferroelectric polarization in this system increases after photoexcitation. This suggests
the potential application of this crystal as an ultrafast optical devices. It has also led to the elucidation of the
special characteristics of electronic ferroelectric polarization in terms of physics study.

The final part of this study focuses on the synthesis and examination of YFe>O, crystals. Previous research
indicated that the charge order of this crystal undergoes phase transitions as the temperature changes. We first
succeeded in synthesizing a single crystal of this system and elucidated the complex charge-ordered phase of
this system from three perspectives: SHG, X-rays, and magnetic susceptibility. Additionally, experiments
involving the application of a magnetic field at room temperature revealed that YFe,O4 is a new category of
multiferroic materials. This discovery is groundbreaking and will greatly contribute to the understanding of
electronically fluctuating materials. It may also lead to the addition of innovative chapters to the classification
and understanding of materials in this field.

In conclusion, this research examines the RFe;O4 system by investigate their interactions with light and reveal
their distinctive electrical and magnetic features through a variety of experimental approaches. The insights
gained are invaluable for the development of novel optical devices and technologies, also indicate that electronic
ferroelectric materials have great potential for future applications and physical research.
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