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Abstract of Thesis

The transition metal oxides with strongly correlated electrons have emerged as exotic materials with various
functionalities such as the colossal magnetoresistivity in manganites. Of particular interest is a typical
perovskite manganite (La,Pr, Ca)MnO, (LPCMO) which exhibits the insulator — metal transition (IMT) originating
from the coexistence of metal and insulator domains in a nanometer scale. Interestingly, peculiar
functionalities can be expected in the nanometer scale mixed-phase materials in which the electronic domains
were confined. To understand their nanopeculiar conductive property, the quantitative estimation of domain
evolution which shows the temperature—induced fraction change of metallic domain (X(7)) in the coexistence
phenomena becomes extremely important. Moreover, the estimation of dc conductivity (o, (7)) for nanoscale
electronic domains is also vital not only in elucidating the IMT behavior, but also in designing new functional
oxide nano electronics devices.

In this thesis, I have successfully developed an efficient technique to investigate the transport dynamics
in nanoscale phase-separated materials by taking advantage of terahertz time domain spectroscopy (THz-TDS).
My achievements are listed in following parts:

(1) T established the technique to investigate electrical transport properties, i.e., the simultaneous

evaluation of X(7) and o, (7) in a LPCMO film by the THz-TDS. 1 obtained the THz conductivity behavior

at different temperatures (o, (@, I) curves) for the film, and then I proposed an original *
insulator-metal composite model” to successfully explain the change of oy, (@, 7) behavior through
the IMT. This model enabled us to estimate the electrical transport properties for a mixed—phase oxide
film in a non—contact manner. This technique is applicable for other mixed-phase nanostructured
materials.

(2) 1 successfully estimated the electrical transport properties in a 100—nm-width LPCMO nanowires sample
through the IMT using the THz-TDS. By aligning the high—density nanowires parallel to the polarization
direction of THz pulse, I obtained their characteristic conductivity behavior oy, (@, 7). The X(7),
estimated by fitting o-THZ(a), 7) curves based on my proposed insulator-metal composite model, revealed
the rapid change of electronic domain from metal to insulator with increasing temperature in comparison
with the conventional film sample. Simultaneously this technique enabled us to evaluate the O'dc(])
for nanowires without attaching electrodes, indicating that this is a powerful tool for study of the
electrical transport properties in nanostructured materials.

(3) As a development of nanostructure fabrication, I successfully produced the manganite nanobox array
structures with precise control of their wall-width down to 30 nm using an original three—dimensional
(3D) nanotemplate pulsed laser deposition (PLD) technique. The X-ray photoemission spectroscopy on
the manganite nanoboxes structure indicated their peculiar IMT functionality. The nano—-oxides
fabricated by this 3D nanotemplate PLD technique will be one of good candidates for future applications

in nano—oxide—electronics.
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