SOLID STATE CHEMISTRY

Annual Research Highlights

(1) “Transparent conductivity in Nb-doped TiO,”
In order to control carrier density of TiO,, we have

examined substitution of penta-valent ions for Ti*".

Ti; xNbsO, epitaxial films were grown on SrTiO;
and LaAlOj; substrates by the pulsed laser deposition
(PLD) technique. X-ray diffraction measurements
confirmed that the synthesized films have the anatase
structure with the (001) orientation.

The revisitivity p of the films was abrupt decreased
with slight Nb doping, and reached p (300 K)=3x10"*
Qcm at x=0.05. The p—T curves show metallic
behavior with d p /d7>0, being a typical feature of
degenerated semiconductor. For x<0.1, the carrier
densities are equivalent to the Nb concentrations,
implying that doped Nb atoms are ionized with
efficiency of ~100 %. The x=0.05 film exhibits
internal transmittance of >90 %. These results
indicate that Ti; Nb,O, is promising as a transparent
conducting oxide material.

From optical conductivity measurements, the
effective mass of Ti,(Nb,O, is evaluated to be 0.4m,,
which is approximately one order of magnitude
smaller than that of rutile. This small m, value is

responsible for the high conductivity of Ti; \Nb,O..
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(2) “Epitaxial growth
laser-assisted orientation control of Alq3”

of pentacene and

Pentacene and Alg3 are important organic

semiconductors used 1in transistors and

electroluminescence devices. Preparation of
single crystalline thin films with large areas is
highly desirable for the study of electronic
structure and the development of organic devices.
We found that pentacene can be grown epitaxially on
hydrogen-terminated Si(111) surfaces. Pentacene
exhibits various polymorphs and “thin film form”
crystals are typically observed in vacuum deposited
films. Surprisingly, the lattice constants of the
monolayer films on hydrogen-terminated Si(111)
were the same as those of the “bulk form”. It comes
from the lattice matching conditions.

As for Alg3, we have found that optical excitation
of the molecule with polarized laser during the
vacuum deposition yields needle-shaped
microcrystals aligned parallel to the polarization
(Fig.2).

photovoltaic effect of polar semiconductor Alg3.

This phenomenon is due to the giant

Fig.2: Difference in (a)(b) AFM images and (c)-(f) electron
diffraction patterns of Alq3 generated by polarized laser
irradiation during the epitaxial growth of Alq3. Left and
right columns correspond to with and without laser
irradiation, respectively.
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