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Metal oxide thin films possess various crystal structures and compositions, and their properties vary
widely, resulting in a large range of potential applications. Recently, gallium oxide (Ga20O3) and zinc oxide
films both have attracted much attention because of their wide band gap [1,2]. Due to their advantages
consisting of high transparency and thermal stability, these two films have been used for several
optoelectronic applications including photodetectors, flat-panel displays, gas sensors, and transparent
electronic devices. To prepare high-quality oxide films, pulsed laser deposition (PLD) is a promising
technique since it can maintain the consistent composition of the target material and its atomic-layer control
can be achieved by adjusting the laser repetition rate. In this study, Ga»Os films (prepared at 1000 °C) and
cobalt-doped ZnO (CZO, prepared at 200-700°C) were both grown by PLD using a KrF laser source.
During the films growth, the stoichiometric ceramic Ga,O3; and CZO target (5 at.% Co) were employed and
c-plane (001) sapphire were used as substrates. Moreover, the optical properties of these two films were
analyzed in detail by spectroscopic ellipsometry.

In general, the crystal quality of the PLD-oxide films was improved with increasing the substrate
temperature. To study the optical properties, square of the absorption coefficients and refractive index (n)
spectra were measured at room temperature for the CZO films prepared at various substrate temperatures. It
reveals a shape near 2.14 eV can be assigned as *Az(F)—2A1(G), which could be caused by the d-d
transitions in the Co?* ion with 3d” high-spin configuration. Moreover, the optical transmittance and band
gap of the GaxOs films increased with increasing the substrate temperature. The optical properties of
1000°C-grown Gay0s films were measured by a temperature-dependent (from room temperature to 600°C)
spectroscopic ellipsometry system. Figs. 1 and 2 show the temperature-dependent refractive indexes and
extinction coefficients of Ga,Os films, respectively. It was found the location of the highest refractive index
(at 230-250 nm) exhibits an s-shape change. More detailed about the correlation between crystal structure
and ellipsometry analyses will be present in this paper.

[1] Dong-Sing Wuu et al., Materials Chemistry and Physics, 133 700-705 (2012)
[2] Dong-Sing Wuu et al., Journal of Alloys and Compounds 663 107-115 (2016)
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Focus of this talk

» Thin-film wide bandgap semiconductors, in particular for oxide-based materials, have been
widely explored for their universal applications such as electronics, optoelectronics, and
spintronics.

» These wide bandgap oxide materials possess several advantages including high electron
mobility and a wide bandgap in the blue and ultraviolet spectrum. Additionally, the devices
fabricated with these semiconductors can show highly stable performance under irradiation
conditions.

» To expand the application scope, these oxide semiconductors with thin-film type are more
promising. In various growth methods, pulsed laser deposition (PLD) is more beneficial to
prepare high-quality film because of its atomic-layer control and high energy laser source.

» In this talk, the characterizations consisting of optical properties investigated by
spectroscopic ellipsometry and device applications of PLD-grown wide bandgap oxide
(cobalt-doped ZnO and Ga,03) semiconductor films are presented.

Ga,0, photodetector

ZnO used in display

¢ Introduction
# Characteristics of PLD technique
Wide bandgap oxide films by PLD in this study
ZnO-based materials
Ga,05-based materials
Pulsed laser deposition system
Growth mechanism of PLD
4 PLD of diluted magnetic cobalt-doped ZnO (CZO) electrodes in
efficiency improvement of InGaN light emitters
& Structural, PL, electrical, magnetic and optical (transmittance and spectroscopic
ellipsometry) of CZO films
# CZO electrodes used for InGaN light emitters
& High performance solar-blind Ga,0; photodetectors prepared
by PLD
¢ Structural, compositional and optical (transmittance and spectroscopic
ellipsometry) of Ga,0; films
& Fabrication and performance of solar-blind Ga,0O; photodetectors
# Conclusion
o & 2FEAL 3

* 6 0 00

PLD of diluted magnetic cobalt-doped ZnO
(CZO) electrodes in efficiency improvement
of InGaN light emitters

) ki 4

In comparison to previous researches on CZO DMSs, the PLD-CZO
films proposed in our study possess lower electrical resistivity,
good magnetic characteristic and excellent transmittance. This
reveals the PLD-CZO films are potentially useful both in the
spintronic and optoelectronic devices.

The results investigated by spectroscopic ellipsometry confirm the
400 C-grown CZO film possesses less structural defects occurred
in CZO/substrate and more oxygen vacancies.

By incorporating the 400 € -grown CZO film in the LED structure,
the difference of mobility between the electron and hole carriers in
the device can be decreased efficiently, resulting in the increment of
carrier recombination rate and the improvement of the light output
power.

| CELEEE s

Ga,0, films were grown at various substrate temperatures ranging
from 400 to 1000 < by PLD. In the temperature-dependent
spectroscopic  ellipsometry measurements, the position of
extinction coefficient=0 for the Ga,O, film shifts to larger wavelength
when the measured temperature increases from room temperature
to 600 <C, which could induced by the healing of surface state.

Besides, during the lowering-temperature process, the refractive
index and extinction coefficient of the Ga,O; film are almost the
same as those of original state, revealing that the Ga,O, film indeed
possesses a highly thermal stability.

The better device performance of 800 <«-grown Ga,0; MSM
photodetector can be attributed to the higher crystal quality and
fewer O vacancies in this film. This indicates the Ga,O; films
presented in our study have high potential for solar-blind
photodetector applications.

) ki 6
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