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Abstract of Thesis

Radiation detection is increasingly important in various scientific and technological aspects. For
example, radiation detectors are useful in energy or power generation, manufacturing and service industries,
medicine, etc. Playing an integral role in various fields of interests, radiation detectors and more specifically,
scintillators, are investigated due to their practical importance. Among candidate scintillator materials, zinc
oxide (ZnO) is a II-IV semiconductor compound with a wide and direct band gap (3.3 eV) and large exciton binding
energy (60 meV). ZnO has excellent scintillator attributes including fast scintillation response, good spectral
match, high light yield, radiation-resistance, and stability. The investigations of ZnO as a scintillator, however,
are mostly focused on bulk crystals, powders, or optical ceramics. These studies comprise mainly of their
characteristics with radiation, their lifetime improvement through intentional doping, and their possible
utilization as a detector. All the while, the advancement of micro/nanoscale technologies has resulted to a wide
assortment of ZnO micro/nanostructures. With properties different from their bulk counterparts, these
micro/nanostructures hold a promise for future scintillator applications.

In this regard, this study investigates the optical properties of ZnO bulk crystals and microstructures as
ultrafast and efficient scintillator materials. Specifically, the investigation is aimed to: (1) identify the effects of
gamma-ray irradiation on the optical properties of ZnO bulk crystals; (2) determine the PL emission lifetimes of
ZnO microstructures; (3) characterize the optical emission of ZnO microstructures helpful in scintillator
applications; and, (4) propose possible designs for future ZnO-based scintillator devices. Bulk crystals and
microstructures are then prepared by hydrothermal and carbothermal methods. The microstructures studied are
uniform microrods, hexagonal crystals, and freestanding microribbons. To experimentally investigate the various
material characteristics and emission processes, the optical properties of the samples are analyzed using
time-integrated and time-resolved photoluminescence (PL) spectroscopies.

Several results are obtained upon the implementation of this study’s experimental design. ZnO bulk
crystals have improved UV emission lifetimes as fast as 390 ps to 1.5 ns after gamma-ray irradiation. The bulk
crystals are also proven to be radiation-resistant and stable with gamma-ray exposure. On the other hand, ZnO

microstructures have UV emission lifetimes faster than their bulk counterparts. Uniform microrods have
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emission lifetimes as fast as 30 ps, while hexagonal microcrystals and freestanding microribbons have lifetimes as
fast as 120 ps. Moreover, the hexagonal microrods with uniform dimensions and well-faceted surfaces exhibit
optical confinement leading to an amplified UV emission. A freestanding microribbon with uniform thickness and
flat surface also possesses microcavity and optical waveguiding effects. The microrods and microribbons can then
serve as amplifiers and optical fibers (couplers) in a scintillator device. In addition, proposed designs for future
scintillators based on ZnO include an ultrafast neutron detector, a secondary emitter layer, and a compact
scintillator screen. The ZnO bulk crystals and microstructures can work either as ultrafast emitters or efficient
detectors with external light coupling and internal reflection.

This body of work will nonetheless lead not only to the better understanding of the fundamental physical
phenomena and underlying mechanisms involved but also to the development of new radiation detectors. Bulk
crystals are suitable to work in harsh radiation environments such as in laser fusion reactors or in outer space.
Microrods, microcrystals, and microribbons can be used as fundamental building blocks for innovative and
integrated optoelectronic microsystems. Both bulk crystals and microstructures can effectively and efficiently
function as an external light coupler and internal reflector in a device. As an inorganic scintillator and

semiconductor compound, ZnO indeed holds a promise for excellent radiation detector applications.
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