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I VA S 4 Study on Electron Irradiation Effects and Characterization of

Natural and Synthetic Sapphires Using Gathodoluminescence and
Photoluminescence Techniques
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The electron irradiation effects and luminescence properties of various natural and synthetic sapphires were
investigated mainly using cathodoluminescence (CL) and photoluminescence (PL) techniques. Chapter 1
described the background, the aim of the present study and basic properties of various types of sapphires
examined in this study. In Chapter 2, some phenomena induced differently for the various types of sapphires by
keV-electron irradiations were described. The phenomena included bleaching and micro-cracking phenomena
as well as irradiation-induced changes in luminescence peaks of the F* and Cr?* centers. These were strongly
sample-dependent. In addition, information on depth distributions of the F* and Cr3* centers was deduced
non-destructively by varying the incident electron beam energy in CL. measurements. Chapter 3 described the
results of temperature dependence of the F* center, which was strongly sample-dependent. It was found that
the F* center was sensitive not only to the electron beam fluence but also to the beam current. In addition, the
thermal activation energies for the irradiation-induced changes in the F* center were strongly sample-dependent.
On the other hand, the Ti*" center peak and satellite peaks of the Cr3* center were found to follow different
temperature dependences. In Chapter 4, it was described that obvious changes of the F* and Cr3* centers
including peak shifts and peak broadenings were observed as well as color changes after hydrogen plasma
exposure to the sapphire specimens. The H-plasma exposure affected most strongly Be-diffused natural
sapphire (BNS) specimen. It was also found that the observed peak shifts of the F* center were explained
reasonably in terms of two components of the F* center, whose intensities and peak widths changed with
H-plasma exposure and subsequent annealing treatment, depending on the specimens. Furthermore, the Cr3*

center was found to be affected largely by such H-plasma treatment. In addition, the H-plasma treatment
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effects were found to remain even after a two-hour air annealing at 1000°C while the color was recovered by the
post annealing. In Chapter 5, two luminescence peaks of the Ti** center at *3 eV and the Cr3* center at ~1.8 eV
centers were investigated for the various sapphires using a time-resolved PL technique. The Ti** emissions
observed in the three types of sapphires had sample-dependent lifetimes and were decomposed to two
components peaked at ~ 2.8 and =~ 3.1 eV originating from the Ti** and Ti*" states, respectively.
Sample-dependent PL lifetimes were also observed for the Cr3* center when excited by 220- and 580-nm
excitation lights. In Chapter 6, possible methods to distinct BNS samples from the other types of sapphires
were proposed, based upon the experimental findings described above. These included the electron-irradiation
phenomena, CL properties, time-resolved PL properties and H-plasma treatment effects. In this chapter, I
discussed the present status of gemstone identification techniques using non-destructive analyses in the case of
sapphires and usefulness of the methods employed in this study. In Chapter 7, the conclusions obtained in the

present dissertation were summarized.
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