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Abstract

In the current “information explosion” era, the amount of the digital data used throughout the world is
increasing exponentially. This trend requires the data capacity, the data transfer rate, and the low-power
operation of storage devices.

In the field of optical disks, rewritable phase change optical disk technology has been established and
the products such as DVD and Blu-ray Disc have been shipped. Currently, the trend of the R&D activities
is at the turning point from consumer use to archival systems, for which the higher data capacity and the
higher data transfer rate are required.

Flash memories, the mainstream of semiconductor non-volatile memories, have achieved quite low
power operation, whereas the data capacity evolution and the endurance are in the critical situation. From
this background, phase change memory technology has attracted attention as a next-generation
non-volatile memory. There is, however, concern about high power consumption required for recording
bits in a phase change memory.

From the above-mentioned backgrounds, this dissertation describes and discusses two subjects. One is
the multilayer super-resolution optical disk method using a phase change material, which can achieve
both the large data capacity and the high data transfer rate. The other is the superlattice phase change
material for a phase change memory, where the low-power switching was demonstrated and its
mechanism was studied.

Chapter 1 describes the fundamentals of phase change phenomena and materials, and provides the
background and the motivation of the studies in this dissertation.

Chapter 2 introduces the fundamentals of optical disk technology and the position of this study.

Chapter 3 presents the study on the super-resolution (SR) techniques to obtain the optical resolution
beyond the diffraction limit. Firstly, the SR technique using cobalt oxide is discussed, where the
enhancement of the optical resolution was demonstrated in both ROM and recordable disks. Next, in
order to extend the SR technique to multilayer optical disks, the multilayer SR method using phase
change pits is proposed. The disk for this method is fabricated using the phase change etching technique
where only the crystalline regions in a phase change material are etched. Applicability of this technique to
a dual-layer disk was experimentally demonstrated. The calculation indicates that this technique has the
potential to achieve the data capacity of over 700 GB in a disk.

Chapter 4 describes the fundamentals of a phase change memory. The phase change memory using the
conventional phase change material was quantitatively analyzed, which reveals the problem of thermal
disturbance which is the barrier for larger data capacity.

Chapter 5 presents the study on the superlattice (SL) phase change material to solve the
above-mentioned problem. After the introduction of the concept of the SL material, the study on the
sputtering conditions and the demonstration of the low-power switching are described. Next, the electric
and optical experiments to clarify the switching mechanism in the SL material are described, whose
results lead to the hypothesis that the phase transition in the SL material is induced by the in-plane
electric field. The perspectives of the phase change memory using SL materials are discussed based on
the above-mentioned results.

Chapter 6 summarizes the studies and discusses the perspectives of phase change recording technology.




