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Title
High-precision Driving System of Objective Lens Actuators
for Optical Disc Drives
Abstract

The data capacity and the data transfer speed in optical disc drives have been increased.
Objective lens actuators equipped with those drives are required to realize high-precise
positioning of an optical spot focused on a disc. Technical issues regarding driving
performances of objective lens actuators are summarized in acceleration sensitivity, vibration
characteristics and tilt accuracy of the objective lens. The purpose of this thesis is to derive
analytical models of objective lens actuators in order to provide their driving system applicable
to mass production with higher driving performances.

Chapter 1 describes research background and objectives.

Chapter 2 clarifies target values of the acceleration sensitivity, the vibration characteristics
and the tilt accuracy of the objective lens derived from the specifications of large-capacity and
high-speed optical disc drives.

Chapter 3 derives the acceleration sensitivity with respect to the power consumption, which is
defined by the geometric mean of the acceleration sensitivity with respect to the current and the
acceleration sensitivity with respect to the voltage conventionally used. The maximum
acceleration sensitivity with respect to the power consumption is achieved when the mass of
coils is half of the mass of the moving part of an objective lens actuator.

Chapter 4 addresses vibration characteristics of a supporting system with suspension wires of
the objective lens actuator. For the modeling of the supporting system with suspension wires,
silicone gel added to suspension wires as a damping element is considered as a viscoelastic
spring, and its elastic modulus is expressed as a function of the frequency. This vibration model
yields the main-resonance characteristics of the first-order vibration mode. Simulated results
with this model showed good agreement with experimental results.

Chapter 5 discusses resonances of higher-order vibration modes resulting from elastic
deformation of the moving part at high-frequency regions. A proposed design method
considering the vibration modes combined with the driving force distribution was applied to
reduce the resonance amplitude. Simulated and experimental results showed that the
higher-order resonance amplitude was decreased by carefully optimized arrangement of coils
and magnets using this method.

Chapter 6 describes a proposed method of reducing the tilt angle of the objective lens to
improve recording and reading performances in high-density optical discs. Based on simulated
results of magnetic flux density affecting the coils, it is revealed that the rolling moment is
reduced by arranging the magnetic flux densities increasing at one side of the coil and
decreasing at the other side of the coil. The cross layout of the tracking coils and the
inner-magnet layout were devised according to this principle. Static tilt and dynamic tilt at the
rolling resonance were reduced effectively with these structures.

Finally, Chapter 7 summarizes the results of this study.




