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Miniature linear actuators are required for a variety of future devices ranging from mobile devices
to minimally invasive medicines. For example, the miniaturization of camera modules is required to
meet the rising demand for thinner and more compact structures in various fields, such as cellphones,
drones, and endoscopes. A camera module for smartphones must be designed to be thin because the
thickness of smartphones is strictly limited by their specifications. In these, miniature linear
actuators play an important role in controlling optical systems, such as zoom and autofocus features,
to allow camera modules to obtain clearer images. For thinner and smaller applications, a further
miniaturization of auto-focus mechanisms is expected. Therefore, miniature of linear actuators is a
permanent target for such applications, as existing linear actuators cannot satisfy the specifications
required for the miniature devices such as dimensions and thrusting force.

Piezoelectric ultrasonic motors have the potential to become the most appropriate linear motors for
miniature applications as they feature simple structure and high force density. In fact, several
miniature linear ultrasonic motors have been already implemented to cameras. Their theory of
operation depends mainly on the simultaneous excitation of two vibration modes and resonant impact
drive mechanisms. This drive mechanisms employs vibration modes that are dependent on the stator
length. Although these miniature linear ultrasonic motors provide a relatively high force density, the
requirement of a long stator adds to the complexity of further miniaturization.

Further miniaturization of linear ultrasonic motors has been studied using several principles in the
past, but still none has satisfied the requirement of many applications. This thesis introduces two
miniature linear ultrasonic motors. Several vibration modes have been implemented as the driving
principles of the prototypes. The result prototypes, to our knowledge, are the smallest and the thinner
linear motors ever made.

The first prototype is a micro linear ultrasonic motor with a cuboid stator. The stator comprises of a
metallic cuboid and piezoelectric elements bonded to its four sides. The size of the prototype stator
with piezoelectric elements measures 2.6 mm in height, 2.6 mm in width, and 2.2 mm in depth (length
in slider travel direction). There is a hole of 1.4 mm at the stator center, and the slider inserted into
the hole moves linearly. This hollow design is similar to the voice coil motor and is suited as linear
actuators for miniature auto-focus mechanisms. As the driving principle, it uses the simultaneous
excitation of two vibration modes generated by the cuboid stator. Experiments clarify the output
characteristics in response to the input voltages. By optimizing the preload between the stator and
slider experimentally, the motor thrust force has been improved to over 10 mN, which is a practical
force for moving small objects. In addition, a minute displacement of about 1 um can be obtained by
adjusting the input time of the applied voltage.

The second one is a miniature linear piezoelectric ultrasonic motor with a thin and hollow design. It
consists of a thin square stator with a hole and an elastic cylindrical slider with a slit. The miniature
stator has a height and width of 4.5 mm and a thickness of less than I mm with a center hole of 2.7




mm for inserting the slider. The slider is designed to have a slightly larger diameter than the diameter
of the stator hole, and the cylinder expands radially and contacts the inner surface of the rigid stator
representing a preload force. This design provides both a hollow structure for centering a lens and
an optimal preload for enhancing the motor thrust force. After optimizing the preload empirically,
the fundamental characteristics are evaluated experimentally. The output force is improved to
approximately 8 mN at a voltage 50 V,_,. A higher thrust force of 12.9 mN that leads to a quick
response, which is a requirement of autofocusing is obtained at a voltage amplitude of 100 V,_,. A
practical experiment to prove the feasibility of the prototype for auto-focus mechanisms has been
carried out. The experiment is conducted by fitting an actual lens to the prototype, then place the
lens at a distance of an image sensor. A feedback control system is then implemented to change the
distance between the sensor and the lens to get a clearer image. Furthermore, this motor is
miniaturized to a length of Imm and a thickness of 0.3 mm, and its performances are evaluated.

The findings in this thesis demonstrate that the proposed motors provide size and performances that
cannot be achieved by conventional miniature linear motors.




