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Abstract of Thesis

The advancement of micro/nano robotics allows us to get better understanding about the nature. Its
application in biology certainly promotes the quality of life and helps preventing the loss of human life
Today, micro/nano robotics plays many major roles in both research and clinical use. For example, the
characterization of biological and mechanical properties would not be possible without this technology
Furthermore, handling of a microscale unit, i.e., an isolated cell, for fascinating operations such as cloning,
enucleation, and cell cutting mainly relies on this technology. Due to the advancement of this micro/nano
robotics in biological application, another higher goal which is tissue assembly is set as an ultimate goal
by many researchers. Many microrobotics technologies could possibly be used to achieve the goal. However,
these technologies which were designed for handling a single unit at a time may face many difficulties during
the assembly. As a result, the assembly approach integrated with scaffold-based approach presented in tissue
engineering field is considered by our work. The combination of robotics technology with tissue engineering
would facilitate many difficult tasks.

This dissertation presents a cell culture chip with an Active Surface. The surface is made of
polydimethylsiloxane (PDMS), a material chosen for its biocompatibility, optical transparency, high
elasticity, and leakage prevention. In principle, the elastic membrane of Active Surface allows for
applicability in various tasks such as cellular formation, assembly, manipulation, and stimulation. In this
work, the utility of Active Surface will be demonstrated in cellular formation and manipulation. For the design,
Active Surface consists of an array of membrane actuators which enable the formation of many temporary
scaffolds. It certainly facilitates the construction of many different cellular structures, used as building
units in the bio—assembly. The use of incompressible fluid, i.e., glycerin or plant oil, as the working fluid
has confirmed the shape stability of deformed membrane over long period. As a result, the scaffold provided
by our chip can support the cellular construct while cells are forming their cellular interaction. Our concept
of active surface is firstly confirmed by the fabrication of micropatterned gel sheets with a thickness of
200 um. Furthermore, with a slight modification, our Active Surface is used for the fabrication of different
cellular structures including lattice, flat round, and spheroid. To demonstrate more applications, it is also
used to generate the toroidal scaffolds enabling the self-assembly of toroidal cellular aggregates. Due to
the elasticity of our active surface, the fabricated toroidal aggregates can be recovered noninvasively from
the scaffolds. The cell viability test suggests the effectiveness of our concept in various applications in
tissue engineering. Since cell cultivation normally takes at least 3 days, the scaffold structure should be
maintained during that period. Generally, the cell culture chip requires a bulky connection with an external
power source which limits the mobility of the device in practical experiment. Thus, a thermal latch valve
which could help maintaining the scaffold structure without energy consumption over the long period is also
presented in this dissertation. The functional verification and preliminary experiment with a membrane actuator
demonstrates a great potential in biological experiments. The combination of active surface and thermal latch

valve could certainly emerge a new dimension in micro/nano robotics for bio-assembly.
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