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Preface

Micro-Nano robotics and automation technologies have rapidly been grown by
associated with growth of Micro and Nanotechnologies. This book represents a
summary of principals in micro-nano scale engineering and the current state of art
of related technologies.

Currently, in our daily life, “Microtechnology” is commonly used and
embedded for various devices and systems, such as automobiles, computer
peripheries, printers, cameras, amusements, robotics, automation, environmental
monitoring, energy resource, and biological-medical treatments to increase their
performance, accuracy and to improve energy consumption, cost performance and
so on. “Micromechatronics” came up as the one of the important technology by
miniaturizing the elemental devices on sensors, actuators, and computers in micro-
scale. Recently, “Nanotechnology” comes up to have an important role in the
industrial applications as an advanced field of mechatronics named as
“Nanomechatronics’.

On the other hand, a manipulation technology enables us to control the small
objects locally or individually. For industrial applications, automation technology
is important to.improve efficiency for the creation of large-scale structural devices
from small scale based on the micro-nano manipulation techniques.

In this book, we summarize some major techniques which are related with
micro-nano robotics and micro-nano manipulation technologies, such especially
micro-nano fabrication, micro-nano assembly, micro-nano control techniques,
micro-nano materials, micro-nano evaluation techniques and so on. It is Various
devices are investigated based on the micro-nano mechatronics technologies to
realize  high-efficiency, high-integration, high-functionality, low-energy
consumption, low-cost, miniature, saving material usage and so on.

One of the application field is the “system cell engineering” which is a new a
new academic field aiming at synthetic understanding of cell function using
engineering (Fig. 1). The manipulation techniques are one of the key factors to
analyze/control to reveal the functions of biological cell system. Recently, the
research direction is moving to synthesis from analysis of biological cells based on
the system cell engineering.
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Fig. 1 System Cell Engineering by Micro-Nano Robotics and Automation

Through the micro-nano robotics and automation technologies, various
research fields are investigated to achieve the next-generation science and
engineering applications as shown in Fig. 2. In robotics field, the soft and wet
robotics is key technology to mimic the biological system or combine the
biological and artificial systems for example. The importance of micro-nano
manipulation is that this technology is placed on the borderline between bottom-
up and top-down fabrication and assembly technologies as shown in Fig. 3.
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Fig. 2 Innovations by micro-nano robotics and automation

This copy belongs to 'eichhorn’

High Efficient/ \
Automation



Preface VIl

OM (2D/3D
Manipulation)
Microscope/

Imaging [ TEM/SEM (2D/3D Manipulation)
| STM/AFM/SNOM (2D Manipulation) |

Fabrication/ . Top-down
A bly Bottom-up op-do
Atomic scale | Nano scale I Micro to Macro scale
1A 1nm 10nm 100nm 1am

Fig. 3 Micro-Nanomanipulation based on imaging technologies for micro-nano fabrication and
micro-nano assembly

In this book, we introduce the advanced technology from the basics and
applications aspects of micro-nanorobotic manipulation system with their
applications and related technologies. This book is organized as follows:

In Chapter 1, we introduce the overview and introduction of micro-
nanorobotics and manipulation technology with some historical background and
current achievements with related works.

In Chapter 2, the physics in micro-nano fields is explained in the scaling
effects, mechanics, electronics, fluidics, surface interaction, and optical physics.

In Chapter 3, the related technologies in micro-nano scale are explained about
the material and science, microscopes, fabrication technology, sensing and
actuation, control techniques, and assembly techniques.

In Chapter 4, bio-manipulation system under optical microscope is explained
under optical microscope by on-chip micro-fluidics devices, micro-tools, and laser
micro-nano manipulations.

In Chapter 5, a rotational speed control of single bacterial flagellar motor is
introduces as one of the applications of micromanipulation system under optical
microscope.

In Chapter 6, nanomanipulation system is introduced under electron
microscopes, with configurations of nano-robotics and manipulation system,
hybrid nanorobotic manipulation system inside FE-SEM/TEM, nanorobotic
manipulation system inside E-SEM, nano-tool exchanger system under hybrid
microscope, automation of nanorobotic manipulation system inside E-SEM.

In Chapter 7, measurement, manipulation, and assembly of carbon nanotubes
are explained under FE-SEM and TEM based on the nanomanipulation system.
The techniques of picking up, cutting, peeling, bending, fixing of carbon
nanotubes are presented as one of the applications of nanomanipulation system
under optical microscope.

In Chapter 8, measurement and analysis of biological cells are explained under
E-SEM for single cell nano-surgery system, especially mechanical property
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VIII Preface

characterization, adhesion force measurement, electrical measurement, and cutting
of single cell using various nano-tools such as nanoprobe/ nanofork/ nanoputter/
nanopicker/ dual nanoprobe with automation system.

In Chapter 9, we give a description of summary and applications of micro-
nanorobotic manipulation and their applications finally.

We would like to acknowledge that the leading researchers extensively in the
world to evolve the micro-nanomanipulation and related fields. We especially
thanks to the excellent contributions of all students graduated from our laboratory
to achieve fabulous results, especially for Dr. Lixin Dong, Dr. Ahmad Ridzuan,
Dr. Liu Pou, Dr. Hisataka Maruyama, Dr, Akihiko Ichikawa, Dr. Akiko Kawaji,
Dr. Kousuke Nogawa, and Dr. Yajing Shen. We express our sincere appreciation
for the publication of this book supported by Nagoya University, the 21st COE
program "Micro- and Nano- Mechatronics for Information-Based Society”, and
the global COE program “COE for Education and Research of Micro-Nano
Mechatronics”. This book would not have been possible without these generous
supports.

Nagoya, January 2012 Toshio Fukuda
Fumihito Arai
Masahiro Nakajima
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