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Bringing the
Nanolaboratory Inside
Electron Microscopes
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AA NANOLABORATORY IS ONE OF THE SYSTEMS TO REALIZE VARIOUS
nanoscale fabrications and assemblies to develop novel nanodevices to integrate borderless
technologies based on a nanorobotic manipulation system. We have presented the nanolabo-
ratory inside electron microscopes including a transmission electron microscope (TEM),
scanning electron microscope (SEM), and environmental-SEM (E-SEM) for three-dimen-
sional (3-D) and real-time nanomanipulation, nanoinstrumentation, and nanoassembly.

The following is a presentation of our current work of nanomanipulation and
nanoassembly based on the hybrid nanorobotic manipulation inside a TEM and an SEM
toward carbon nanotube (CNT) applications. Single cell stiffness measurement has been
also presented based on the nanorobotic manipulation system inside an E-SEM.

TOP DOWN, BOTTOM UP
Nanotechnology has an important role in the combinations of the top-down and bottom-
up approaches. The possibility to control the structure of matter, atom by atom, was first
seriously discussed by Richard Feynman in 1959, in his lecture,  “There’s Plenty of Room
at the Bottom,” which is now labeled “Nanotechnology” [1]. The wide scale controlled
devices from atomic scale to meter scale are expected to be realized in the near future
(Figure 1).

Molecular nanoassembly is one of the most impressive nanotechnologies. E. Drexler
proposes the machine-phase nanosystems based on self-replicative molecular assembler via
mechanosynthesis (Figure 2) [2], [3]. The molecular machines might be realized as effec-
tive mechanical systems in near future. Assemblers, which are one of the molecular
machines, might be created as a general purpose manufacturing device that is able to build
a wide range of useful products as well as copies of itself (self-replication).

To fill the gap between top-down and bottom-up approaches, nanomanipulations,
which realize controlling the position at the nanometer scale, are considered to be
promising (Figure 3). It might be a key technology to lead the appearance of replica-
tion-based assemblers. The top-down fabrication process, or micromachining, provides
numbers of nanometer structures at once. The bottom-up fabrication process, or chemi-
cal synthesis, such as self-assembly or super-molecule techniques, also provides numer-
ous nanometer structures. Both approaches reach nanometer scale with the limitations
of physical/chemical aspects at present. Hence, the technology to fill its gap is consid-
ered to be one of the important at this moment.

NANOLABORATORY BASED ON NANOROBOTIC MANIPULATION
Since the year 2000, we have been proposing a nanolaboratory based on a nanorobotic
manipulation system. [4]. It is one of the systems to realize various nanoscale fabrica-
tions and assemblies to develop novel nanodevices to integrate borderless technologies
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TEMs and SEMs focus on hybrid nanorobotic
manipulation for carbon nanotube applications.

Authorized licensed use limited to: NAGOYA UNIV. Downloaded on February 24, 2009 at 23:06 from IEEE Xplore.  Restrictions apply.



based on a nanorobotic manipulation
system. It is readily applied to the sci-
entific exploration of mesoscopic phe-
nomena and the construction of
prototype nanodevices. It would be
one of the most significant enabling
technologies to realize the manipula-
tion and fabrication technology with
individual atoms and molecules for the
assembly of devices.

Recently, the investigation of nano-
electromechanical systems (NEMS) has

attracted much attention [5]–[8]. It is
expected to realize high-integrated,
miniaturized, and multifunctional devices
for various applications. One effective
way is the direct usage of the bottom-up
fabricated nanostructures. The nanolabo-
ratory is rapidly prototyping ways to con-
struct such high-precision systems under
controlled environments. Figure 3 shows
the strategies of a nanolaboratory based
on a nanorobotic manipulation system.
The applications under dry or semi-wet

conditions can be done through a
TEM/SEM or E-SEM nanorobotic
manipulation system.

The nanolaboratory is a fundamental
technology for property characterization of
nano materials, structures, and mecha-
nisms; for the fabrication of nano building
blocks; and for the assembly of nano
devices.

The nanolaboratory can be applied
for nanoassembly and nanoinstrumenta-
tion, such as nanohandling, nanomodifi-
cation, and nanowiring using various
nanomaterials under microscopes
through nanofabrication techniques
based on a nanorobotic manipulation
system (Figure 4).

NANOROBOTIC MANIPULATIONS
Nanorobotic manipulation—nanomanip-
ulation—has received much more atten-
tion since it is an effective strategy for
the property characterizations of individ-
ual nanoscale materials and the construc-
tion of nanoscale devices (Figure 5) [9].
To manipulate nano-scale objects, one
must observe them with a resolution
higher than nanoscale. Hence, the
manipulators and observation systems,
microscopes in general, are necessary for
nanomanipulations.

Figure 6 shows the strategies of
nanomanipulations with various kinds
of microscopes. As shown in Table 1,
the nanomanipulation under various
microscopes for 2-D/3-D nanomanipu-
lations. The optical microscope (OM) is
one of the most historical and basic
microscopes. However, its resolution is
limited to ~100 nm due to the diffrac-
tion limit of optical wavelength
(�400� �800 nm) explained by
Abbe’s law. The special techniques
(e.g., using evanescent light or fluores-
cent light) are needed for the observa-
tion under nanometer scale objects
[10]. To observe the nanoscale objects,
a resolution higher than nanoscale is
required. Until now, the scanning probe
microscopes (SPMs) and electron
microscopes are readily used for the
nanomanipulation techniques. They may
be the core-most part of nanotechnolo-
gy. One of the attractive future applica-
tions of nanomanipulation is to realize
the ultimate goal of nanotechnology.
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FIGURE 1 Schematic diagram of nanotechnology (top down and bottom up).

FIGURE 2  A fine-motion controller for molecular assembly—a 100 nm-scale manipualtor arm [3].
© Institute for Molecular Manufacturing (www.imm.org). Image used with permission.
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