
Chapter 13
Advanced System for Nanofabrication
and Nanomanipulation Based on Shape
Memory Alloy
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A. Shelyakov and R. Jede

Abstract Miniaturization is the central theme in modern fabrication technology.
Many of the components used in modern products are becoming smaller and smaller.
Here it is reported about the frontier nano-assembling and nano-investigations using
new practical 3-D nanomanipulation system based on advanced high precision
piezoelectric resonance motors, and the bimetallic composite nanotweezers based on
Ti2NiCu alloy with shape memory effect. The system for the first time gives the real
possibility for high-speed three-dimensional controllable reproducible, manipulation
and fabrication of large-scale nanostructures in SEM, TEM, SEM, FIM microscopes
under vacuum, air and liquid conditions. The system can manipulate real
nano-objects, i.e., nanotubes and bio-nanoparticles. The size of the objects to be

S. von Gratowski (✉) ⋅ V. Koledov
Innowledgement GmbH, Konrad-Adenauer-Allee 11, 44263 Dortmund, Germany
e-mail: contact@innowledgement.de
URL: http://www.innowledgement.de

V. Koledov
e-mail: victor_koledov@mail.ru

V. Koledov ⋅ V. Shavrov
Kotel’nikov Institute of Radioengineering and Electronics Russian Academy of Sciences
Moscow, Moscow, Russia
e-mail: shavrov32@mail.ru

S. Petrenko
Lileya Ltd., Ukraine, Kiev, Ukraine
e-mail: tyl1@naverex.kiev.ua

A. Irzhak
National University of Science and Technology “MISiS”, Moscow, Russia
e-mail: airzhak@gmail.com

A. Shelyakov
National Research Nuclear University “MIFI”, Moscow, Russia
e-mail: Alex-shel@mail.ru

R. Jede
Raith GmbH, Dortmund, Germany
e-mail: jede@raith.de

© Springer Nature Singapore Pte Ltd. 2018
M. Muruganant et al. (eds.), Frontiers in Materials Processing, Applications,
Research and Technology, https://doi.org/10.1007/978-981-10-4819-7_13

135



manipulated: 30–1000 nm; the motion range—15 mm, the minimal step—0.4 to
10 nm, the thermal drift <5 nm/h at 20 °C; the speed of linear motion: 20–20 mm/s.
The experimental design and test of the new generation nanotools based on original
bilayer Ti2NiCu/Pt composite structures is described. The production technology is
based on standard ion beam nanofabrication technology for full cycle of operational
stages of practical nanotweezers production with record small dimensions:
(3–20) × (2–3) × 1.6 μm3. The technological experiments were done by usage of
a novel focused ion beam instrument Raith ionLiNETM. ionLiNETM Raith was
applied for experimental composite nanotweezers production on the base of
Ti2NiCu/W with length—30 μm, gap width 0.9 μm. The tests showed high quality
of reproduction and long-term operation of nanotweezers under thermal control at
temperature change only 14 K.

Keywords Nanomanipulation ⋅ Nano-assembling ⋅ Nanofabrication
Nanowires/nanotubes ⋅ Bottom-up approach ⋅ Shape memory alloys
Nanotweezer

1 Introduction

The numerous nanoscale materials, such as nanoparticles and nanostructures in
particular, 1-D and 2-D nanomaterials: nanotubes [1–3], nanowires (NWs) [3–5],
nanorods, nanotubes and nanobelts of various materials, individual organic mole-
cules, graphene [6], nanoclusters, nanocrystals [7, 8], quantum dots in the past
decades were discovered and intensively studied. They had appeared to demonstrate
the unique functional properties allowing to construct the large number of
nano-device based on individual nano-objects [5–30]. Recently, these studies have
led to a broad range of proof-of-concept nanoscale devices including nanolasers,
nanosensors based on NWs and carbon nanotubes (CNT), field-effect transistors
(nano-FETs) [9–17], single-electron transistors, transistors based on individual
organic molecules [9–23] or CNTs [14–17, 31–38]. CNT-based NEMS potentially
have internal operating frequencies in the GHz range [31, 36]. Such NEMS can
realize a random access memory, with switching in the GHz regime and to be
potentially suitable for such applications as logic devices, memory elements, pulse
generators and current or voltage amplifiers, photonic crystals, tissue engineering,
microfluidics, photovoltaic, nanoscale electronics and optoelectronics, ultrasensi-
tive, miniaturized, label-free sensors for detecting low concentrations of chemical
and biological molecules for medical and environmental applications [39–46], e.g.,
proteins, nucleic acids, viruses, NO2 and humidity.

Such nanodevices represent attractive building blocks for hierarchical assembly
of functional nanoscale/meso-scale and macroscopic devices that could overcome
fundamental physical and economic limitations of conventional silicon
lithography-based 2-D fabrication methods. Moreover, these meso-scale and
macroscopic devices could demonstrate new and/or enhanced functions crucial to
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many areas of technology and medicine. These devices give rise to the new gen-
eration of nanorobotic [13, 32, 39, 47–52].

Hierarchical assembly of functional nanoscale/meso-scale and macroscopic
devices from nanoscale building blocks based on individual nanoscale materials,
structures and nanoparticles offers many opportunities for creating of nanoscale
devices and arrays by the bottom-up and hybrid paradigm [28–30, 32–38, 45, 46,
48–60].

For decades, realistic options for macro-and meso-scale industrial nanomanu-
facturing have relied on wave-based lithography using radiation with increasingly
shorter wavelength. This top-down microfabrication and nanofabrication of
nanostructure devices approach use processes such as photo-lithography,
electron-beam, ion beam nanolithography, followed by dry and HF etching and
involve high processing costs/complexity low yields associated with e-beam
lithography and focused ion beam (FIB), and significant variability across etched
devices due to etching non-uniformity across the wafer and its high sensitivity to
processing conditions. Such equipment that allow reaching nanometer dimensions
reliably is, however, prohibitively expensive, thereby excluding smaller R&D
facilities, small and medium enterprises from taking advantage of their innovations.
Besides top-down approach offer, only planar technologies operating virtually
mostly in two dimensions [28, 29, 32, 46, 48, 49, 53–58, 60].

Alternatively, electronics obtained through the bottom-up and hybrid
bottom-up/top-down approaches using presynthesized nanostructures (i.e. nanode-
vices based on nanotubes and NWs, etc.) with molecular-level control of material
composition and structure are of low cost and can be integrated into microstructures
to form nanodevices. Such integration of the structure may lead to devices and
fabrication strategies that are not possible with top-down methods. The bottom-up
and hybrid paradigm for nanoscience and nanotechnology has the great potential to
go far beyond the limits and functionality of the traditional “top-down” approach.
This gives possibility in the future to build or assemble virtually any kind of device
or functional system, ranging from ultrasensitive sensors, NEMS to nanocomputers
and nanorobots, based on entirely new device concepts and novel frontier func-
tional systems. Developing and following the bottom-up and hybrid
bottom-up/top-down approach of nanoscale science and technology is the central
vision for nanotechnology leading to and frontier technology for new Kondratiev
waves of the long economic cycle.

Central to the bottom-up paradigm of nanoscience is the development of
effective and quick assembly methods that enable hierarchical assembling of
nanoscale building blocks over large-scale areas. On the nanoscale level, it remains
a great challenge to advance from a single nanodevice level to the functional circuit
level because it needed sufficient control of the properties of individual nanopar-
ticles, nano-objects, nanostructures that are building blocks, but in the meantime
there is poor device-to-device reproducibility, because nano-objects are often
variable.

Many groups are working to overcome these very complicated problems [61–72]
for the development of rational approaches for the synthesis of nanoscale building
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blocks with precisely controlled chemical composition, size and functional prop-
erties that spring up at nanoscale. In [61–72], it is shown that the generally, pre-
dictable and well-controlled nanostructure growth implies that materials with
distinct chemical composition, structure, size and morphology can be assembled by
design to build specific functional devices and integrated circuits.

On the next hierarchical level, there are next 3 fundamental frontier requirements
including:

(1) the elaboration of the methods for control and measurements on nanoscale, i.e.,
nanometrology,

(2) the development of advanced strategies for the assembly of building blocks into
large-scale complex structures;

(3) the demonstration of the new nanodevice concepts.

Recently, new nanodevice approaches are intensively studied [3–30, 39–68,
73–79]. For the development of the effective methods for nano-assembling, there
are the following requirements: (1) reliable methods and approaches for efficient
assembling and integrating nanobuilding blocks into large-scale device
arrays/circuits, (2) these methods must be quick, rapid; (3) they must allow series of
assembly strategies.

This report is focused on the elaboration of frontier nano-assembly method and
integrating nanobuilding blocks into large-scale device arrays/circuits. This is rapid
method, which can work very quickly on the scales from nano-to-macro scale and
suitable for series of assembly strategies, with the possibility of parallel manipu-
lation and assembly in 3-D. Elaborated method gives also the possibility for the
measurements on nanoscales [71].

The method offers nanofabrication and nano-assembly by mechanical nanor-
obotic manipulation and nano-instrumentation. The integration of nanodevices or
nano-objects requires maintaining of good control the position over three dimen-
sions and orientation of the structures and the good contact with each other [80–82].

There are some methods of nanorobotic manipulation, including optical, that
offer such possibility. By contrast, mechanical nanomanipulation, despite being
serial in nature and slower compared with the wafer-scale integration methods,
promises specificity, precision and programmed motion. Accurate positioning of
nanomanipulators and end-effectors is necessary for the nanomanipulation, the
characterization of nanomaterials [77–79] and the guided synthesis of nanodevices
[13, 29, 49, 50, 56, 61, 70–72]. In addition, using of incorporated measurement
system allows to select suitable nanostructures based on their functional charac-
teristics for manipulation. We consider pickup and place mechanical nanomanip-
ulation and nano-assembly that is capable of integrating separately fabricated
components of nanodevices into large-scale micro–macro systems with high flex-
ibility and precision, high operation velocity, representing a unique approach to
constructing large-scale devices.

A pick-and-place nano-assembly system typically needs to perform the fol-
lowing set of steps using a microgripper: grip a nano-object, break the tethers

138 S. von Gratowski et al.



holding the part to the substrate, lift and rotate the part out of plane, translate it
along x, y and z to a second location, place it on the another microobject or
nano-object and un-grip the part. In this way, out-of-plane 3-D microstructures can
be assembled from a set of initially planar microparts.

Here is reported about frontier nano-assembling and nano-investigations using
new practical 3-D nanomanipulation system for nanorobotic, nanofabrication based
on advanced high precision piezoelectric resonance motors nanoposition system
and the bimetallic composite nanotweezers based on Ti2NiCu alloy with shape
memory effect as the end-effector. The system unites two objects of nanotechnology
and “nanoworld”: nanoposition system with sub-nm precision, nanotool for
nanomanipulation of nano-objects, based on nanostructured shape memory alloy.

2 Nanoposition System

For the generation of micromechanical and nanomechanical movements in the
nanotechnology, the most of widespread piezo-transducers use the principle of
reverse piezoelectric effect. The basic part of nanomanipulation system is the
precision nanopositioner. In the last 40 years, there was developed the motorized
micromanipulators standard scheme for converting the rotary motion of the motor
(stepper or direct current) in a linear translational motion of the manipulation
element. Usually, the non-resonant piezo-actuators change their linear dimensions
under the influence of an applied voltage. This is rather complicated scheme, and it
imposes the stringent requirements on the nodes converting rotational motion into
linear. Such schemes are resistant to the further miniaturization and have limited
(especially upper) range in speed and linear movement. The first disadvantage of
such devices is a small range of the possible movement (about 150 micrometers),
high drift in positioning systems (more than 10 micrometers/hour), the virtual
absence of the adjustment range of the speed, etc. For the manipulation of
microobject and nano-object, such systems are forced to be supplied with an
additional circuit. In the proposed nanomanipulator, the resonance-type linear
piezoelectric motor is used, which is based on a mechanical nano-ellipse movement
of the contact point under the action of two mutually orthogonal longitudinal
mechanical vibrations of a piezoelectric nanoresonator [83–92]. This system
eliminates all the above disadvantages of the traditional systems.

3-D nanomanipulation system 3XL-piezoTM is based on the linear resonance
piezomotor of 11 * 24 type (Fig. 1). This motor uses resonance principal, based on
the mechanical motion of the contact point of piezo-actuator and linear positioning
element along the nano-elliptic trajectory and the interaction of two orthogonal
longitudinal mechanical vibrations of a piezoelectric nanoresonator in contact point
[83–92]. This system eliminates the drawbacks of traditional systems. Nanoma-
nipulators type PSF-3 (NM3D, PPM5000) (Figs. 1, 2 and 3) is a 3-axis manipulator
system with a joystick or computerized controls that are combined to afford
the extremely high-resolution (up to ∼0.4 nm), longtime temperature stability
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Fig. 1 The linear resonance
piezomotor of 11 × 24 type

Fig. 2 Nanomanipulators
type PSF-3 (NM3D,
PPM5000) is a 3-axis
manipulator system with a
joystick or computerized
controls [83–92]
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(drift is less than 2 nm/h at 20 °C) and large displacement (10 mm on each axis).
Know-how design is innovative piezoelectric motor rotational movement PM-20R
(http://www.piezomotor.com.ua). When the motor is de-energized, it performs an
automatic “latch” movement, with virtually no backlash and drift.

Parameters of 3-D micromanipulation system are as follows: movement range—
up to 15 mm; minimal step—0.4 nm; thermal drift is <2 nm/h at 20 °C; speed of
linear motion along of 3 coordinates is 5–20 m/s; piezo-kick (movement acceler-
ation) is 1–40 m km/g; maximal force of the linear piezomotor is 1.5 N; the level of
the minimal resolution is from 0,4 nm to 10 nm; the level of the long-term stability
is <5 nm/h at 20 °C; extra-range speed—is of the 6 orders of magnitude: the
maximum speed is 20 mm/s (can be increased up to 200 mm/s)—minimum speed
of 20 nm/s; high dynamic properties (the response time ∼0.02 ms, while reversing
the ∼0.05 ms, the reaction time is ∼0.1 ms); the smallest dimensions are
38 × 73 × 55 mm3; the volume is about 0.15 × 106 mm3; overall dimensions:
38 × 73 × 55 mm3, mass of the micromanipulator is 0.15 kg, the input electric
power <1 W. This allows the nanomanipulators to be placed in the remote loca-
tions, i.e., a few pieces at a microscopic table in vacuum chambers, liquid
environment.

Thus, this nanoposition system is suitable quick, large-scale very high accurate
nanomanipulation and nano-assembly.

Fig. 3 3-D
nanomanipulation system
based on innovative
piezomotor is developed with
parameters as follows: motion
range—15 mm, minimal
step—10 nm, thermal drift
<5 nm/h at 20 °C; speed of
linear motion along any of
3 coordinates: 20–20 mm/s
[83–92]
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3 Nanotweezers

Nanomanipulation systems work with the nano-objects. In the most of all cases,
nanomanipulation systems consist of the macroscopic devices, such as macroscopic
nanoposition system. The usage of a nanogripper as the end-effector makes the sizes
of nano-objects under the manipulation and nanotool more near to each other. But
modern microgrippers or microtweezers in the most of all cases have sub-mm
dimensions and thus they are much larger as the nano-objects. Miniaturization of
robotic systems demands for powerful, compact, lightweight nano-actuators.
Conventional techniques such as electric, hydraulic and pneumatic actuators suffer
from a drastic reduction of the amount of power they can deliver as they scale down
in size and weight [93–107]. To overcome these limitations, deferent actuator
technologies have been investigated, in particular shape memory alloys (SMA).
Shape Memory Alloys have a high strength-to-weight ratio which makes them ideal
for the miniature applications. SMA layers of submicron thickness exhibit the shape
memory effect (SME) and have a great potential MEMS and NEMS application.

The metal alloys with SME can be shaped to a variety of forms, e.g., to a spring
or a shell. Under the external action, the alloys can arbitrarily change the shape of
the active element, e.g., twist, bend or stretch them. However, the reversibility of
this change can be achieved only through a special non-technological process called
“training.” In addition, the deformation obtained under this “two-way” SME is
usually smaller than under “one-way” SME at least by an order of magnitude
[93–107]. In the present study, we use a new scheme of a SME-based composite
material that allows a much larger, reversible bending deformation, as compared to
the existing functional materials. In [108, 109] a new scheme of composite func-
tional material based on an alloy exhibiting a SME is proposed. The scheme pro-
vides a giant reversible bending deformation with the use of only “one-way” SME
alloy. An experiment was performed with the use of actuator models manufactured
by gluing together the rapidly quenched ribbons and electroplating the
pseudo-plastically preformed ribbons of the alloy with nickel. It is a layered
structure consisting of an elastic layer and an SME layer, the latter being
pseudo-plastically prestretched. This composite material features greater reversible
bending deformation and manufacturability and allows miniature-type devices to be
constructed.

Samples of functional materials based on a rapidly quenched Ti50Ni25Cu25 alloy
have been manufactured by gluing and electroplating and investigated. Prototype
actuators controlled by the thermal field have been fabricated based on these
materials. A prototype actuator fabricated by the nickel-electroplating technique
afforded 1 percent deformation during more than 1000 cycles.

A sample of an SME composite microstructure measuring 12 μm in length and
3 μm in width, the thickness of the SME layer being 0.5 μm, has been experi-
mentally investigated. It is shown that the temperature of the martensitic transition
of the submicron alloy sample remained approximately the same as the temperature
of the initial ribbon sample. In the 0.5-μm-thick Ni50Ti25Cu25_alloy layer, the SME
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qualitatively shows itself in the same way as in the initial rapidly quenched
40-μm-thick alloy ribbon. The reversible deformation of the microtweezers con-
trolled by the laser beam is demonstrated, with the controlled gap varying from
1000 to 0 nm. The theoretical estimate of the pseudo-plastic deformation based on
the model describing the deformation of a large-sized composite is in a good
agreement with the experimental measurements. Thus, in the 500-nm-thick layers,
the SME qualitatively manifests itself in the same way as in the micron layers. The
nanotools based on the fascinating properties of the new functional materials with
SME are demonstrated to operate both in vacuum environment of AFM, SEM and
FIB under thermal control with only 10–30 K temperature difference and in air or
liquid media at constant temperature under magnetic field control (using Ni-Mn-Ga
ferromagnetic Heusler alloy with SME) [93–104, 108–111]. So it is experimentally
proved that SME in different alloys such as Ti-Ni and Ni-Mn based retaines up to
the nanometer size scale of the active layer of the alloy. It demonstrated the extreme
miniature micromechanical and nanomechanical devices: actuators and nan-
otweezers performed by standard microelectronics technology-based composites
with SME. It gives rise to vision that in the near future, the next generation of
frontier micromechanical and nanomechanical devices with dimensions that are
comparable with carbon nanotubes, graphene sheets, viruses and others. In
[105–107], it has been shown that reducing the size of the heating element from
1 mm to 10 μm speed sharply increases from 102 to 105 s−1, and the power con-
sumption is simultaneously reduced from 10−3 to 10−8 J per operation. These new
results show the possibility of very quick-acting composite nanotweezers SME
using the technology of automated pulsed heating, as well as prospects for the
creation of high-speed nanorobotic systems based on the frontier nanodevices
components. Thus, the method is elaborated of actuation for frontier nanotweezers
which overcomes the limitation usual for mechanical nanomanipulation, which is
slower compared with wafer-scale nanowire integration methods. For the shape
memory nanotools, no engine and no transmission are needed. Thus, the design and
production are simple and cheap. The operation is simple and intuitive. For the first
time, the system of nanogripper gives the possibility to operate in closed volume of
several cubic microns. The size of the nanogripper and the objects is of the same
order.

4 Nanotweezer Production

Forty-µm-thick ribbons were prepared by a rapid quenching of the melt of the
nearly stoichiometric Ti50Ni25Cu25 alloy composition on a rotating copper wheel
(melt spinning method). After annealing for 5 min at 500 °C in air, the ribbons
demonstrated thermoelastic martensitic transition and SME near 50–60 °C. Before
nanofabrication, the pseudo-plastic deformation was induced therein as described in
details in [93–102, 112, 113]. The technological steps of nanotweezers fabrication
according [93] are shown in Fig. 2:
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(I) formation of a flat surface on the ribbon edge by FIB milling;
(II) tungsten layer deposition on the flat surface by ion-assisted CVD (Fig. 2a);
(III) cantilever of nanotweezers shaping and separation from ribbon (Fig. 2b–d).

The Raith GmbH Ion beam Lithography [4], Nanofabrication and Engineering
workstation ionLiNETM are used in the present work. This system is designed both
for maskless lithography and capable for mass production of nanostructures of
different kinds. ionLiNETM, a dedicated focused ion beam lithography, nanofabri-
cation and engineering instrument offering opportunities for automation production
and research. The patented NanoFIBTM ion beam column provides overnight beam
current stability as required for advanced and automated patterning down to a sub
ten-nanometer level [93].

The careful study of the shape of the experimental sample by high-resolution ion
scanning photography ionLiNETM device has shown very good quality of almost
defect less surface of the nanotool (Fig. 3). The resulting parameters of the nan-
otweezers: dimensions—30 × 5 × 2 μm3, thicknesses of the active layer with
SME—800 nm, tungsten elastic layer—350 nm, the thermally controlled
gap—900 nm.

5 Nanotweezers Test

Recently, the operation of nanotweezers using layered composites based on alloy
with shape memory effect (SME) has been demonstrated [93–104]. The nanotools
based on the fascinating properties of the new functional materials with SME are
demonstrated the ability to operate both vacuum and other environment of AFM,
SEM and FIB under thermal control with only 10–30 K temperature difference and
in air or liquid media at constant temperature under magnetic field control [20].

Functional tests of the experimental sample of nanotweezers prepared in
nanofabrication and engineering workstation ionLiNETM have been done in vac-
uum chamber of FIB device FEI Strata 201 under distant thermal control by
radiation of semiconductor laser [93–104]. Long-term operation has been demon-
strated. Service lives of nanotweezers have been studied, and at least 1000 cycles of
closing/opening were proved. Temperature span for successful opening/closing
of the tweezers was estimated by heating in thermostat as 48–62 °C. Examples of
application of the produces by such way nanotweezer for the manipulation of some
carbon nanotubes (CNT) are shown on the Figs. 4, 5, 6 and 7. Examples of
application of the nanotweezers for the manipulation of some different nano-objects
are shown on the Figs. 4, 5, 6, 7 and 8. On the Figs. 5a, b, 6, 7 and 8a, b are shown
different stage for the handling of graphene. In addition, on the Fig. 9 a, b, the
manipulation of NWs is illustrated.
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Fig. 4 a–d The steps of the production cycle of the composite nanotweezers based on functional
alloy Ti2NiCu with SME. a the formation of a flat surface on the ribbon and tungsten layer
deposition, b bilayer structure formation by tungsten deposition, c cutting the structure from the
ribbon, d tweezers gap formation
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Fig. 5 a, b High-resolution scanning ion beam images of the gap of the composite nanotweezers
with SME

Fig. 6 Nanotweezers made by FIB-CVD process, nanotweezers dimensions: 20 × 7.3 × 1.6
μm3, the objects to be manipulated is graphene—handling with the substrate
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Fig. 7 a, b Nanotweezers made by FIB-CVD process from composite Ti2NiCu/Pt, nanotweezers
dimensions: 20 × 7.3 × 1.6 μm3, the objects to be manipulated is graphene. Moving of the
graphene

Fig. 8 a, b The grip of the graphene layers stack from graphite surface
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6 Summary/Conclusion

It is proposed and tested the new system based on piezoelectric resonance
nanomanipulator and shape memory alloy composite nanotweezers as end-effector.
New system gives the possibility to produce nanolaboratory for nanofabrication,
nanomanipulation, nano-instrumentation and nano-assembly for production of the
three-dimensional structures, devices and systems on the submicron and nanoscale.
Such nanorobotic/manipulation system can work in scanning electron microscope
(SEM), tunnel electron microscope (TEM), atomic force microscope (AFM), focus
ion beam (FIB) and optical microscope. The elaborated system can be placed into
small working space in the nanoworld, make much operation like pick up and place,
cut, pull, push, bend, turn and fixing operations in the nanoworld.

Elaborated system offers reliable, very quick methods for efficiently assembling
and integrating nanobuilding blocks into large-scale device arrays/circuits. The
methods allow series of assembly strategies and work on multiple (nano, micro,
meso and macro) length scales. Thus, this offers enlarged opportunities for MEMS
and NEMS and can provide the new frontier possibilities in nanotechnology for
bottom-up approach.

The design of integral nanomanipulation system includes nanotweezers created
using composite made of the layer of rapidly quenched Ti2NiCu alloy with SME
and elastic layer of W using standard FIB-CVD process. Thickness of the layer with
SME is 0.7–0.8 μm. The nanogrippers based on Ti-Ni-Cu alloy with shape memory
effect were produced and have record small size: (3–12) × 3 × 1 µm3, and the
size of the grabbed objects is 10–1000 nm. The nanogrippers are controlled by the

Fig. 9 a, b The grip of the nanowhisker
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laser beam or electric current. The controlled stroke of the actuator is not less than
1.2 μm. The composite nanotweezers based on bilayer functional structure Ti2Ni-
Cu/W have been prepared by nanofabrication using standard ionLiNETM device.
Long-term operation of the experimental sample of nanotweezers has been
demonstrated in vacuum chamber of FIB FEI Strata 201 device under distant
thermal control of semiconductor laser radiation, with service life of nanotweezers
being at least 1000 cycles of closing/opening.

The system for the first time gives the real possibility for 3-D controllable
reproducible, high-speed manipulation and fabrication for assembly of large-scale
nanostructures. The system can manipulate real nano-objects: nanotubes,
bio-nanoparticles, etc. The size of the objects to be manipulated: 30–1000 nm. The
motion range—15 mm, the minimal step—0.4–10 nm, the thermal drift <5 nm/h at
20 °C; speed of linear motion along any of 3 coordinates: 20–20 mm/s, extra-range
speed—is of the 6 orders of the magnitude: of linear motion along any of 3
coordinates: 20 nm/s—and high dynamic properties (response time ∼0.02 ms,
while reversing of the ∼0.05 ms, the reaction time is ∼0.1 ms), maximal force is
1.5 N, dimensions: 38 × 73 × 55 mm3, mass of the micromanipulator is 0.15 kg.

The new technology is designed to solve the problem of the nanomanipulation of
the organic and inorganic microobject and nano-object. The system is intended for
operation with optical observation system as well with SEM, TEM, AFM and FIB
microscopes. The new system for the first time gives the real possibility for precise
3-D, reproducible, quick manipulation, assembling and fabrication of large-scale
nanostructures.

The further development and miniaturization of this system opens the possibility
of creating small in size, fast micropositioner and nanopositioner and nanomanip-
ulation system for different areas of nanoscience and nanotechnology and nano-
medicine [114–116]. The technology shows the vision of the solving the problem of
nano-assembling and nanofabrication for bottom-up and hybrid paradigm of
nanotechnology.
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