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Abstract This paper presents the design, fabrication and characterization of a de-
vice able to exchange the tip part (so-called the tools) of a two fingered
microgripper. The principle of this tool changer is based on the use
of a thermal glue whose state (liquid or solid) is changed by heating or
cooling. Several kinds of pairs of tools have been designed. The suitable
pair of tools can be chosen according to the size, shape and material
of the object to manipulate. The tool changer enables one to perform
a sequence of elementary micromanipulation tasks (i.e. an assembly
sequence) by using only one gripper mounted on only one manipula-
tor. The tool changer has been automated and successfully tested in air
and in the vacuum chamber of a Scanning Electron Microscope (SEM).
It brings flexibility to the micromanipulation cell and contributes to
reduce the costs, the used space and experimentations time for micro-
manipulations in the SEM. The assembly of a ball bearing (the balls are
200 µm in diameter) has been successfully tested using the microgripper
equipped with the tool changer in a SEM. This tool changer has been
designed for a microgripper but can be easily adapted to lots of other
kinds of systems.

Keywords: Micromanipulation cell, Tool Changer, Micromanipulation, Microassem-
bly, Flexibility, Microfactory, Scanning Electron Microscope, Automa-
tion.

1. Introduction

Great developments have been done in the field of microrobotics for
the past few years. Several very efficient actuators have been developed
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to be used in microassembly workcells (Brussel et al., 2000 Bohringer
et al., 1998). Nevertheless, in the field of micromanipulation, two main
challenging topics are still growing.

First of all, some research works are done to automate microassembly
cells (Fatikow et al., 2004) (Thompson and Fearing, 2001). Very small
and precise sensors must be developed and a lot of work is also done to
integrate vision capabilities (Kasaya et al., 1999) (Tanikawa et al., 2001).
These researches may lead toward the development of microfactories (
Breguet and Bergander, 2001) (Shimada et al., 2000).

Secondly, performing micromanipulation tasks inside the chamber of
a Scanning Electron Microscope (SEM) is very useful. Indeed, the large
depth of focus, the high magnification and the clean environment of
a SEM provide very good conditions to micromechanical studies or to
microassembly. These researches led toward the development of very
compact and SEM compatible devices (Miyazaki and Sato, 1997) (Saito
et al., 1999).

These application fields require flexible micromanipulation cells. To
perform micromanipulation tasks with flexibility, we have designed a
microgripper and its tool changer. Up to now, few works have been
done to bring flexibility (Kratochvil et al., 2004) (Kim et al., 2003) (
Yang et al., 2001). Several systems have been developed but are closer
to a miniaturization approach (Miyazaki and Sato, 1997) (Weck and
Peschke, 2004) using for example revolver turrets (Winzek et al., 2004)
(Eberhardt et al., 1998). Few devices are adapted to the microworld.
They allow temporary mechanical fixation (Skidmore et al., 2000) (Nien-
haus et al., 1999). Our solution was developed to close a part of this
gap. The principle of our tool changer will be presented in section 2 and
its characterization will be studied in section 3. Finally, this system will
be used to perform the assembly of a ball bearing in a SEM (section 4).

2. Working principle of the tool changer

To perform micromanipulation tasks of any kind of objects from 20 to
500 µm in size, we have developed a microgripper (figure 1) that can be
fixed on nearly any kind of microrobot (the suitable mechanical interface
must be done to connect them together). In our case, the microgripper
has been fixed on a X-Y-Z table actuated by linear stages (M-112 1DG
from Physik Instrumente) for air application and by piezoelectric stick
and slip actuators from the LSRO (Laboratoire des Systèmes RObo-
tiques, Ecole Polytechnique Fédérale de Lausanne, Switzerland) for in
SEM applications. The piezoelectric actuator of the microgripper has
got four degrees of freedom that combine an in-plane (Y axis) and an
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Figure 1. Overview of the microgripper.
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Figure 2. Different kinds of pair of available tools. These tools are made of Nickel,
are 200 µm thick and have been fabricated by UV LIGA. d is the initial gap between
both tools.

out-of-plane motion (Z axis). At the tip of this actuator a pair of tools
that are made of Nickel is fixed. The strokes of this microgripper are
+/- 80 µm along the Y axis and +/- 200 µm along the Z axis for +/-
100 V supply voltage. The blocking forces are 55 mN and 10 mN along
Y and Z respectively. More details about this microgripper are given in
(Perez et al., 2005).

Several kinds of pairs of tools have been designed with different tip
shapes and different initial gaps between the tools d (figure 2). The
suitable pair of tools can be chosen depending on the size, shape and
material of the object to manipulate.

To perform a microassembly sequence or micromanipulation in con-
fined spaces with flexibility, a tool changer adapted to the microgripper
has been designed. This system allows to fix a pair of tools alternatively
at the tip of the actuator or in a magazine (figure 3). Several pairs of
tools are available in the magazine with different characteristics. The
temporary fixation is possible due to the use of a thermal glue (Crys-

talbond 555-HMP belongs to CrystalbondTM series made by Aremco
Products, Inc., USA) that is liquid at 65˚C (in the air), 62˚C (in the
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Figure 3. Diagram of the actuator-tools-magazine-resistance set (a) in manipulation
configuration, i.e. when a pair of tools is fixed at the tip of the actuator (b) in tool
exchange configuration, i.e. when a pair of tools is fixed on the magazine.

vacuum) and solid at room temperature. Cycles of liquefaction and so-
lidification can be performed without that the glue looses its properties.
Very small amounts of glue (about 4 nL per contact) are placed at the
contacts tools-actuator and tools-magazine (figure 4). Surface Mounted
Devices resistances of 6 Ω each have been placed under these contacts
and can be heated up when supplied with a current (liquefaction of the
glue). To solidify the glue, the supply of the resistances is switched off.
Cycles of tool exchanges can be performed in air environment as well as
in the vacuum chamber of a SEM. Figure 5 details the successive steps
to do in order to perform a tool exchange. A user interface has been
developed with Borland Builder C++ to control both the microgripper
and the tool changer allowing automatic tool exchanges for in air appli-
cations. Two minutes are necessary to exchange the pair of tools. This
time is short compared to the one required to open the chamber of the
SEM, change the gripper (for example), calibrate the new position of
the tools, close the door of the SEM and obtain the required vacuum
(15 minutes at least).

To improve the flexibility of the tool changer both resistances of the
actuator can be supplied separately (R1 on figure 4). Both resistances of
each place of the magazine can also be supplied separately (R2 on figure
4). By combination, it is so possible to fix one tool at the tip of the
actuator whereas the second one is fixed on the magazine allowing the
correction of the relative position between both tools (gap d). Figure
6 displays the successive steps to perform in order to change the gap
between two tools.

This system is also used to set up the tools in the magazine. The
first time, the tools are approximately placed in the magazine by hand
using tweezers. The relative position of the tools can then be corrected
precisely using this system.
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Figure 4. Diagram of the actuator-tools-magazine-resistances-glue set. Small
amounts of glue are placed at the actuator-tools and tools-magazine contacts.
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Figure 5. Successive steps for exchanging a pair of tools in the SEM: (1) a pair of
tools is fixed at the tip of the actuator to perform the first micromanipulation task -
(2) the first pair of tools is fixed both at the tip of the actuator and on the magazine
- (3) the first pair of tools is released in the magazine - (4) the actuator alone reaches
the position of the second pair of tools - (5) the second pair of tools is fixed both at
the tip of the actuator and on the magazine - (6) the second pair of tools is fixed at
the tip of the actuator to perform the second micromanipulation task.
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Figure 6. Successive steps to set up the relative position between both tools in the
SEM. The initial gap between the tools is d1 along the Y axis. (1) One tool is fixed
on the magazine (the one at the bottom) whereas the second tool is fixed at the tip
of the actuator (the one at the top) - (2) motion in the Y direction to set the gap
between the tools to d2 - (3) correction of the relative position of the tools along the X
axis (if necessary) - (4) taking the pair of tools out of the magazine. The gap between
the tools is now d2.

3. Characterization of the tool changer

Several studies have been performed to characterize the tool changer.
First of all the tool positioning accuracy has been studied in air environ-
ment. Hundreds of cycles have been performed including one reference
measurement, one measurement at the tip of one tool, the deposition
of one tool, a displacement of the actuator alone, the removal of the
same tool of the magazine. The measurements use a laser sensor (LC
2420 from Keyence) and are relative. The maximum positioning errors
between two tool exchanges are 3.2 µm, 2.3 µm and 2.8 µm along the X,
Y and Z axes respectively. The standard deviations are 0.73, 0.47 and
1.16 µm and the averages are 0.74, 0.62 and 0.03 µm along the X, Y and
Z axes respectively. When a deviation is too large, the relative position
of the tools can be modified using the sequence defined in figure 6.

The mechanical performances of the glue film have also been mea-
sured. These measurements showed that a force of 300 mN has to be
applied at the tip of one tool along the Y axis to break the film of glue
between tool and actuator. 400 mN are necessary to break the actuator
and the blocking force of the actuator during micromanipulation tasks
is 110 mN.. Thus, the film of glue acts as a fuse. As a consequence,
micromanipulation tasks are performed safely.

Finally, during the liquefaction, the glue generates gas. This is not
a problem in the air but can cause damage in the chamber of a SEM.
Indeed, the pressure inside the chamber of a SEM must stay lower than
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Figure 7. Pressure variation versus time during when a part of glue is successively
liquefied and solidified several times inside the chamber of a SEM. This measurement
can be compared to the pressure variation versus time given when there is nothing
inside the chamber of the SEM (reference).

1.5×10−5 millibars to allow a good working of the electron beam. So, the
degassing process of the glue must be quantified to know whether it can
prevent the good working of the electron beam by affecting the vacuum.
Pressure measurements have been performed to compare the pressure
evolution versus time when there is nothing inside the SEM chamber
and when there is an amount of glue undergoing cycles of liquefaction
and solidification. The results of these measurements are given in figure
7 showing that there is a degassing process but low enough to allow the
good working of the electron beam of the SEM. More details about the
caracterization of the tool changer are available in (Clévy et al., 2004)
and (Clévy et al., 2005).

4. Microassembly of a ball bearing using the
tool changer

The assembly of a ball bearing has been tested in the chamber of a
SEM (High vacuum SEM, Carl Zeiss DSM 962) to demonstrate both
the microgripper capabilities and the effectiveness of the tool changer in
vacuum environment. The external diameter of this bearing measures
1.6 mm and the diameter of the balls of this bearing is 200 µm (picture
8). Figure 9 shows the successive steps that were performed to assemble
the bearing. Several kinds of pairs of tools were necessary requiring the
use of the tool changer. The first pair of tools was used to manipulate
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Figure 8. Five balls bearing before being assembled (left) and once assembled
(right). The external ring measures 1.6 mm and the balls are 200 µm in diameter.
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Figure 9. Assembly of a ball bearing in the SEM: sequence of elementary operations
(1) taking of the external ring of the bearing. The gap between the tools measures
1.6 mm and corresponds to the diameter of the ring - (2) release of this ring on the
workplane - (3) the gap between the tools is too large to take the axle of the bearing
- (4) measurement of the size of the part to take - (5) reaching the magazine - (6)
correction of the gap between the tools. This gap now measures 1 mm - (7) taking
the pair of tools of the magazine - (8) approach to the second part to manipulate -
(9) manipulation of the axle of the bearing - (10) pick and place of the ball bearing
casing using the same pair of tools and the same gap than before - (10-11) sequence
of tool exchange to take a second pair of tools - (11) pick and place of the first ball -
(12) pick and place of the second ball.

the first three parts. These parts have different sizes, so once again, the
tool changer was used to correct the gap between the tools.
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5. Conclusion

To perform an assembly process or more generally micromanipulation
tasks in air environment or inside the vacuum chamber of a SEM, we
have designed a four degrees of freedom microgripper and a tool changer.
This tool changer enables one to perform micromanipulation tasks using
the pair of tools that is adapted to the object to manipulate. It is
also possible to correct the relative position of the tools. Hundreds of
automatic tool exchanges can be performed. The SEM compatibility
of the tool changer has been successfully tested. This device brings
flexibility and compactness to the micromanipulation cell in which it is
used. As an example, the assembly of a ball bearing has been successfully
performed in the vacuum chamber of a SEM. The principle of the tool
changer is based on the use of a thermal glue and could be adapted on
other kinds of microgripper or even on other kinds of devices.
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