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Abstract 
 
        Few technical fields are so multidisciplinary and present so challenging demands as microtechnologies.               
  The Research and Training Network “Advanced Methods and Tools for Handling and Assembly in Microtechnology” 
(ASSEMIC) addresses this research field at a European scale. ASSEMIC brings together a consortium of 14 
participants, focusing their efforts in microhandling and microassembly. This paper summarizes some of the latest 
results achieved in this project. 
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1. Introduction 
 
 The European Project “Advanced Methods and 
Tools for Handling and Assembly in Microtechnology” 
(ASSEMIC), with a initially planed duration of 4 years, 
was launched in January 2004, with the aim of 
addressing the broad and challenging research area of 
microhandling and assembly in the frame of a Marie 
Curie - Research and Training Network (RTN). 
(www.assemic.net – consortium partners) 
 
2. Micropositioning 
 
2.1. Positioning stages and elements 
 
 In this task, included in the first out of four 
Workpackages inside the project, work was focused on 
concept models and preliminary components for 
micropositioning, integrating –among others- optical 
sensors for position measurement (Uninova), polymer 
cantilevers (RAL), etc. University of Oldenburg built a 
new nanomanipulation setup into the vacuum chamber 
of a Scanning Electron Microscope (SEM), modifying a 
mobile platform in order to enable its movement around 
and manipulating the probe on the probe holder. 
Additional, work on material issues concerning 
micropositioning was carried out by FORTH, including 
also surface roughness measurements on the 
microcomponents to analyse friction properties, and 
analysis of main failure modes and mechanisms 
concerning mechanical issues (stress-induced failure, 
point defects, dislocations, precipitates and fatigue), 
tribological issues (stiction and wear), and other issues 
(delamination, stray stresses, parasitic capacitance and 
environmentally induced failure mechanisms, such as 
vibration, shock, humidity and radiation effects, 
particulates, temperature changes and electrostatic 
discharge) [1]. 
 
2.2. Integration of position and distance sensors,  
 stages position feedback control 
 

Work already reported and published [2] includes 
large effort done by Uninova to integrate and 
demonstrate Uninova’s amorphous silicon optical array 
sensor –a low-cost device (see Fig. 1), in contrast to 

normal silicon photosensors- in different setups 
(contacts and cooperations with Max Plank Institute, 
Electron Tubes Ltd., University of Erlangen, Uni-Ol, 
Nascatec, etc.).  Also IMT have done significant work 
focused on the design and simulation of 
micropositioning proximity sensors based on 
photodiodes and optical waveguides using interference 
phenomena. One of the most recent research progress 
reported by UNINOVA is their new 128 array of position 
sensitive detectors and integration on a main prototype 
board, providing easy exchangeability on an adequate 
chip carrier mounted onto the main hardware board [2]. 

 

 
Fig. 1.  Layout of a chip and a chip carrier. 

 
2.3. Autonomous and mobile systems. Microrobotics. 
 

Some advances towards development of 
technologies for integration of a positioning device 
based on thermally actuated polymer cantilever arrays 
to be produced onto non-silicon wafers with vertical 
interconnects were achieved thanks to the joint work 
and collaboration between Profactor and RAL. 
Currently work is on progress at RAL to planarize and 
optimize the adhesion of gold layers onto Profactor 
non-silicon wafers.  

The University of Oldenburg has done extensive 
work on microrobotic mobile platforms, including two 
mobile platform prototypes with 3DoF (X-Y-θz) and 
simple nanomanipulator with 3DoF (Z-θx-θy) for 
movement on not perfect surfaces. 

Further, IMT manufactured a 5DoF sub micron 
precision positioning stage (see Fig. 2) to be used for 
advanced testing of optical position sensor designed by 
IMT and together with TU-ISAS gripper. 

 



 
3. Microhandling 
 
3.1. Advanced microhandling tools 
 
 In 2005 this task was successfully finished and it 
resulted in a number of designs, concepts and 
prototypes of microgrippers and microhandling tools 
with different actuation principles, such as magnetic, 
electrostatic and shape memory alloy. Work has been 
continued since then in endowing these tools with 
sensing and intelligent control capabilities, as will be 
presented later on in this section. 

 

 
Fig. 2. Positioning stage developed at IMT 

 
3.2. Strategies for handling microcomponents 
 
 WUT did series of studies of special coatings on 
working surfaces of microgrippers to control adhesion. 
The objective of their research was to be able to obtain 
different coatings and films, which provide the capability 
to control the adhesion properties inherent in the 
materials. To achieve this objective both theoretical and 
experimental studies were carried out. First studies of 
theory of contact of rough bodies and finally, studies of 
adhesion on micro/nano-scale for some selected films 
with the use of advanced test equipment (AFM, 
Nanoindenter) [3]. 

 
 Theoretical studies of contact of polymeric coating 
towards the control of adhesion were done dealing with 
problems of contact with various mechanical properties 
such as: surface free energy; roughness of surface 
layer and optimization of thickness of the layer. Results 
of this work revealed the possibility of adequately 
modifying these parameters.   

 
3.3. Design and implementation of optimised control  

systems for microhandling, integrating position, 
force and vision feedback 

  
 A great effort has been done by many project 
partners towards integration of position and force 
feedback into gripping tools. Among others, it is worth 
mentioning one of the latest developments by SSSA, 
which concerns the development of a sensorised 
polymer microgripper with SMA actuation; 22mm long 
and approx. 100 mA power (see Fig. 3). Integration of 
strain gauges into each arm for force measurement 
was done. A strategy for machine vision marking for 
visual position feedback of the gripper tips was 
implemented and tested in cooperation with Profactor. 
Different force control techniques have also been 
implemented and tested by Profactor and Robotiker for 
SSSA’s, Nascatec’s and ISAS’ microgrippers. One of 
the systems is described below.  

 
A curve, which represents the distance between 

the tweezers while increasing the voltage, was obtained 
by actuating the gripper without gripping any object. By 
the comparison with the curve that the system obtains 
during a gripping task and after linearization, a 
measurement of the force could be calculated. 
Proportional and PID control were also tested by 
Profactor.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. SSSA microgripper and marks for enhancing 
its recognition by machine vision. 

 
 Profactor has been working on different machine 
vision algorithms for tracking the position of gripper tips 
for Nascatec and SSSA grippers during 
micromanipulation operations. These different 
algorithms has been developed taking into account the 
gripper’s inherent characteristic. 
 Further work on intelligent control for 
micromanipulation operations was done by Robotiker, 
including control based on characterization data, 
artificial neural network based control and adaptive 
discrete P-control.  

 
3.4. Micromanipulation for biological and medical  

applications 
 

 Especially remarkable in this task is the work 
performed by SSSA with Nascatec’s force sensing tool 
for microvessel force measurement. The aim of this 
work was to find out a novel method to avoid the 
disadvantage of the usual one. The currently used 
technique (two wires, mechanically interfaced to a load 
cell, which are manually inserted into the vessel), has   
a large number of limitations, such as time consuming 
procedure, need of a well trained operator, difficulties in 
signal elaboration, and dimensional limitation. As an 
alternative, the method under investigation by SSSA 
using Nascatec’s force measurement device introduces 
significant advantages [4].  
 Another notable result of work in this task is the 
cooperation between ISAS and RAL. The result of their 
work is a new Miniaturized Microfluidic System, made 
of a SU8 pattern sandwiched between two Pyrex glass 
substrates. The purpose of this mechanism is to trap 
the biological cells in order to study them with ease. 
The device is fully transparent, allowing light impinging 
and visual observation of the cells. The design and 
concept was elaborated by ISAS in cooperation with 
external partner (Chemical Sensors Research Group – 
CSRG Warsaw University of Technology Department of 
Analytical Chemistry, Warsaw, Poland). 



 
 
 The manufacturing processes were investigated 
and realized at RAL. Based on the fabricated chip, the 
efficiency of photodynamic therapy on single cells can 
now be investigated.  
 Combining two different disciplines the biology and 
materials science; UNINOVA invented a new DNA 
sensor. 
 An additional result to be reported here is the 
progress in the experiments for cantilever 
functionalization, with strong cooperation between 
Progenika Biopharma, Robotiker and Nascatec. 
Reported work concerns the development of cantilever 
based Biosensor, including detection of nucleic acids 
through a Cantilever Biosensor prototype and test and 
Evaluation of the developed manipulation systems. 

 
3.5. Human haptic interfaces  

 
 In relation to this task, Robotiker reported visual 
force and position feedback of microgrippers, 3D 
simulation of microgripping system and 3D 
representation of microobjects [5]. Also Oldenburg has 
made important progress in their work for control of 
haptic devices. 

  
3.6. Operation in special environments and conditions 

 
 WUT focused their efforts on testing the influence 
of the hydrophobic polymeric coatings on the operation 
of microgripper under conditions of high humidity (to 
decrease effect of the surface tension). Research deals 
with the application of the polymeric coating on the 
microgripper and performance of the series of pick and 
place tests in the conditions of environmental chamber 
for different humidity levels. 
 
4. Microassembly   

 
 The main contribution to this workpackage from TU 
Vienna- ISAS was a micro-assembly system based on 
hot air stream joining. Its main advantages are low 
production costs, ease use, possibility for integration 
into existing production lines and applicability for 
different materials combinations [6]. 
 Besides the initial study of advanced techniques 
and strategies for efficient micro-assembly (realized by 
Profactor in cooperation with WUT) further highlight of 
this task is the development of a database of properties 
and behaviour of microparts during assembly, done by 
TU Vienna – ISAS. 
 An important achievement in this task was the 
development of an advanced laser based Pick and Join 
tool and of a micro-assembly system (see Fig. 4), as 
well as innovative methods and processes for micro-
welding of polymeric parts.   
 Profactor introduced in this task their progress on a 
microassembly station with automated focusing and 
zooming and modular setup, as well as development of 
a setup for semi-automatic assembly of SSSA silicon 
sensors (see Fig. 5). One of the advantages from the 
Vision Alignment System  (VAS) for  automated 
assembly is its a modular construction and the fact that 
provides simultaneous representation of the component 
to be bonded and the substrates pads through a 
stationary beam splitter, providing simultaneous view of 
component's and substrate's area on the monitor 
through the camera and a high placement accuracy. 

 
 

5. Automation and industrial applications 
 

5.1. Automated handling and assembly with intelligent  
control techniques 
 

 In the frame of cooperation with Profactor, an 
application was realized to be used with the FhG/ILT’s 
assembly system but integrating automated alignment 
of the components to the substrate supported by 
machine vision. The system uses pattern matching 
through Cross-Correlation, in combination with edge 
detection algorithms, RMS and off-line calibration. 
 Robotiker applied machine vision to automate 
handling procedures performed by a micromanipulator. 
In particular, automated pick and place tasks of optical 
microfibres (125µm) by means of visual position 
feedback (Visual Servoing) were demonstrated [7].  

 

 
Fig. 4. ILT laser based pick and joint tool. 

 
 Robotiker and Nascatec performed their joint work 
on cantilever calibration. The work was focused on 
characterizing the influences of changing environmental 
conditions (lighting, temperature). 
 For this task, University of Oldenburg reported 
automation tasks with Kleindiek MM3A 
micromanipulator and simulation of the manipulator, 
integrated in a pre-existing control structure, which 
implements graphical information of robot and working 
area, and can be run simultaneously with the real robot, 
in order to control it [8]. 

 
5.2. Test and characterization of assembled  

microsystems 
 

 ISAS developed a system for characterization of 
rotational micro devices, whose aim is to provide a 
solution to the challenge of measuring very low torques 
of miniaturized motors. It is based on the cable break 
principle and integrates two novel, highly sensitive, 
magnetoelastic bilayer force sensors, which were self-
produced.  
 Further work in this area has been realized by 
WUT. Both static and dynamic response of elastic 
members has been characterized by defining Young’s 
modulus, which together with geometric parameters 
affects the stiffness, loads, strains and stresses of the 
membrane. Method for experimental testing has been 
developed by WUT, involving determination of stiffness 
of samples like microcantilevers or microbridges by a 
calibrated AFM microcantilever. To determine the real 
stiffness of this cantilever microsprings with well known 
properties are used. 
 The work reported by FORTH concerns 
characterization of high technology material and 
surface properties of assembled MEMS, and involves 
deposition by Alcatel dc-magnetron sputtering system, 
surface characterization by Atomic Force Microscopy 



(AFM) and XRD, Nano-indentation and Scratch Test 
and effect of UV illumination on the plastic deformation 
of ZnO thin films [9]. 

 

 
 

Fig. 5. Setup for mounting of silicon force sensor (Profactor), 
sensor mounted onto flexible substrate (inset) 

 
 In collaboration with Pico dosiertechnik, Profactor 
Seibersdorf has worked on characterization of 
contactless microdispensing processes. Fast and 
accurate dispensing of adhesives is of particular 
interest for microassembly tasks. In order to 
characterize the size to volume ratio of contactless 
microdispensed fluids, a set-up has been built being 
made up of a dispensing machine, automated 
positioning tables, a CCD camera and optics. First off-
line measurements of dispensed oil drops have been 
performed by means of image processing techniques 
[10].  
 UNINOVA realized system performance 
measurement of an amorphous silicon 32-3D position 
sensitive detector. The characterization was performed 
taking into account the maximal detectable resolution 
as well as in degradation issues. Further work was 
performed in the development of an integrated 
prototype trying to reduce overall costs.  
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