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High-accuracy micro-assembly
by intelligent vision systems and smart sensor integration

Johannes Schilp, Mark Harfensteller, Dirk Jacob, Michael Schilp
Institute for Machine Tools and Industrial Management, Technische Universitaet Muenchen,
Boltzmannstrasse 15, 85748 Garching, Germany

ABSTRACT

Innovative production processes and flexible strategies for small lot production and mid-sized volumes are playing a
decisive role in economical fabrication of microsystems. In particular, micro-assembly is a crucial operation in the
production of MST products. Due to large batch sizes many microsystems can be produced economically by
conventional assembly techniques using specialized and highly automated assembly systems. At laboratory stage,
microsystems are mostly assembled by hand. Between these extremes there is a wide field of small and middle batch
production wherefore common automated solutions rarely are profitable. To automate the assembly of these batches few
attempts have been made. At iwb a flexible automated assembly system has been developed. It is based on a modular
design. Actuators as grippers, dispensers or other process tools can easily be attached due to a special tool changing
system. Therefore new joining techniques can easily be implemented. The system is based on different optical sensors
and actuators. A fiber optic sensor is integrated in the dispensing module to measure contactlessly the clearance between
dispense needle and substrate. Robot vision systems using pattern recognition are also implemented as modules. In
combination with relative positioning strategies, an assembly accuracy of less than 3 um can be realized. A laser system
is used for manufacturing processes like soldering.

Keywords: Flexible micro-assembly system, modular micro-assembly tool-system, sensor integration. relative
positioning strategies

1. INTRODUCTION

Smaller, smarter and more complex — microsystem technology (MST) is the key technology to enter emerging markets.
MST is showing new potentials in innovative product design. After the triumphant advance in the automotive industry,
microsystems are spreading into more and more fields of daily life like IT-peripherals, telecommunication. medicine
technology and household applications [1]. MST-products with largest market shares are currently known applications
like inkjet printheads, read/write heads for hard disk drives and sensor components. These products are economically
produced in high volumes. In addition, numerous miniaturized products like MOEMS, RF-MEMS and bio-sensor
applications are emerging, which are mostly based on hybrid technology. Hybrid microsystems consist of several
subcomponents with specific functionalities. In order to achieve a new extent in functionality in micro-products,
different subcomponents out of various materials and fabrication processes are combined to an integrated product design
(see fig.1). Therefore highly accurale processes are necessary in order to produce these micro-products at a continuous
quality. Unfortunately, most of these complex products exist only as hand-made prototypes because of a lack of
innovative micro-manufacturing, micro-assembly processes and automated and flexible production strategies for small
volumes. Anyhow this dilemma is showing new potentials in micro-production technology.

Because hybrid microsystems are set up of various subcomponents, highly accurate micro-assembly is the core process
in producing hybrid micro-products. New combinations of materials and the constant decrease in part size with edge
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