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Abstract 
 
        This paper presents three different Microassembly examples. The first part of the paper presents a solution 
based on a laser system, next a contact-less microdispensing system and finally an innovative hot air stream joining 
system.  One of the most remarkable differences between these methods is the different material requirements: 
meanwhile the laser system requires that one of the joint components is optically transparent, the other two systems 
do not have this constraint but require compatibility between glue and parts.  
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1. Introduction 
 

Microassembly is a field with demanding 
requirements. The constant expansion in Microsystem 
products and markets, introduces the need for  
technologies able of gluing, soldering, joining and 
integrated multi-material microcomponents into  
functional products. This publication presents some 
successful examples of microassembly processes and 
tools developed in the frame of the project ASSEMIC. 
 
2. Laser based micro-assembly system 
 

The increasing demands in the field of precision 
engineering concerning flexibility, quality and 
productivity on one hand, and the increased complexity 
and rapid evolution of Microsystems on the other hand 

require innovative and economic efficient micro-
assembly concepts. In a global context the laser 
technology represents a suitable solution for a flexible 
and efficient manufacturing process. With the new 
developments in laser joining processes, micro-
components made of difficult to weld metallic materials, 
glass, silicon and polymers can be assembled with a 
minimum of heat input, material distortion and 
contamination [1]. 

 Compared to other conventional joining 
technologies, such us: adhesive bonding, resistance 
welding, soldering, the laser welding approach 
provides the advantage of being a high speed process, 

typically the laser-material interaction is in the range of 
few milliseconds, it is not selective like resistance 
welding both conductive and nonconductive materials 
can be laser processed or like adhesive bonding where 
certain compatibility between the adhesive and the 
joining materials has to be satisfied. The thermoplastic 
materials can be also laser joined by choosing the 
adequate laser source. Therefore, a wide variety of 
materials can be processed such as: Aluminium, 
Copper, Silicon, Steel, etc. Another positive aspect of 
the laser beam joining is the localized energy 
deposition which occurs within only few hundreds of 
microns, even few tens of microns for laser spots 
<30 µm. Consequently, a reduced thermal and 
mechanical stress into the joining components is 
possible. The components are locally heated but the 
overall thermal stress is avoided. 

The aim of the current research is to develop a 
fully functional assembly system based on a laser 
Pick&Join tool and a machine vision alignment system 
using a CCD camera. The system is designed to fulfil 
the requirements of high robustness and flexibility in 
time and product. 

To perform the assembly tasks a laser Pick&Join 
tool was realized and integrated into the assembly 
system. The Pick&Join concept represents basically 
the integration of two individual process steps from an 
assembly chain: the pick and place process and the 
joining process. Therefore, as it can be seen in Fig. 1, 
the Pick & Join tool has to be able to pick the samples, 
bring them into the joining area, precisely position and 
align them and finally realize the joining using laser 
radiation. Furthermore, for applications where a joining 
force is needed the system can apply along the z axis 
a defined force on the joining partners. 

Such a tool has the benefit of combining the 
positive aspects of pick and place systems, like high 
accuracy for example, with the advantages of laser 
joining, such as: contactless processing (no physical 
contact between the laser beam-the processing tool 
and the joining components), high flexibility or 
massless tool (the laser beam itself had no mass) and 
therefore a very high dynamic [2].  

Fig. 1. The principle of the Pick&Join concept 
with vacuum gripper 



The construction of the Pick&Join tool was based 
on the integration of a fibre coupled laser source, a 
flexible beam delivery system, a device adapted 
gripper, a visual process monitoring system and a 
precise positioning system consisting of xyz high 
precision linear slide ways. Each of these functional 
groups plays an important role in the achievement of a 
high quality assembly process. In order to realize this 
integration a solid state continuous wave fibre laser 
was selected as laser source. These laser types have 
the well-known advantages of high beam quality and 
efficiency. Then, for a high processing speed, 
increased flexibility and robustness a compact 
galvanometric-scanner is used to precisely position 
and deflect the laser beam on the working plane. Using 
the galvo-mirror system a variety of PC controllable 
welding contours can be realized with a processing 
speed up to 2.5 m/s. In Table 1 the most important 
properties of the laser source and beam delivery 
system are listed. 

For precise positioning of the laser based tool over 
the joining components in the case of processing 
components bigger than the scanner working field or 
processing of multiple components a high precision 
system, positioning accuracy up to ±500 nm, consisting 
of XYZ linear slide ways is used. The system is able to 
apply a controlled force F < 20 N along the Z axis and 
then through the gripper to the joining components.  

A functional prototype was developed and tested 
for the laser assembly of thermoplastic components to 
characterize the system’s performance and 
functionality. Among the different techniques available, 
laser through transmission welding of thermoplastics 
represents the most used laser process for welding of 
polymers [3,4]. According to this approach one of the 
joining components has to be optically transparent for 
the wave length of the laser radiation while the other 
one is absorbent. Prior to the weld, the two parts are 
brought into mechanical contact and a defined force is 
applied. The laser beam passes through the 
transparent partner and it is absorbed by the second 
one and transformed into heat. Then, by heat 
convection the transparent part is heated and a mixture 
of the two molten materials is realized. The process is 
illustrated in Figure 1c). In the conducted experiments 
with the described system weld seams with a width of 
500 µm down to 100 µm were achieved. The heat 
affected zones were under 90 µm. 

The laser based micro-assembly system was used 
to seal polymeric biochips made from PMMA and PP  
with 50 µm wide channels and only 100 µm distance 

between them with a covering foil (see Fig. 2). The high 

speed welding along the complex contour of the 
microfluidic devices was possible due to the use of the 
laser scan head integrated in the Pick&Join tool and 
the fibre laser. By these means the complete welding 
of the microfluidic chips was possible in less then 6 s 
using a laser power of 2,6 W. 
 
3. Contactless Microdispensing System 
 
3.1. Introduction 
 
 In the following, it is presented a contactless 
microdispensing system for microgluing tasks. The set-

up is based on image processing methods and has 
been developed for its use with the contactless 
microdispensing system of PICO dosiertechnik, with 
their technical support and contribution. The results 
presented comprise the first results, including off-line 
measurements of the dispensed drops with image 
processing. 
 
3.2. Adhesive application problems and monitoring 
techniques. 
 

The challenging task concerning microdispensing 
is to dispense the right amount of adhesive in the right 
place. Assessment of the quality of the dispensing 
process can be performed by the operator, but can be 
also be automated in on-line quality control processes. 
Another possibility is to characterize off-line the 
process, performing automated series of 
measurements in large arrays of microdispensed 
drops, in order to adjust and optimize the process 
parameters for achieving higher quality results, as 
realized in the PROFACTOR prototype system 
described in the following. 

Different types of adhesive require different 
detection methods due to the different colour, light 
reflection, etc. This adds a difficulty as well as the 
adhesive itself, the dispensing method and the 
application control. Problems can arise from a 
combination of wrong configurations, problems with the 
ejection of adhesive from the nozzle, etc.  

Main failures come out from the dot shape and 
adhesive coating weight, including tailing of the 
adhesive, satellite drops, popcorning and no 
dispensing, among others [5]. 
 
3.3. Description of the off-line measuring set-up 
 
 The actual set-up consists in the next components: 
Dispensing machine, positioning table, camera and 
finally, optic (see Fig. 3). The dispensing machine is a 
DV-100 Picodostec system, this system is contactless, 
has a viscosity range from 50 – 200.000 mPas and a 
minimum dispensing time from 10 µs.  

 
Fig.2 Polymer microfluidic devices welded 
with the prototype assembly system. 

Table 1 
Laser and beam delivery system properties 
 
Laser source SDL-FL10
Active medium Yb:Glas
Wavelength / nm 1112
Beam quality / M2 1,1
Emission mode cw
Maximal optical power / W 9
Beam delivery fiber 
Focusing lens / mm 100
Focus diameter / µm 70
Scan field / mm Ø 45
 



The position table has a travel distance from 205 mm 
in X and Y with high accuracy. The upper metal plate 
from the positioning table was changed with a crystal 
one which provides the capability to dispense and 
analyze simultaneously since it allows placing the 
camera just under the dispensing unit. 

After dispensing the drop the camera sends the 
image to be analyzed. From this analysis the area, 
position and diameter are obtained and can be 
recorded to get statistical analysis. 
 

3.4. First Results 
 
The following picture (see Fig. 4 ) showed the first 

experiment results of the set-up developed in 
PROFACTOR. These first experiments were done with 
oil, which turned out to be not the best fluid for 
dispensing and measuring due to its inherit properties, 
although it provides the advantage to test the 
measurement system under undesired effects and 
unexpected irregularities: 

• Air bubbles were formed in the drops. 
• The microdispensed drop did not remain 

static and area increase with time. 
• Satellites drops were formed. 

4. Adhesive bonding using hot gas stream 
 
 Assembling and packaging of microcomponents 
with dimensions less than 300 μm are very difficult due 
to the limitations in use of manipulating tools and 
external equipments. Conventional microbonding 
techniques, like anodic bonding, fusion bonding and 
other are followed with demanding process 
requirements (high voltage, high process temperature, 
etc) which can restrain or disable assembly process.  

 This chapter presents a new approach to adhesive 
microbonding which can overcome drawbacks of the 
conventional MEMS packaging techniques. Some 
advantages of this technique are: low process 
temperature, multi material applicability, partial 
reversibility and partial bio-compati- 
bility (in the case of some adhesives). 

The adhesive is deposited on the substrate by 
spinning or by lamination. The micro-component is 
carried and placed at the requested position. 
Afterwards, the stream of hot air is applied in order to 
soften the glue and to emboss the part. After cooling 
down to the room temperature, the glue hardens and 
bond is achieved. 
 
4. 1. Experimental set-up 
 

In order to prove the working principle of proposed  
technique including its advantages, a special setup 
was developed, and its schematic is shown in Fig. 5. 

 
Fig.5. Schema of experimental set-up for micro-

joining by hot gas stream. 
 

The set-up consists on a gas reservoir, 
compressor, heating element on the metal tube 
developed by “a thick film on the tube” process in order 
to obtain a small and compact set-up, nozzle and 
additional pipes for connecting these elements. More 
technical details about the set-up can be found in [6]. 
 

4.2 Adhesives 
 

Two kinds of adhesives – PU foil and hot melt glue 
on the Polyethylene base were investigated (Table 2). 

 
 
4.2.1. Mechanical strength of adhesives 
 

Mechanical strength of joins made with 
investigated adhesives was measured by pull test on 
Force Gage. By increasing the curing temperature, the 
strength of bond made with adhesive foil increased 
significantly, while the strength of join made with hot 
melt glue dropped rapidly because of adhesive 
evaporation (the layer of adhesive was not thick 
enough to realize rigid join). 

 

Fig. 3.  Microdispensing measurement set-up. 

 

Fig. 4.  Example of microdrop measurement. 

Table 2 
Adhesive properties 

Type of 
Adhesive State Softening 

point (°C) 
Thick-

ness(µm) 
Deposition 

method 
Hot melt 

glue solid 65 12 spinning 

Adhesive 
film solid 72 50 lamination

 



4. 3. Bond realization 
 

In the first trials, single mode optical fiber (core 
diameter 9 μm, cladding diameter 125 μm) was bonded 
to V-grooves produced by different technologies. 

 
Fig.6. Mechanical strength of bonds attained with hot 
melt glue and PU foil for different softening time. 
 

For positioning and joining optical fibers in V-
grooves, few different approaches were employed: The 
hot melt  glue which hardens after baking was softened 
at low temperature of around 65 °C and the fiber was 
embossed onto it by the stream of hot gas. Bonding 
with foil can be performed in two ways. First, the foil is 
laminated to the substrate, softened at the 90 °C and 
the fiber is embossed in the soft material by means of 
using the gas stream. Second, the fiber is positioned 
onto the V-grooves and covered with foil. After the foil 
softens, the fiber adheres to the substrate. The quality 
of final, cured bonds was analyzed by optical 
inspection.  

The self alignment takes place during the softened 
state of the bonding polymer. Due to the normal 
component of the adhesion forces to both <111> 
planes of the grove, the fiber is automatically 
positioned in the center of the groove and tracked 
down by the liquid surface forces to the bottom of the 
groove. After the self alignment the bonding polymer 
can be hardened by cooling down at room 
temperature.     

A bond realized by a foil applied onto the fiber is 
shown in Figure 7. The stage has been driven under 
the nozzle in direction corresponding to the fiber axis 
(velocity 2 mm/sec). The substrate-nozzle distance was 
3 mm and temperature at the nozzle outlet was 120 °C. 
The temperature on the substrate was determined by 
numerical simulation performed in ANSYS ™. The 
preform softened continuously, adhered to the 
substrate and fixed the fiber in the requested position. 

In the second test, glass stamps with dimensions   
10 mm × 10 mm are bonded to the glass substrate 
(Fig.8.). The bond is made only over the stamp edge. 
The adhesive in the middle is not heat affected, and 
there are not any changes in the material or structure. 
This opens new possibilities for forming cavities or 
membranes using adhesives adequately. The 
appearance of bubbles was minimized by exposing the 
adhesive to the hot air stream for a longer period. 

 

 
 
Fig.7. Top view of optical fiber joined with adhesive foil. 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
Fig.8. Top view glass stamp bonded to glass substrate. 
 
5. Conclusion 
 
 In this paper have been presented three different 
microassembly techniques. Each of them provides 
different possibilities and advantages concerning 
speed, materials, requirements, etc, leaving the 
election to applications criteria. The first method, 
although its multimaterial application imposes the 
condition that one part should be optically transparent. 
The microdispensing method is a fast method but it is 
dependent on the fluid properties.  Finally the bonding 
hot gas stream provides a low temperature process 
and its combination with the microdispensing one could 
provide very interesting results. 
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