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_________________________________________________________________________________________ 
Abstract: 
 
 

This paper presents the first steps of the design and development of automated micro-station for assembly of the 

silicon-based force sensor to be used in a flexible smart interface. The positioning and mounting system is based on 

image processing. Images of  both  a component to be bonded and the substrates pads are simultaneously taken 

through a stationary beam splitter and its  position is analyzed by the computer software, which sends a feedback 

signal to the positioning stage, in order to align these two element.  This allows for the fully automated process of 

vision alignment and controls the assembly process.   
 

Keywords: vision alignment system, force sensors, assembly, beam splitter   

 
1. Introduction  

 

 The development in micro system technology 

allows a wide variety of micro solutions based on 

different materials and non-standard technologies. 

Nowadays the interest is shifting towards complex 

assembled structures. The assembly processes makes 

possible hybrid devices with otherwise incompatible 

materials [1].  One example of such devices is a 

silicon-based force sensor mounted on a flexible 

substrate. Miniaturised force sensors should be 

sensitive, accurate, stabile and cheap. The monolithic 

silicon-based force sensors fulfil the requests and can 

be  integrated together with signal processing 

electronics on a chip.  
   

2. Assembly process 
 

 The goal of research is to design and develop a 

micro station for sensor assembly, which provides the 

automated assembly of the parts to be bonded (sensor, 

flexible substrate) with an accuracy in a range of few 

microns. The sensor has 9 contacts on the bottom, each 

 around 150µm in diameter, and the sensor is 

1.5x1.5mm. The visual system allows for precise and 

easy alignment of the sensor to the flexible substrate  

by simultaneous view of both elements. The placement 

accuracy depends on the optical resolutions and 

reproducibility of optical overlay of the two objects. 

Precision of mounting depends also on the accuracy of 

the mechanism which hold and move the sensor from 

its initial position (when vision alignment is done) to 

the substrate (90º movement) 

The force sensors have to be fixed directly on the 

flexible circuit. There are a few alternative methods 

one can do that:   

1. Gluing the gold contacts of force sensor on the 

copper tracks of the substrate by using a conductive 

glue. This becomes rather challenging when elements 

to be glued are very small (less than 100μm). 

Dispensing of pico/atto litres glue drops requires  

very expensive and accurate systems. 

2. The alterative way is to use an anisotropic glue 

that, when certain force applied, becomes conductive 

in one direction only. In that case a short circuits 

between neighbour contact pads are avoid. However 

that type of glue is much more expensive than 

conventional conductive adhesives.  

3. Another option is a conductive adhesive tape, 
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which is a pressure sensitive adhesive (PSA)  tape 

with anisotropic electrical conductivity. The PSA 

matrix is filled with conductive particles which allow 

interconnection between substrates through the 

adhesive thickness (the “Z-axis”) but are spaced far 

enough apart for the product to be electrically 

insulating in the plane of the adhesive. 

The 3M9705PSA tape was chosen for the experiment, 

and also some tests of dispensing of the conductive 

glue with Picodos dispenser were performed. 

There are several methods of bonding by using 

different glues, solder pastes or PSA tape, hoverer  

for all cases assembly process is the same and 

consists of following main steps: 

1. Place and fix the substrate onto the positioning 

table (substrate held via vacuum grooves) 

2. Transfer component from its carrier to the 

placement head (at the early stage of the research was 

done manually by holding with vacuum gripper, in 

the future will be picked up from the magazine with 

elements) 

3. Dispensing of glue / placement of 3M tape 

(Dispensing of glue drops was done with Picodos 

dispensing unit capable of shouting out the nanolitres 

volume drops of around 200μm in diameter / tape was 

placed on the substrate manually ) 

4. Substrate and sensor are aligned with a help of 

visual feedback (images of both a substrate and a 

sensor are taken and subjected to optical and 

computer analysis, meaning the recognition of the 

elements position was done and information was send 

to the positioning X,Y, rotate system)    

5. Movement of the placement arm through 90˚ to 

accurately place the component (at the early stage of 

the research was done manually, but in the future will 

automated in the same manner as picking up the 

sensor from the magazine) 

6. Assembly of component (certain force/pressure 

needs to be applied in order to glue the elements)  

7. The vacuum in the placement head (vacuum 

gripper) is switched off and the arm is returned to the 

vertical position. 

8. Substrate is removed from the table. 

The VAS consists basically of a swing arm (the 

only one moving component) placed on the base 

plate, positioning table (allows a rapid rough and fine 

positioning in X,Y direction and is able to rotate), the 

CCD camera,  an optical arrangement with beam 

splitter cube, vacuum gripper with appropriate 

placement head, lighting, compressed air supply, 

power supply (see figure 1).  

 
Fig.1. Part of the set-up with a beam splitter, lens and 

camera above, vacuum gripper on the top of a swinging 

arm, and the flexible substrate. 

 

3. Assembly set-up 
 

3.1. Beam splitter  
 
The originality of assembly station design 

consists of the optical system with  the cube beam 

splitter.  This is a common optical component that 

partially transmits and partially reflects an incident 

light beam, usually in unequal proportions. In 

addition to the task of dividing light, beam splitters 

can be employed to recombine two separate light 

beams or images into a single path. 

The simplest configuration for a beam splitter is an 

uncoated flat glass plate (such as a microscope slide), 



which has an average surface reflectance of about 4 

percent. When placed at a 45-degree angle, the plate 

will transmit most of the light, but reflect a small 

amount at a 90-degree angle to the incident beam [2].  

The characteristics of the chosen beam splitter are 

presented in table 1. 

Dimensions, [a] 30 mm 
Dimension Tolerance ± 0,2 mm 
Wavelength  400-800 nm 
Material  Optical glass 
Transmission/Reflection 50/50, 

unpolarized 
Beam deviation < 3 arc minutes 

 

Table 1.  Main features of the beam splitter [3]. 
 

3.2. CCD camera and lenses   
 
CCD cameras are widely accepted as an 

important and valuable tool in many areas for image 

processing modules. For the sensor's assembly setup 

it was used a Digital Colour-Camera with Progressive 

Scan-Sensor: AVT MARLIN F-145 C2 with C-

Mount.  The best suited lens should be selected for 

optimum performance in each application. A visual 

field of 10mmx7mm has been considered. Further the 

appropriate characteristics of manual iris lenses for 

constant, stable lighting have been calculated (see 

figure 2) using the basic optic equations [4]. 

Fig.2. Selection of lenses 
 
3.3. Visual feedback and positioning stage. 

 
Positioning stage allows to move in X and Y 

direction and can also rotate. The accuracy in both X 

and Y direction is in range of 1μm and  a step size of a 

stepping motor used for rotation is 0.024°[5]. The 

rotary part can be heated up to the temperature of 

250ºC if needed, and poses two vacuum grooves for 

holding a substrate. Heating and movement of the stage 

is controlled from the computer (ie.Labview).  

Images taken with a CCD camera are sent to the 

computer and the visual recognition is done thanks to 

National Instrument Vision Assistant. Information 

about the position of both a sensor hold by vacuum 

griper and the substrate is analysed and when 

necessary the positioning stage is aligning the substrate 

with the sensor fixed position.  

 

4. Superimposing of images 
 

Figure 3 shows a superimposing of a substrate 

with a conductive tape, a sensor and also one can see 

the light reflected from the metal vacuum grippers. In 

this point it is worth to mention that controlling the 

light intensity, direction and source of light needs to 

be considered. The arrangement of the light is crucial 

for the visual recognition and it is time-consuming. 

 
Fig.3. Superimposing of images.  

 

5. Comment and conclusion  
 

The demand on placement accuracy for sensors 

assembly is nowadays getting stronger. On the other 

hand the number of sensor contacts is on increase and 

the distribution of the contacts on the underside of 

device is different in every case. The modular 

construction of vision alignment system permits the 

retrofitting and change according to application 

requirements.  



Another advantage of the VAS setup is that it allows 

the inspection (control) of assembly process results 

using the same optical equipment.  

This paper presents the early stage of setup 

development and first achievements in sensors 

montage using vision alignment system. Further work 

will be done concerning the selection of appropriate 

bonding method. An automated placement arm will 

replace the actual swing axe in order to improve the 

placement accuracy. 
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