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Abstract. Most assembly processes on the nano-scale take place in a Scanning 

Electron Microscope (SEM) for the reason of high magnification range of the 

microscope itself. Like all microscopes, the SEM delivers visual data just in 

two dimensions. This is a bottleneck for all assembly processes which require 

of course information of the parts to join in a third dimension. This paper shows 

an approach with a dedicated sensor. As an example for an assembly process a 

carbon nano tube (CNT) is fixed on a sharp metal tip. The sensor used detects 

contact between these two parts by exciting a bimorph cantilever made from 

piezoelectric material. It is shown that with this approach the contact is reliably 

detected. Recent experiments on introducing a new excitation structure show 

the possibility to add more dimensional testing in the same way as the one 

dimensional type. 

Keywords: Assembly process, carbon nano tube, TouchDown sensor, 

automation. 

1 Introduction 

The deterministic assembly of parts and components on the micro- and 

nano-scale is derived from assembly processes as known from the 

macro- and meso-scale. Although a lot of similarities exist for both 

regimes, micro- and nano-scale assembly faces some distinct 

differences, making it a challenging task both for manual and 

automated execution [8], [2].  

Fig. 1 shows a typical flowchart for such an assembly process, which 

consist of the tasks Transport, Adjustment, Joining, Separation and 

Inspection. For the assembly of one product, these tasks have to be 

repeated in a sequence. In contrary to self- and parallel assembly, 
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the assembly process and usually involves testing of the bond between 

the parts. 

Especially in the transportation and in the adjustment tasks, the 3D-

alignment of parts or tool and part, respectively, is challenging for the 

above mentioned reasons. In section 2, these challenges will be 

described in more detail, resulting from the characteristics of the 

magnifying vision sensors. Based on typical sceneries in nano-scale 

assembly, the methods for in- and out of-plane coarse alignment will be 

discussed shortly. Additionally, the implemented approach for coarse 

alignment is discussed in more detail. Section 3 describes the 

TouchDown-sensor, a tool used for contact detection between tool and 

substrate or part, respectively. The results of the implemented 

alignment process will be described section 4 in more detail. Section 5 

concludes the approach. 

2 Challenges and approaches in aligning tool and object 

Magnifying vision sensors are literally spoken the gate for accessing 

the micro- and nano-scale. Most commonly, optical light microscopes 

are used for the micro-scale; for accessing the nano-scale, scanning 

electron microscopes (SEM) and its derivates or - less frequently - 

scanning probe microscopes are used. Within this paper, the focus will 

be on SEM [1], [10]. Although they provide practical image acquisition 

speed, high and adjustable magnification, the high depth of focus and 

parasitic effects like image drift limit their applicability as a precise and 

unique global sensor [6]. 

The high depth of focus, usually considered as a benefit for analytical 

purposes, requires an experienced operator in manual assembly and 

dedicated sensor tools or methods in automated assembly, respectively, 

for out of plane alignment of part and tool. The parasitic effects, 

resulting from hysteresis effects on the scanning coils of the SEM and 

from charging effects in the scene, complicate the in-plane alignment. 

Therefore, the approach between tool and object is realised using visual 

servoing [9], [4], i.e. the distance between both objects is measured 

with object recognition methods in the recorded image. These relative 

measurements allow for precise alignment, however, the procedure 

requires continuous image acquisition, which limits the process speed 

compared to open-loop-alignment based on a world model. 
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4 Results 

The automated alignment sequence consisted of three sub-sequences. 

The first step (Fig. 4a) consisted of the course x,y-alignment at a scan 

field size of 35µm. The z-course alignment was performed by depth-

from-focus (cp. section 2). The second step was the fine alignment step 

in x-direction (Fig. 4b). The x alignment has been separated from the y 

alignment in order to get more reliable results from visual servoing by 

avoiding overlap. Finally, the metal tip moved below the CNT (Fig. 

4c). The steps 2 and 3 could be performed safely because of a distance 

of more than 25µm between substrate and CNT (cp. Fig. 2 h1 and h2). 

Starting from the x-y aligned setup the touchdown sequence has been 

executed.  

 

Fig. 4. Alignment sequence between a fine etched metal tip and a CNT. The top row shows the 

schematic drawings, the bottom row the corresponding images taken in the SEM. 

Fig. 5 (left) shows the measured oscillation amplitude at resonance 

frequency in nm over the amplitude of the driving voltage in mV. 

Obviously, a wide range of amplitudes can be set with relatively small 

voltages. It is important that the oscillation amplitude of the sensor is 

smaller than the critical size of the object (CNT). This allows for even 

smaller CNTs or other nano-scale objects to be detected with the 

TouchDown-sensor. 
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Fig. 5. Oscillation amplitude of the TouchDown-sensor in its working point over the amplitude 

of the driving voltage (left). Contact measurements between a fine etched metal tip and a CNT 

(right). 

Figure 5 (right) shows the contact detection between a fine etched 

metal tip and a CNT. The contact is detected as soon as a predefined 

relative phase shift threshold has been reached. The sensor was excited 

with a voltage of 0.7mV. This corresponds to oscillation amplitude of 

98nm. The result indicates that the contact can be safely detected. The 

measured data showed quasi linear behaviour after the first contact with 

a factor of 7.135·10³s/m. The force applied to the CNT at detection 

threshold was about 4.9µN.  

The reliability of the contact detection method has been evaluated 

during 500 touchdown cycles. The metal-tip started at a distance of 

4µm below the CNT at the beginning of each cycle and moved at a 

velocity of 0.133µm/s towards the CNT. The phase shift threshold has 

been set to 1.5° for contact detection. During the 8.3h of measurement 

98.4% of all touchdowns have been detected correctly.  

5 Conclusion 

The 3D-alignment procedure in an assembly process on the nanoscale 

in SEM consists of in- and out-of plane alignment steps between tool 

and part. Both steps are crucial for automated assembly on the nano-

scale and compared to the macro- and meso-scale, dedicated tools and 
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methods have to be developed. The TouchDown-sensor provides the 

necessary contact detection. Its reliability was proven in this 

presentation. Three-dimensional measurement would add extra value to 

a possible implementation of automated assembly systems. This will be 

achieved in further research by superimposing the TouchDown-

principle on an advanced structure which is capable of more 

dimensional movement. 
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