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As an example, sensor characteristic of the 50µm travel range device is shown in Fig. 1(c). The experimental 
data are linearly fit and the residuals are also plotted in order to present the deviation from the linear model of the 
particular sensor. As a global measure for the sensors’ nonlinearity the normalized norm of the residuals is chosen. It 
is defined by the ratio of the average residuals norm and the voltage at maximum displacement of the sensor. This 
device is characterized with high mechanical stiffness, resonance frequency of above 15 kHz and highest sensitivity 
of 4.9mV/µm @1VDC power supply. Raw output sensor signal of above 24% of the supply voltage value has been 
recorded. The device has no additional flexure elements and it suffers of relatively high non-linearity of the signal.  

The single crystal silicon flexures are flexible but brittle – despite they are robust and don’t reveal any fatigue at 
moves below the threshold, once the threshold displacement is reached, flexures are ruptured. Additionally, all 
experimental results have been obtained in tensile displacement mode. Due to the buckling of the flexures, 
compression mode is not suggested for present devices. 

3. Experimental results 

3.1. Different design approaches 

There are two main types of 1D position sensor studied in the present work – both types are distinguished by the 
orientation of the detecting cantilevers with respect to the movement direction. As it might be seen from the 
upcoming examples, the detecting cantilevers can be oriented either along the direction of movement or in the 
transversal direction. Both approaches have been exploited in the designed prototypes. 

At design optimization, the criterion of achieving maximal output voltage of the raw signal @ 1VDC for each 
targeted travel range has been chosen. Thus, the displacement conditions at flexure’s rupture terminate both targeted 
parameters – the travel range and the maximal value of the sensor signal. 

3.2. Sensitivity measurements 

In the course of present study six other prototypes have been characterized and results are plotted in Fig. 2 (a)-(f) 
and reported in Table 1. Both above mentioned options for orientation of detecting cantilevers have been exploited.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Sensor characteristics of position sensors at travel ranges of: (а) - 75µm, (b) - 140µm, (c) - 300µm, (d) - 600µm, (e) - 1.5mm, (f) – 2 mm. 

Particularly, for monitoring at travel range of less than 200µm, sensors comprising flexures with modified reed 
mechanisms are preferred. The both sensing cantilevers are oriented in the direction of the movement and they are 
bended in transversal direction. As an example, the sensor characteristic of a device with a modified flexure 
allowing travel range of 150 µm is shown in Fig. 2(b). A record high magnitude of the full range sensor signal, 
being a 28% of the supply voltage, has been observed. Another group of devices, exploiting two transversally 
oriented detecting cantilevers and differential springs, have been used for position monitoring in the range between 
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