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Summary of Working Principle 

The main function of piezoelectric force sensors is to detect physical stimuli (dynamic forces) applied without 

external power through the piezoelectric effect [1]. This effect facilitates the transformation of mechanical 

parameters into electric signals [2]. These sensors function for magnetic force microscopy with its working 

principle, a mechanical force amplifier, located between the piezoelectric resonator and the magnetic probe [2]. 

The amplifier ties to the main function as it enables one to attain the minimal detection of force (MDF) when 

the system is arranged where the oscillation amplitude of the resonator and resonant arm is much smaller than 

the micro-rod with the probe [2]. The thermal force noise of the micro-rod with the probe determines the MDF 

of the entire sensor [2]. Moreover, the magnitude of this noise depends on the coefficient of friction of the 

micro-rod, thus, the smaller the micro-rod, the lower the level of the noise [2]. 

 

 

Summary of Significant Material Properties 

One common material found in piezoelectric force sensors is PZT-5H (a piezoelectric ceramic material), its 

crucial material component being the electrodes located at the surface [3]. In terms of how its material properties 

affect the device’s performance, the maximum load that can be applied to the piezoelectric sensor is determined 

by the compressive strength of the material [4]. In fact, the comparison between the predicted stress and material 

strength shows that the piezoelectric sensor has a maximum load capacity within a specific safety factor [4]. The 

larger strain due to an external force on a piezoelectric sensor generates higher voltage which ultimately increases 

its force estimation accuracy [3]. The static loading force applied on a piezoelectric component generates constant 

voltage that decreases with time, ultimately causing difficulty in static loading force estimation for the sensor [3]. 

This showcases the major role material properties play in the performance of this sensor. 
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