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Abstract: In this work we propose a method for on-cantilever force control for application in force 
distance (F-z) spectroscopy for intermolecular interaction sensing. In this method we perform the 
F-z measurements with cantilevers integrating functionalized spheres attached to them. The F-z 
curve is obtained by controlling the Lorentz force acting at the cantilever free end. The 
intermolecular interaction forces are measured by measuring the force necessary to retract the 
cantilever from the surface. The required force is generated by the current passing through the 
cantilever. In this scenario we monitor the bending of cantilevers using optical beam deflection 
(OBD) method. Moreover, as deflection of the cantilever was electromagnetically controlled it was 
possible to calibrate the OBD response as well. 
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1. Introduction 

Since their first application in topography measurements in the Atomic Force Microscopy 
(AFM), silicon cantilevers have evolved into a new class of devices applied in metrology. The further 
development and their popularity has created a new field of scanning probe microscopy (SPM) 
technology. Only due to the modification of the cantilever properties, the SPM methods enable 
investigations of not only the surface topography but many other surface properties [1] like potential, 
magnetization, temperature, local force interactions [2]. The cantilevers, as micromechanical devices, 
are the versatile sensors with a wide field of applications in physical, chemical and biological sensing. 
In micro- and nanoelectromechanical systems (MEMS, NEMS) the movement of the device 
mechanical parts is controlled electrically. In this way, it is possible to excite static and resonance 
structure deflection. In case of the cantilevers, various methods of vibration excitation have been 
proposed including piezoelectric shakers, piezoelectric films, electrostatic, thermal and 
electromagnetic actuators. 

In this article we present a method for F-z spectroscopy investigations enabling quantitative 
measurements of intermolecular bond forces based on an application of electromagnetically actuated 
array cantilevers. The electromagnetic cantilevers are based on silicon on insulator (SOI) technology, 
which was proposed in order to enable fabrication of micromechanical structures of defined 
parameters and allow investigations with a precise force control. 
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2. Materials and Methods 

In our experiments we use the electromagnetically actuated array cantilevers—Figure 1, 
fabricated in Institute of Electron Technology in Warsaw. The cantilevers have length ranging from 
300 to 600 µm, 100 µm width and thickness of 1 or 1.5 µm. They are entirely made from Boron-doped 
silicon (BDS) basing on SOI technology. 

 
Figure 1. (a) Electromagnetically actuated array cantilevers with sphere mounted near their free end. 
Each cantilever integrates its own conductive loop, allowing for independent motion control; (b) 
thermomechanical noise measurements of the cantilevers (before sphere placement). The 
thermomechanical noise provides the estimated mechanical properties of each cantilever (c) Array 
with flat, gold functionalization layer. (d) Result of the thermomechanical noise measurements of the 
cantilevers with gold functionalization pads. 

The boron doping allows for the current passing and Lorentz force actuation (1). In this 
technology the external magnetic field interacts with the current flowing through conductive loop 
producing the Lorentz force F [3–5]: 𝐹⃗ = 𝐿௅(𝐼 × 𝐵ሬ⃗ ) (1) 

where LL—distance between cantilever legs, I—current vector, B - magnetic field vector. Our 
investigations follow two scenarios—Figure 2. We load the cantilevers with 32 to 40 µm hollow glass 
microspheres made out of SiO2 and SiO2 coated with 50 nm Au—Figure 1a. In the second scenario we 
place the spheres onto prepared substrate with inverted pyramid arrays and perform investigations 
with cantilevers with flat gold area. The use of the microspheres allows for good contact region 
definition and allows us to apply different functional layers within single array [4]. The mass of the 
spheres is of ca. 20 ng and does not significantly affect the control of the cantilevers movement. 

The bending is observed using a typical optical beam deflection OBD detector, commonly used in 
AFM technology. The cantilever motion can be read from the OBD signal as well as from the current 
driving the cantilever [5]. In our method, the OBD acts as snap-in and pull-off interactions indicator. 
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Figure 2. Schematic illustration of F-z spectroscopy investigation with SiO2 or Au coated SiO2 spheres; 
(a) This setup involves loading the cantilever with the sphere and investigating interactions between 
this functionalized sphere and flat surface; (b) setup, which involves sphere placed in with inverted 
pyramid arrays and investigating interactions between functionalized surfaces of sphere and flat gold 
layer on the cantilever. 

3. Results 

Figure 3 shows the results of the reverse F-z spectroscopy (RFS) measurement at ambient 
conditions. The use of this mode does not prohibit the use of classic Force Spectroscopy. The typical 
curve differs from one obtained in standard F-z mode. In standard mode the cantilever remains in 
constant position during the approach, but the sample moves towards it. When cantilever comes into 
contact it is bend. The deflection is matching the movement of the sample surface and the force acting 
on the cantilever tip is calculated from Hooke’s law. 

 
Figure 3. Result of the reverse F-z measurement. The cantilever approach and retracement is realized 
by the modulating current in Lorentz loop. This setup does not require Z-axis piezoelectric scanner. 

In the RFS, the linear region of the OBD response is observed when the cantilever is not in contact 
with the investigated surface. When in contact, the position remains almost unchanged as additional 
force is insufficient to cause cantilever penetration into surface. However, with the increased force 
we can also perform indentation investigations on the sample. 

The electromagnetic driving gives us ability to linearly control the force with 20 pN uncertainty 
or better. 

4. Conclusions 

We have demonstrated the electromagnetically actuated array cantilevers with the ability to 
operate in F-z spectroscopy. The proposed cantilever utilizes electromagnetic actuation to perform 
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so-called RFS investigations. Due to the precise control of the cantilever motion, we obtain 
quantitative information about adhesion forces between cantilever and sample. 
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