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Flexoelectricity emerges as an effective technique for actuation and sensing at the nanoscale1, of-

fering significant advantages over traditional piezoelectric methods. Particularly, in the context of 

nanoelectromechanical systems (NEMS), flexoelectricity excels in areas where piezoelectricity 

falls short. For instance, flexoelectric actuators eliminate the requirement for a passive layer to 

produce bending moments, thus outperforming their piezoelectric counterparts at comparable na-

noscale thicknesses. Moreover, the flexoelectric effect is universal across all material types2, sup-

pressing the necessity for non-centrosymmetric materials that is crucial for piezoelectricity. As a 

result, flexoelectricity remains effective even under extreme temperature conditions. 

Despite these advantages, the path to industrial 

scalability of flexoelectricity is delayed by sig-

nificant obstacles: First, there is a crucial need 

for a reliable method to differentiate flexoelec-

tric effects from other phenomena across vari-

ous materials. Second, the creation of a compre-

hensive catalog of flexoelectric coefficients is 

necessary.  

Our research addresses these significant chal-

lenges. We have developed a methodology to 

differentiate the flexoelectric effect from piezo-

electricity, electrostriction, and electrostatic ef-

fects. This technique enables the accurate quanti-

fication of flexoelectric coefficients at the na-

noscale, effectively isolating them from compet-

ing phenomena. Our method has been validated 

with amorphous HfO2, marking the first meas-

urements of flexoelectricity in an amorphous ma-

terial and pioneering its quantification in hafnia.  

 
1 P. Zubko, G. Catalan, and A. K. Tagantsev, “Flexoelectric Effect in Solids”, Annu. Rev. Mater. Res., vol. 43, p. 387-

421, 2013. 

2 U. K. Bhaskar et al., “A flexoelectric microelectromechanical system on silicon”, Nat. Nanotechnol., vol. 11, p. 263-

266, 2016  

Fig. 1: Measurement of the flexoelectric coefficient 

in amorphous HfO2 for different frequencies. This 

figure illustrates the isolation of the flexoelectric ef-

fect from competing influences such as piezoelec-

tricity, electrostatics, and electrostriction. These re-

sults represent the first quantification of the flexo-

electric coefficient in hafnia, as well as the first 

measurement of this kind in an amorphous material. 
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