
Flexoelectric 
electromechanical device
Flexoelectricity becomes a competitive 
replacement for piezoelectricity in widely 
used applications thanks to a patented 
discovery published in Nature

ICN2 researchers have developed a micro/nano 
electromechanical system (MEMs/NEMs) cantilever device 
based on the flexoelectric effect. The device converts 
bending motion into a voltage or vice versa.

This technology replaces piezoelectric based bimorph 
cantilevers, broadly used in electronics, by a single-
element cantilever made with semiconductor material. 
The flexoelectric response of semiconductors materials 
is shown to be able to compete with the response of 
piezoelectric materials.



Flexoelectricity is here to stay

Until know it was thought that the flexoelectric effect only existed in electrical insulators 
(materials that do not conduct electricity). A patented technology published in 
Nature demonstrates that flexoelectric-like effects are more ubiquitous than 
previously thought.

ICN2 researchers reported that semiconductors also generate electricity in response 
to bending. This is important because semiconductors are a ubiquitous family of 
materials that are already widely used in such important devices as transistors (the 
heart of integrated circuits) or photo-voltaic cells. 

From now on, it is also possible to use semiconductors in applications using 
piezoelectric materials. Such applications are common in important devices for our 
life, such as frequency filters in mobile phones or medical ultrasound sensors.

Piezoelectric materials convert an electrical 
voltage into a bending deformation, or a bending 
deformation into a voltage.

Flexoelectric materials can generate a 
voltage when bent and, conversely, can bend in 
response to a voltage.

FUTURE APPLICATIONS Sensors a Energy harvestingaTransducersa



The drawbacks of current cantilever-like devices

The materials with highest piezoelectric coefficients are ferroelectric. Even though 
such materials are present in widespread devices they present serious problems:  

• Ferroelectrics are often toxic lead-based materials. 
• They are prone to fatigue and depolarization. 
• They cease to function permanently when overheated. 
• Ferroelectric materials are often difficult to combine with silicon.
• They require the design of bimorph structures (stacked layers of two 

different materials) which can lead to delamination and mechanical 
failure.

Flexoelectricity is a close relative to piezoelectricity, and it was already competitive 
against it at the nanoscale. Now it can also compete at the macroscale, offering a 
series of advantages:

• Green: enables lead free device.
• Cheap: the materials used are less expensive and the production process 

is simpler.
• Linear: ferroelectric-based piezoelectrics have non-linear hysteretic 

response.
• Robust: increased resistance to temperature variations.
• Durable: there’s no material interface stress.

Bottom: a bent dielectric generates 
polarization from flexoelectricity 
at the interior and at the surfaces 
(green arrows). The flexoelectric 
coefficient of a ceramic material is 
typically in the nC/m to µC/m range 
(blue data). 

Top: by doping the same ceramic, 
the free carrier contribution to the 
total flexoelectricity is increased. The 
flexoelectric coefficient grows by two 
orders of magnitude (red data). 

The benefits of flexoelectricity

Smart citiesa ResonatorsaMedical devicesaAccelerometersa



This application is Patent pending.
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