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Functional properties of complex materials and biological systems alike are

determined by complex set of mechanical, electrical and electromechanical interactions

on the length scales from macroscopic to molecular. Understanding these systems

requires capability to probe these interactions on the nanoscale – the goal that can be

achieved by advanced Scanning Probe Microscopy techniques. The image formation

mechanism in these techniques is ultimately controlled by the contact mechanics of the

tip-surface junction. Nanoelectromechanics of piezoelectric indentation, including the

structure of coupled electroelastic fields and stiffness relations, is analyzed for several tip

geometries. The results of Hertzian mechanics are extended to piezoelectric materials,

relating indentation depth, force and bias to the relevant material properties. The structure

of the electroelastic field yields a quantitative measure of the signal generation volume in

electromechanical SPMs and also provides a quantitative basis for the analysis of tip-

induced polarization switching and local hysteresis loop measurements. An approach for

combined imaging of elastic and electromechanical properties of materials is presented.

This combination of techniques is used to address a broad set of phenomena – from three

dimensional polarization imaging in perovskite oxides to quantitative description of PFM

hysteresis loop and switching phenomena. The applicability of these techniques to the

local elastic and electromechanical imaging of biological systems is demonstrated for

objects from butterfly wings to bones, and future prospects for imaging on a single

molecule level are discussed.
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