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Progress in nanotechnology requires quantitative knowledge of structure, electronic

and electromechanical properties, and transport behavior of materials and devices on the

nano- and atomic levels. In this talk, I will illustrate the potential of Scanning Probe

Microscopy (SPM) techniques for quantitative transport, electronic, and

electromechanical imaging on the nanoscale. Nanoscale transport imaging is illustrated

on an example of Scanning Impedance Microscopy of electroactive interfaces that

combines the spatial resolution of traditional SPMs with the precision of C-V and I-V

measurements. In Scanning Gate Microscopy, quantitative image interpretation using

first principles density functional theory and quantum electrostatics allows transport

behavior to be accessed on the level of individual atomic defects in carbon nanotubes.

The electronic structure behavior on the atomic scale is illustrated on an example of

intriguing surface physics of layered strontium ruthenates, Sr2RuO4 and Sr3Ru2O7, that

exhibit an array of atomic defects after cleaving in vacuum observable using scanning

tunneling microscopy [1]. At room temperature, surface defects are randomly distributed,

but are surprisingly ordered at below 200 K and form extended stripe- and net ordering.

These defects can be interpreted either as structural SrO defect pairs or electronic charge

ordering and experimental results are compared with DFT calculations to verify these

models.

In the last part of the talk, the quantitative electromechanical imaging of

ferroelectric materials using Piezoresponse Force Microscopy (PFM) is illustrated. The

solution of the coupled electroelastic problem for piezoelectric indentation is derived and

used to obtain the tip-induced electric field and strain distribution in the ferroelectric

material. This establishes a complete continuum mechanics description of the PFM

imaging mechanism. Electroelastic field distributions are used for a quantitative analysis

of the PFM polarization switching processes. Potential of PFM for nearly atomic density

ferroelectric storage and lithography is illustrated.
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