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Scanning Probe Microscopy (SPM) techniques are the key to real space imaging
of electronic transport properties, including the electrostatic potential distribution and
local field effects, in low-dimensional systems. Despite the wealth of experimental data,
the interpretation of SPM data to extract the local electronic properties of 1D systems
such as carbon nanotubes requires quantitative analysis of the tip-nanotube interactions.
We present here a new approach to quantitatively interpret SPM which treats the
interaction between the probe and the system using a combination of first principles
density functional calculations and continuum electrostatics modeling. In addition, an
original approach for experimental measurement of the tip radius of curvature from the
electrostatic SPM data is presented. Within this approach, we can quantitatively describe,
for the first time, the capacitive tip-surface interactions and predict the magnitude of the
tip gate effect in nanoscale systems, such as carbon nanotubes, oxide nanobelts and
semiconductor nanowires, permitting quantitative determination of electronic properties
of atomic defects in these systems. The various aspects of the model are applied to a
number of recently acquired and published images of nanotube circuits with varied back

gate voltages, and the interpreting power of the approach is demonstrated.
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