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With the restrictions on travelling and social distancing lifted,
we were delighted to continue two series of meetings on atomic
force microscopy (AFM), the 23rd International Conference on
Non-Contact Atomic Force Microscopy (NC-AFM) held in
Nijmegen (Netherlands) and the 6th International Workshop on
Advanced Atomic Force Microscopy Techniques held in
Potsdam (Germany). The strong advance in the field and the
high quality of the presentations motivated us to establish this
thematic issue in the Beilstein Journal of Nanotechnology for
compiling the latest results on developments and applications of
atomic force microscopy techniques.

Atomic force microscopy, a technique soon celebrating its 40th
anniversary, is nowadays a well-established tool for the investi-
gation of nanoscale phenomena. The technique is steadily de-
veloped to increase accuracy, precision, and versatility; some of
these developments are presented in contributions to this
thematic issue.

Along these lines, Dickbreder et al. address the precision of
scanning probe microscopy experiments by introducing a soft-
ware for lateral drift correction [1]. Post-data acquisition drift
correction for longer series of consecutively recorded image
sets can be cumbersome and extremely time consuming. Here,
the authors develop an easy-to-use and robust software tool
(”unDrift”), which allows reliable and fast drift correction.
Dickbreder et al. demonstrate the robust performance of the
software tool by AFM data recorded under varying conditions
(vacuum or liquid environment) on calcite surfaces with
recording times up to several hours.

The work by Nony et al. addresses the significantly increased
precision of force spectroscopy measurements when performed
with a quartz cantilever allowing to reduce the oscillation
amplitude to values in the low picometer regime [2]. As the
conversion of frequency-shift to force data critically depends on
the accurate knowledge of the quartz cantilever stiffness,
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the authors develop a method to quantify the stiffness
based on thermal noise measurements and numerical simula-
tion.

Calibrated measurements of conductivity and resistivity are the
focus of the contribution by Piquemal et al. [3]. A particular
challenge in precision measurements of local electrical parame-
ters lies on possible contributions of environmental factors as
well as on unknown electrical properties of the scanning tip.
The work by Piquemal et al. tackles these challenges by
introducing a reference sample suitable for calibrating the
microscope over a wide current range. A central zone of the
sample offers several contact pads, each addressable by the
tip of a conductive atomic force microscopy probe, and
each connected to a different calibrated resistor. Thus, calibrat-
ed current measurements over a large current range become
possible.

Khachartryan et al. highlight the strength of cantilever displace-
ment detection with a Michelson-type fibre interferometer and
provide a model for interferometric signal generation [4]. The
interferometer response is slightly nonlinear under typical
NC-AFM working conditions, while a large cantilever oscilla-
tion amplitude yields a signal with a complex temporal struc-
ture. This is due to the interferometer signal being limited in
amplitude by the spatial periodicity of the cavity light field. By
the fit of a model function to the measured time-domain inter-
ferometer signal, all displacement signal parameters can
precisely be determined regardless of the oscillation amplitude.
As the periodicity of the cavity light field scales with the length
standard given by the laser light wavelength, this specifically
facilitates a calibration of the oscillation amplitude with
unprecedented accuracy and precision not involving any
tip–surface interaction.

The measurement of electrostatic properties at the nanoscale
emerged as a most relevant subfield of atomic force microsco-
py, especially driven by electrostatic force microscopy (EFM),
Kelvin probe force microscopy (KPFM), and closely related
techniques.

Grévin et al. further push the boundaries of the detection by
implementing an open-loop variant of KPFM which accesses
the spectrum of a time-periodic surface potential [5]. By
exploiting a double heterodyne frequency mixing effect, they
can selectively transfer each harmonic component to the second
cantilever eigenmode, which is particularly relevant when
generating the time-periodic potential by optical or electrical
pumping. With this development, the authors could present the
detection of modulated components that are below the detec-
tion limit of other KPFM measurement modes.

Da Lisca et al. investigate the cross-sectional potential distribu-
tion across a III-V multilayer stack [6]. With a spatial resolu-
tion down to 20 nm at ambient conditions, they identified the
presence of several space charge regions along the stack. The
authors further conclude on future requirements on electrical
contacts to carry out a more detailed characterization of the
optoelectronic properties.

Rothhardt et al. map the local work function on graphene
nanoribbons [7]. They experimentally investigate the charge
transfer between a gold substrate and graphene nanoribbons and
compare that to DFT calculations. Indeed, the doping of the
graphene nanoribbons is reflected by the local work function.
They also measure and calculate the local work function as a
function of tip–sample distance and compare results to those of
simple electrostatic models of a graphene nanoribbon, vali-
dating the overall approach of measurement and calculations.

Eftekari et al. measure the local surface photovoltage generated
in a silicon photodiode integrated with a piezoelectric mem-
brane [8]. The design of such a device allows for the laterally
resolved simultaneous quantification of the photovoltage gener-
ated by the photodiode as well as the mechanical oscillation of
the piezoelectric membrane with highest resolution in real time.

In addition to the measurement of surface potentials or photo-
voltages, Navarro-Rodriguez et al. investigate the dynamics of
surface charges and how they couple to the detection system
[9]. They describe in detail how Joule dissipation leads to
energy dissipation of the cantilever oscillation and a reduction
in amplitude for constant excitation. They focus on two-dimen-
sional materials and discuss how the reduction in amplitude re-
sulting from energy dissipation influences the height measure-
ment. In addition to the inaccuracy caused by electrostatic or
capillary forces, this is an additional mechanism having an
impact on AFM height measurements.

Closely related is the measurement of conductivity. Skolaut et
al. investigate conductivity in dependence on the roughness of
the substrate using alkanethiol self-assembled monolayers
(SAMs) and conducting AFM [10]. The authors find that
rougher surfaces lead to stronger variations in conductivity, and
it is suggested that a correlation of topography and conductivity
maps is carried out to identify suitable areas for a representa-
tive averaging of conductivity values.

Müller et al. present the application of AFM-based infrared
nanospectroscopy to coated polymer surfaces [11]. The authors
prepare thin films of SiOx on polypropylene surfaces by
plasma-enhanced chemical vapor deposition (PE-CVD), which
is commonly done to improve gas barrier properties of
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polypropylene. They characterize SiOx films as thin as 5 nm by
the so-called surface-sensitive mode, in contrast to the estab-
lished contact mode, which provides much less surface sensi-
tivity.

A particular strength for the study of materials is the combina-
tion of different measurement modes. Rothe et al. extend the
characterization of defects in a single layer of graphene on
iridium that were induced by rare-gas ion bombardment by
using combined scanning tunnelling microscopy (STM) mea-
surements and NC-AFM [12]. The authors reveal that presumed
monoatomic vacancies, as deduced from STM measurements
alone, have rather different origins. The authors assign one type
of defects to a possible defect in the Ir surface. The other type is
identified as four missing carbon atoms corroborated by a
higher reactivity with the tip.

We thank all authors who contributed to this thematic issue and
we are grateful to all reviewers for their input which was most
helpful. It has been our greatest pleasure to work with the team
at the Beilstein Journal of Nanotechnology and we appreciate
their continuous support.
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