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Foreword

The Nobel Prize of 1986 on Scan-
ning Tunneling Microscopy signaled
a new era in imaging. The scan-
ning probes emerged as a new in-
strument for imaging with a pre-
cision sufficient to delineate single
atoms. At first there were two — the
Scanning Tunneling Microscope, or
STM, and the Atomic Force Micro-
scope, or AFM. The STM relies on
electrons tunneling between tip and
sample whereas the AFM depends
on the force acting on the tip when
it was placed near the sample. These
were quickly followed by the Mag-
netic Force Microscope, MFM, and
the Electrostatic Force Microscope,
EFM. The MFM will image a single magnetic bit with features as small as 10 nm.
With the EFM one can monitor the charge of a single electron. Prof. Paul Hansma
at Santa Barbara opened the door even wider when he was able to image biological
objects in aqueous environments. At this point the sluice gates were opened and
a multitude of different instruments appeared.

There are significant differences between the Scanning Probe Microscopes or
SPM, and others such as the Scanning Electron Microscope or SEM. The probe
microscopes do not require preparation of the sample and they operate in ambient
atmosphere, whereas, the SEM must operate in a vacuum environment and the
sample must be cross-sectioned to expose the proper surface. However, the SEM
can record 3D image and movies, features that are not available with the scanning
probes.

The Near Field Optical Microscope or NSOM is also member of this family. At
this time the instrument suffers from two limitations; 1) most of the optical energy
is lost as it traverses the cut-off region of the tapered fiber and 2) the resolution is
insufficient for many purposes. We are confident that NSOM’s with a reasonable
optical throughput and a resolution of 10 nm will soon appear. The SNOM will then
enter the mainstream of scanning probes.




VI Foreword

In the Harmonic Force Microscope or HFM, the cantilever is driven at the
resonant frequency with the amplitude adjusted so that the tip impacts the sample on
each cycle. The forces between tip and sample generate multiple harmonics in the
motion of the cantilever. The strength of these harmonics can be used to characterize
the physical properties of the surface.

It is interesting to note that this technology has spawned devices of a different
kind. In one instance, the tip is functionalized in a way that allows the attachment of
a single protein. Withdrawing the tip from a surface stretches the attached molecule
and measures the elastic properties of single protein molecules. In another the surface
tension on the surface of the cantilever is modified with a self-assembled monolayer
of molecules such as thiols. The slight bending of the beam is easily detected with
the components developed for use in the scanning probes. This system is used to
detect the presence not only of the monomolecular layers but also of single molecules
attached to the initial self-assembled monolayer.

The extensive material in this field means that the variety of topics is larger than
can be accommodated in four volumes. The Editors, Profs. Bhushan and Fuchs, must
have great powers of persuasion for they have done a remarkable job in collecting
this set of paper in a relatively short period of time. The collection will become
a milestone in the field of scanning probes.

c.f. quate

Leland T. Edwards Professor (Research) of Engineering
Stanford University

Stanford, California

Co-inventer of AFM in 1985



Preface

The rapidly increasing activities in nanoscience and nanotechnology supported by
sizable national programs has led to a variety of efforts in the development and
understanding of scanning probe techniques as well as their applications to industrial
and medical environments. Beyond imaging, scanning probe techniques representing
the eyes of nanotechnology allows us to investigate surfaces and interfaces close
to surfaces at the nanometer scale and below, thus providing information about
structure, mechanical, electronic, and magnetic properties. It became apparent during
the collection phase of Vol. I in 2003 that many more activities exist which deserve
presentation. Therefore, this three volume set was prepared in order to display the
wide breadth of this field and also to provide an excellent compendium for recent
developments in this area. The response of colleagues and research groups being
asked to contribute has been very positive, such that we decided, together with the
publisher, to rapidly move on in these areas. It became possible to collect excellent
contributions displaying first hand information from leading laboratories worldwide.

The present volumes II-IV cover three main areas: scanning probe microscopy
(SPM) techniques (Vol. II); characterization (basic aspects, research, Vol. III); and
industrial applications (Vol. IV).

Volume II includes overviews on sensor technology based on SPM probes, high
harmonic dynamic force microscopy, scanning ion conduction microscopy, spin
polarized STM, dynamic force microscopy and spectroscopy, quantitative nanome-
chanical measurements in biology, scanning micro deformation microscopy, elec-
trostatic force and force gradient microscopy and nearfield optical microscopy. This
volume also includes a contribution on nearfield probe methods such as the scanning
focus ion beam technique which is an extremely valuable tool for nanofabrication
including scanning probes.

Volume III includes the application of scanning probe methods for the char-
acterization of different materials, mainly in the research stage, such as applica-
tions of SPM on living cells at high resolution, macromolecular dynamics, organic
supramolecular structures under UHV conditions, STS on organic and inorganic low
dimensional systems, and ferroelectric materials, morphological and tribological
characterization of rough surfaces, AFM for contact and wear simulation, analysis
of fullerene like nanoparticles and applications in the magnetic tape industry.

The more relevant industrial applications are described in Vol. IV, which deals
with scanning probe lithography for chemical, biological and engineering applica-
tions, nanofabrication with self-assembled monolayers by scanned probe lithogra-
phy, fabrication of nanometer scale structures by local oxidation, template effects of



VIII Preface

molecular assemblies, microfabricated cantilever arrays, nanothermomechanics and
applications of heated atomic force microscope cantilevers.

Certainly, the distinction between basic research fields of scanning probe tech-
niques and the applications in industry are not sharp, as becomes apparent in the
distribution of the individual articles in the different parts of these volumes. On the
other hand, this clearly reflects an extremely active research field which strengthens
the cooperation between nanotechnology and nanoscience.

The success of the series is solely based on the efforts and the huge amount of
work done by the authors. We gratefully acknowledge their excellent contributions
in a timely manner which helps to inform scientists in research and industry about
latest achievements in scanning probe methods. We also would like to thank Dr.
Marion Hertel, Senior Editor Chemistry, and Mrs. Beate Siek of Springer Verlag for
their continuous support, without which this volume could never make it efficiently
to market.

January, 2006 Prof. Bharat Bhushan, USA
Prof. Harald Fuchs, Germany
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