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ABSTRACT. The detection of surface waves through scanning near-field optical microscopy (SNOM) is a
promising technique for thermal measurements at very smallscales. Recent studies have shown that electro-
magnetic waves, in the vicinity of a scattering structure such as an atomic force microscopy (AFM) tip, can be
scattered from near to far-field and thus detected. In the present work, a model based on the finite difference
time domain (FDTD) method and the near-field to far-field (NFTFF) transformation for electromagnetic waves
propagation is presented. This model has been validated by studying the electromagnetic field of a dipole
in vacuum and close to a dielectric substrate. Then simulations for a tetrahedral tip close to an interface are
presented and discussed.
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INTRODUCTION

Radiative properties of a surface are usually considered inthe far-field domain, i.e. the electromagnetic waves
emitted by a surface follow a broad spectral distribution (the Planck’s function) and are usually characterized by
isotropic angular evolution. This behavior can be related,at a microscopic level, to the spatially and temporally
uncorrelated processes of atom desexcitation between two energy levels. Besides, it is obvious that the far-
field approximation is only true when the distance to the surface is greater than the considered wavelength.
Otherwise, new interesting features can be observed as it has been shown in recent studies by [1–6]. Among
the most amazing effects, there are two points : (1) thermal sources can be coherent spatially and temporally,
and (2) the spectral electric density of energy could be enhanced by several orders of magnitude. The underlying
physics is mostly related to the occurrence of surface waves. Thus, during the last decade a lot of theoretical and
experimental research has been achieved on the electromagnetic near-field. On one hand, numerical simulations
involving surface waves are numerous, for example works dedicated to nanoparticules interaction with surface
waves such as plasmons has been extensively studied [7–12].On the other hand, experimental techniques have
been developed. One of the noticeable achievement has been the development of the scanning near-field optical
microscopy (SNOM), that can be used to reconstruct thermal field with sub-wavelength resolution.
Different types of SNOM techniques exist. Most of the time the characterized nanostructured sample is illu-
minated by an external source and the resulting near-field iscollected through an optical fiber with a given
aperture that defines the apparatus spatial resolution. Another SNOM technique, which is discussed in the
present study, is based on the measurement of the scattered near-field by a small tip. This technique is also
known as "apertureless" SNOM. Its main interest is the enhancement of spatial resolution which directly de-
pends of the tip size. In the case of atomic force microscopy (AFM) tip, expected resolution can be around
100 nm, i.e.≈ λ/100 with illumination by a CO2 laser. The main drawback of the apertureless SNOM is
due to the sample illumination that cannot be localized on a very small area and thus induces a strong back-
ground. The scattered electromagnetic near-field being collected in the far-field, measurements are very noisy
and need a dedicated processing to extract useful data. Lock-in detection at the AFM tip oscillation frequency
f is usually performed in order to recover the signal.
On the basis of this last technique, a new near-field scanningmicroscopy has been introduced few years ago
by Y. De Wilde and co-workers [13]. The idea was to suppress the external illuminating source and to use
the infrared thermal field of the sample to perform measurements, as shown in Fig. 1. In their experiments
the authors state that the detected signal is related to the electromagnetic local density of states (EMLDOS)
averaged on the normal axis to the surface. On the basis of strong similitudes with a point dipole like tip
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