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Imaging subwavelength holes in chromium films in scanning
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and calculation
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Abstract. Near-field optical signals are imaged in the vicinity of nano-holes using two different near-field optical microscopes. The
experimental results are compared with electromagnetic field calculations based on a modal approximation. It turns out that an
optical fibre detects the Poynting vector whereas the apertureless tip is sensitive to the field amplitude.
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1 Introduction

Scanning near-field optical microscopy has undergone a
remarkable growth over the last decade [1]. The various
techniques which have been used in the design of near field
optical microscope involve either an apertureless diffusion
tip or a sharpened optical fibre as a local probe to map
the optical near field over the sample surface. Advances
in instrumentation correlated with theory and modelling
have led to a better understanding of the signals which
are detected in the near zone. A recent review of both
theoretical formalism used and experimental potentialities
can be found in reference [2]. However, well defined test
samples investigated with various types of Scanning Near-
Field Microscope (SNOM) or Scanning Tunnelling Opti-
cal Microscope (STOM) working in several illumination
modes are sparse. The investigations on such test samples
have stimulated much efforts in the CNRS framework of
the French Research Group “Optique du Champ Proche”.
A comparison of the test images recorded by means of a
set of five different microscopes has been made recently [3].
The samples investigated are truncated circular holes cre-
ated in a chromium layer deposited on a cover glass slide.
Such test objects are well suited to understand the nature
of the optical signal recorded by different apparatus. The
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nominal diameter of the test sample is close to half the
wavelength of the excitation source as it was for the sub-
wavelength aperture studied by Lezec et al. [4]. Metal is
chromium instead of silver avoiding the possibility of sur-
face plasmon excitation when studied in the visible optical
domain.

It is well known that sharpened optical fibres can
detect the intensity of the evanescent field [5,6]. More-
over the known field enhancement at the metallic tip
apex [7-10] could allow the detection of the axial com-
ponent of the electromagnetic field [11]. This assumption
was made in recent studies [12].

The main purpose of the present study is to correlate
the near-field optical signal experimentally obtained with
a crude theoretical approach. It appears in reference [3]
that in similar illumination geometries, signals differ sig-
nificantly depending on fibre or tip detection. We address
the question: could the same theoretical model be used to
interpret the images obtained with two different devices
one using a fibre and the other a metallic tip? In Section 2
we describe the investigated samples. Two set-ups work-
ing in transmission mode are chosen, their characteristics
are depicted in Section 3. The near-field optical images are
presented in Section 4 and the formalism used to model
the near-field optical signals is explained in Section 5. A
comparison between experiment and computed results is
made in Section 6 and in the last section conclusions are
given.



2 Samples preparation
2.1 Sample preparation

Test samples are prepared from deposition of polystyrene
latex beads (diameter ~ 300 nm) onto a thin microscope
plate (thickness 400 nm) using a method close to that
described in reference [13]. The substrate is cleaned with
distilled water and ethanol, and dried in clean ambient
conditions. Latex spheres in water dilution are deposited
onto the surface. After drying one obtains isolated spheres
or small groups of spheres or even mono-layers depending
on suitable concentration of beads versus the area of depo-
sition. A chromium layer of a few nanometers of thickness
is then evaporated on the surface and finally the latex
spheres are chemically lifted off. A random distribution of
perfectly circular holes is obtained reproducing faithfully
the original positions of the spheres before removal.

2.2 Sample characterization by SEM or AFM imaging

A typical SEM image is presented in Figure 1. It shows the
imprint of the latex spheres in the metal surface. A group
of undissolved latex spheres remaining on the surface can
also be observed. Scanning the surface with an AFM tip
enables to determine the radius of the isolated holes and
the approximate depth of the chromium layer. This mea-
surement does not take into account the convolution by
the conical tip.

The measured average diameter of the holes is less than
200 nm at the bottom and about 350 nm at the top of the
chromium surface. Their depth is about 25 nm as shown
in reference [3] see Figures 3b, e, f. It is also clear that
there remains some roughness at the bottom of the hole
(typically 2 or 3 nm) due probably to some pollutant.

3 Experimental set-ups
3.1 Apertureless configuration

In this SNOM/AFM configuration the probe is an aper-
tureless metallic tip made from a tungsten wire etched by
electrochemical erosion. The typical radius of curvature of
the conical tip end is smaller than 50 nm, sometimes less
than 10 nm (measured by scanning electron microscopy
SEM) as shown in Figure 2.

The tip is 90-deg. bent at 1 or 2 mm from its extrem-
ity. The “L” shaped tip is then stuck onto a piezoelectric
transducer and thus it oscillates periodically above the
sample, and perpendicularly to the sample surface, as in
AFM tapping-mode technique. The frequency of vibration
is close to the resonance frequency (about 5 kHz depend-
ing on the length of the “L” shaped tip). The vibration
amplitude is chosen to be close to 50 nm, and it is optically
monitored.

A feedback system keeps the amplitude of vibration
constant while the sample is scanned by the tip, giving
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Fig. 1. SEM image of a chromium layer with random distribu-
tion of holes and a group of remaining spheres at right hand.
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Fig. 2. SEM image of a tungsten tip.
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Fig. 3. Experimental apertureless SNOM set-up.

a topographical image of the sample surface. The scan is
ensured by a piezoelectric translator.

The optical part is composed of a conventional mi-
croscope (Olympus BH). Various illumination modes are
possible we briefly describe the transmission mode used in
the experiment (Fig. 3).

A laser diode source beam (or a Ti/sapphire laser
beam) is directed towards a first microscope objective
(20X, f =10, NA = 0.4), which focuses the light on the
sample surface. The polarisation of the incident light is
controlled externally using a polariser. The light collection
ensured by a second microscope objective (for instance



50X, f = 6.9, NA = 0.6) placed just above the sample
and the tip, is axially symmetrical. The tip periodically
scatters the near-field at the sample surface and radiates
it in the far-field. This near-field contribution is recorded
via a photomultiplier and a lock-in amplifier. The optical
image resolution is relevant to the tip apex dimension [14].

3.2 Isotropic STOM configuration

The Isotropic Incoherent Scanning Tunneling Microscope
(I2STOM) is a new microscope based on a particular illu-
mination system. A quasi-polychromatic, incoherent and
depolarised source generated by stimulated Raman scat-
tering within an optical fibre is used [15]. The refraction
through an axicon prism ensures an isotropic lighting of
the sample in total internal reflection mode. The evanes-
cent field is detected by the use of a stand-alone micro-
scope head whose local probe is a nanometric tapered
optical fibre working in collection mode. The tip sample
distance is kept constant by means of an electronic shear-
force feedback loop. The tip glued onto a tuning fork scans
the sample and the near-field signal is amplified through
a photomultiplier and a lock-in system. Topography and
optical images simultaneously recorded are strongly cor-
related and optical artefacts are very low.

3.3 Comparison of both set-ups

Both set-ups appear quite different but they share some
common properties. In both cases the sample illumination
comes through the substrate and the beam shape is glob-
ally conical and axially symmetric. The near-field optical
signal is collected above the hole by a feedback controlled
probe. These experimental similarities will be useful for
choosing the theoretical formalism used to fit the experi-
mental results.

4 SNOM experimental results

Typical results obtained with the two described set-ups
are shown. In each case topography and SNOM signals
are recorded simultaneously for each sample.

4.1 Apertureless configuration

In the optical image (SNOM) of Figure 4 two lobes with
opposite contrast are observed on each hole and an ampli-
tude change occurs along the polarisation direction (y).
To clarify the polarisation behaviour of the SNOM sig-
nal we have introduced in the detection channel an anal-
yser oriented at right angle to the incident polarisation.
With the tip far from the surface the detected signal is
greatly reduced and we realise a detection almost in a
dark field configuration. In such a configuration only the
SNOM signal due to the diffusion by the tip is detected
with a decrease of the signal-to-noise ratio compared to
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Fig. 4. AFM (top) and SNOM (bottom) images of the holes,
at A = 780 nm, in the apertureless configuration. The direction
of polarisation is along the vertical direction (y direction).

the one obtained without analyser. The small aperture
of the objective used to focuss the incident beam on the
sample prevents the longitudinal component of the polar-
ization (along the tip axis) to become large and creating
strong field enhancement on the apex of the tip [16]. The
SNOM signals for two orthogonal polarisations are shown
in Figure 5. The two lobes are oriented along the direc-
tion of the polariser (incident polarisation) with z — z or
y — z mirror symmetry. They follow the polarisation af-
ter a 90-deg. angle rotation of both the polariser and the
analyser.

4.2 Isotropic SNOM results

The test sample is isotropically illuminated in total inter-
nal reflection mode with an incoherent unpolarised poly-
chromatic Raman source as explained above. Topography
and optical images simultaneously recorded in near-field
are shown in Figures 6 and 7.

Various hole distributions are observed. For example,
the doublet allows us to give an estimation of the optical
resolution using a separation criterion (Fig. 6 see arrow),
whereas isolated apertures will quantify the optical con-
finement (Fig. 7).

In Figure 7 [AB] and [CD] cuts show that the evanes-
cent field is confined inside the nano-hole and centred on
it. The skin thickness of chrome is about 10 nm at mid-
dle Raman spectrum wavelength (A = 590 nm). Thus a
widening of confinement is expected versus the inside hole
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Fig. 5. AFM (top) and SNOM (bottom) images of the holes,
at A = 780 nm, in the apertureless configuration. (a) Incident
polarisation vertical and output polarisation horizontal (left)
(b) both polarisations rotated by 90-deg. angle (right).

diameter. The estimated diameter at half-height of the to-
pography image is 230 nm (see [AB] cut in Fig. 7) and the
same cutting on the optical image with the confinement

effect gives an estimated diameter of 270 nm (see [CD] cut
in Fig. 7).

5 The formalism of Grober’s group

A theoretical formalism giving the optical near-field gen-
erated by an aperture is given in reference [17]. The aper-
ture is assumed to lie in the plane z = 0 and diffracts
an incident plane wave normal to the aperture from the
half-plane z < 0 see Figure 8. The electric field of the
incident plane wave, E = Zexpli(koz — wt)], is linearly
polarized with the electric field oriented along the x axis
and of unit amplitude while k2 = (w/c)?. The expression
of the diffracted fields in the plane of the aperture is based
on the analytical expressions proposed by Bethe [18] and
corrected by Bouwkamp [19] for the electromagnetic field
diffracted by a small aperture in a metallic plane. The
techniques of Fourier optics (i.e. modal analysis) are used
to describe the electromagnetic field detected by a near-
field optical probe.

Attempts to use Fourier optics to provide a quantita-
tive understanding of this problem were initiated by D.
Van Labeke et al. [20], who used plane-wave solutions to
the wave equation (in Cartesian coordinates) as the basis
for a modal analysis. Also the behaviour of the Poynting
vector near a small aperture was investigated numerically
by Y. Leviatan [21] and T. Nakano and S. Kawata [22].
The strength of the Grober et al. analysis [17] is that:
(a) the vector nature of the electromagnetic field is pre-
served, (b) an analytical expression for the Fourier trans-
form of the field is provided, (c) the electromagnetic field
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Fig. 6. Shear-force image (top) and optical image (bottom) of
a distribution of holes in a chromium layer from of a typical
area observed in near-field with an isotropic STOM, (scanned
area 4.02 x 4.02 pm?).

can be determined by evaluating one-dimensional inte-
grals, and (d) both the divergent behaviour of the near-
field and the dipolar nature of the far-field are recov-
ered. Their judicious use of cylindrical coordinate system
adapted to the geometry of the aperture enables to reduce
the modal expansion from a two-dimensional integral to a
one-dimensional integral.

If the complex time factor, exp(—iwt), is omitted since
it plays no role in the derivation the transverse magnetic
(TM) and transverse electric (TE) expansion coefficients,
frar(k) and frge(k), respectively, are defined as

E(p,0,2) = /OOO dk [fTM(k) Eru(k, p,0,2)

+ fro(k) Ers(k, p,0,2)], M
B(p,0, ) / dk [ (k) Bras (K, p, 6, 2)

+ fre(k)Bre(k,p.6,2)), @

where £ is the lateral spatial frequency, i.e. k.

By an inverse transformation of these equations,
Grober et al. [17] are able to determine fras(k) and
fre(k) from the fields in the plane of the aperture, E(z =
0) and B(z = 0). The azimuthal symmetry of Bouwkamp’s
solution enables a dramatic simplification of the modal
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expansion by requiring only the n = %1 terms. Let us de-
note by x the longitudinal spatial frequency i.e. k,. When
k > ko k — ir and the modes become evanescent. The

components of the electric field are given as follows:

o 9J1(kp)
FE,= 1K cos 0 1 ] exp(ikz) dk
p /0 [ a(kp Jrm p(ikz)

)
=T 0J1(kp) .o ] .
+ ik cosf exp(ikz) dk

+ / [ko cos Hjllikp) fTE] exp(ikz) dk
0 P

ko
Ey = / [i/{ sin 9%]‘%1\4] exp(ikz) dk
0 P

—I—/ [—insin@Jl(kp) f%M} exp(ikz) dk
ko

kp
> ., 0J1(kp) .
+A [ko sin 0 op) fre| exp(ikz) dk

ko
B :/ [k cos 0.1 (kp) frar] exp(irz) dk
0

+/ [k cos 0., (kp)f%M] exp(ikz) dk.
ko

(5)

Similarly the components of the magnetic field are

given, thus:

ko
B, = / {z‘ko sin 9J1]ikp) f}M] exp(ikz) dk
0 P

+ / {z‘ko sin @ J1]§kp) f%M] exp(ikz) dk
ko P

+ /000 {n sin@aajéliig)) fTE} exp(ikz) dk

T, 8J1 kp) 2 :| .
+ iko cos @ exp(ikz) dk
/ko |: 0 a(kp) TM ( )

+ / {n cos HM]”TE} exp(ikz) dk
0 kp

B, = / [iksin0J1(kp) fre] exp(ikz) dk
0

where Ji(kp) is a Bessel function of the first kind.

(8)

The relevant optical modes for the region z > 0 hav-
ing been determined, the remaining analysis of Grober
et al. [17] is to determine analytical forms for frys(k) and
fre(k) while maintaining a physically meaningful result.

The expressions obtained are given below

4koa® k
0d exp(—ikoa)

Sk < ko) = —

(53— )17

9)
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Fig. 8. Scheme of the coordinate system used in the calcula-
tion.

: 3
20 (k> ko) = 2HROT o ikoa)
k sin(ka)
[_1 TSR T ha ] (10)

4ia® )
fre(k) = — exp(~ikoa) j1(ka) (11)
where 71 (ka) is a spherical Bessel function.

Putting back these expressions in equations (1, 2),
Grober et al. [17] were able to calculate the diffracted
field at any point in the half-plane z > 0. The time aver-
aged electric field intensity follows Bouwkamp’s solution
in the near-field and it smoothly evolves far from the aper-
ture to the field intensity of a radiating magnetic dipole
oriented along the y axis. We have used the analytical
expressions above to calculate the near-field components
of the electromagnetic fields and the Poynting vector in
the transmission mode configuration. We first calculated
numerically the values of E,, Fyg and E, using the one
dimensional equations for any value of z > 0 and then
obtained the numerical values of the E,, F, and F, com-
ponents.

In Figure 9 we illustrate the results obtained for the
electric field components E,, E, and E, for z > 0 for an
incident wavelength A = 780 nm. The amplitude of the
fields in the xy plane at an altitude z = 6 nm are shown
in Figure 9 (top) and their corresponding phase is shown
in Figure 9 (bottom).

In Figure 10 we show the intensity of the Poynting
vector defined as

Poynt = P2+ P2+ P? (12)
where P,, Py and P, are the Cartesian coordinates of the
vector calculated at A = 590 nm.

6 Comparison between experiments
and calculations

6.1 Apertureless tip

The calculated amplitude and phase signals shown in Fig-
ure 9 for the wavelength A = 780 nm depend on the inci-

Incident polarisation

Fig. 9. Calculated electric field components at z = 6 nm:
amplitude (top), phase (bottom).
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Fig. 10. Calculated Poynting vector at z = 6 nm and A =
590 nm.

dent polarization which, in the figure, is in the horizontal
direction x. In the apertureless configuration the SNOM
signal can be seen as the result of the interference of two
fields, the incident field (say E,.r) and the field diffused by
the tip (say Eqg;r), which is modulated at the frequency w
of the tip. F,.y is mainly linearly polarised and the tip
converts the near-field into a radiating field whose polari-
sation admits a non-zero projection along the axis of po-
larisation of E,.;. The photomultiplier detects the square
of the modulus of the resultant field Eipt = Eres + Eqif
and generates a current, which can be formally written:

Itot ~ |Etot|2 = |Ed1f + Eref|2

= |Edif|2 + |E7"ef|2 + 2| Eaif||Erer| cos e
(13)

where ¢ is the relative phase of the two interfering fields.
This signal enters the lock-in detector whose reference is
the signal driving the modulation of the tip at the fre-
quency w. As |E,¢f|? is not modulated and |Eg;¢|? is mod-
ulated at twice the frequency (2w), the lock-in output
at the frequency w delivers the term 2|Eg;f||Erer|cos g,
which contains the information on the phase ¢ of the near-
field signal [23,24].

The experimental SNOM signal detected by the lock-
in at the frequency of the tip can be seen in a first ap-
proximation as the difference between the signals collected
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Fig. 11. Profiles of the amplitude of the electric field as a
function of z for A = 780 nm: (a) E. (top), (b) E, (middle)
rotated by 45 deg. with respect to the polarisation direction,
(c¢) E. (bottom).

very close to the plane and well above it. To simulate
the detected signal we have calculated the complex am-
plitudes E;, E, and E, for z = 6 nm (z ~ A/130) and
for z = 51 nm (2 ~ A/15). The results are very similar
to those of Figure 9 except that the fields are less local-
ized and their amplitude is reduced. The E, component
is almost flat all over the surface of the hole. The E, com-
ponent presents a quadrangular distribution in both the
amplitude and the phase, its amplitude maxima occur-
ring inside the hole. The F, component is dominant with
a clear phase variation. The behaviour of the amplitude
of the field’s components is illustrated in Figure 11 as a
function of the altitude z. The profiles are taken along the
incident polarisation direction for the E, and E, compo-
nents. Because the F, component is zero along this di-
rection the F, profile is shown along a line y = 2 which
corresponds to a rotation by a 45 deg. angle to the direc-
tion of polarisation. It is clear, whatever the component,
that the field is highly localised in the vicinity of the hole.

Obviously the E, component presents the two lobes
experimentally observed in Figure 5. Moreover, the cal-
culated opposite phase change is revealed by an opposite
contrast in the experimental SNOM images. This is in
agreement with recent experiments [25] done using an op-
tical phase control. The calculated and the observed sig-
nals present a mirror symmetry along the x—z plane and
the agreement between the calculations and the transmis-
sion experiments is satisfactory.

6.2 Isotropic SNOM

It has been shown [26] that a small aperture tip detects
both the electric and the magnetic fields. Whether it de-
tects the Poynting vector or the sum of the squares of the
E, and E, components is not clear. Within the limitations

nm 00
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Fig. 12. Calculated E2 + Ei at z =6 nm and A = 590 nm.

of our crude model we have calculated both quantities in
order to compare them with the experimental results.

The Poynting vector shown in Figure 10 is calculated
at A = 590 nm which is the central wavelength of the
Raman spectra. The E%—I—Eg = Eﬁy quantity is depicted at
the same wavelength in Figure 12. In both figures the po-
larization of the incident electric field is directed along =x.

In the experiment done with the isotropic source the
incident polarization of the electric field is also isotropic.
The averaged resultant Poynting vector and Egy can be
approximated by a weighted linear combination of the
vectors or of the intensity calculated for two orthogonal
polarizations. Because the source is also polychromatic,
comparison with experiment requires a calculation at dif-
ferent wavelengths and the weighting by the incident in-
tensity of the source components. The Raman source used
in the experiment is composed of many emission lines,
which span the range 532 nm to 680 nm and have quite
different integrated intensities. We have made the same
calculation of the Poynting vector and Egy as the ones
shown in Figures 10 and 12 using three different wave-
lengths and keeping constant the z = 6 nm value. The
weighted calculated profiles along the diameter of the hole
are shown in Figure 13. Comparison with the experimen-
tal profile (see Fig. 7) leads to a better agreement with
the calculated Poynting vector.

6.3 Remark

Several experimental factors can affect the measurements
and lead to different results. Also we note that the crude
theoretical formalism of Grober et al. uses an incident
plane wave normal to the sample. At off-normal angles
of incidence, which is the case of the two experimental
results presented here the theory appears to become nu-
merically intractable for the moment. Better adjustment
could probably be gained using the conical geometry im-
posed by the focusing microscope objective and recently
explored by Drezet et al. [27].
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Fig. 13. Profile of the weighted calculated Poynting vector
(continuous line) and E2, (dashed line).

7 Discussion

In most of the experiments done on the test object [3],
the SNOM signal observed (in transmission mode) when
scanning an isolated hole shows two lobes aligned with the
direction of polarisation of the incident beam. Only in the
case of the isotropic illumination is the SNOM signal ho-
mogeneous. In the two experiments done in transmission
mode and described above, the SNOM signal resembles
either the E, component of the near field calculated at a
few nanometers above the plane z = 0 in the apertureless
configuration (see Fig. 9) or the intensity of the weighted
Poynting vector which is similar to the Egy intensity of the
electric field (see Fig. 13) in the 12STOM configuration.

Although the results shown in Figures 9 and 11 give the
local field calculated without taking into account the inter-
action with the tip, the agreement with the experimentally
detected signal is quite satisfactory. This is not surprising
given the theoretical analysis of [28], which shows in par-
ticular why the SNOM transmission signals from Figure 5
follow the expected polarisation behaviour.

The existence of extremely strong field gradients at the
tip apex have been demonstrated in several tip geome-
tries [29-31]. Consideration of higher Hermite-Gaussian
modes for the illumination of the tip leads also to strong
field enhancements at the tip apex [9]. Whatever the shape
of the probe, the calculations have been performed numer-
ically. The total electric field generated by a plane electro-
magnetic wave incident on a perfectly conducting conical
probe situated above a dielectric surface has been inves-
tigated [8]. The results, which are analytical, partly agree
with those found in [9,30]. The field at a short distance
from the tip apex (kr < 1) can be written [8,32]:

— Rk si w 0
E = k(kr)" “sing {ur + ” 89} a(fo,0,a) (14)

where a is a function of the angle of incidence 6y, the angle
of observation 6, and the semi-angle of aperture a of the

cone tip. u, and uy are the unit vectors in spherical coordi-
nates. v is positive and smaller than 1, and depends on «.

=
incident polarization

Fig. 14. Calculated SNOM image of a single hole assuming
that the tip detects the E, component of the local field. (The
vertical scale is the same as the one in Fig. 9). Incident polar-
ization horizontal.

The other parameters are the wave vector k = w/c and
the angle of polarisation 3 of the incident wave. While this
expression of the field is asymptotic, it is not an electro-
static approximation and therefore it includes retardation
effects. It is worth noticing that the field given by equa-
tion (14) is highly enhanced near the tip apex and that its
spatial distribution does not depend on the illumination
conditions.

In the theoretical approach of reference [28] the deriva-
tion of the signal detected in apertureless SNOM is based
on the reciprocity theorem of electromagnetism. The de-
tected field is an overlapping integral between the experi-
mental field and a term proportional to the response func-
tion of the instrument [33], which is proportional to the
derivative of the reciprocal field. To determine an approx-
imate and practical description of this reciprocal field the
authors use the expression of E given in equation (14).
With this model their approach provides a versatile and
useful tool to analyze the experimental results.

The calculations outlined above show that in aper-
tureless SNOM configuration the tip enhances mostly the
E, component along the axis of the cone tip. With this last
assumption it is possible to compute the signal |E.|cos¢
corresponding to the interference term between the field
diffused by the tip, which is sensitive to the field compo-
nents oriented along z, and a reference wave whose modu-
lus is 1 and its phase is zero relative to F,. This reference
wave could be the one partially transmitted by the hole.
We have computed the expected SNOM signal within the
model developed above and the result is shown in Fig-
ure 14.

It is clear that the calculated and experimental results
are in good agreement. It would be interesting to com-
pare these results either theoretically or experimentally
with the images which could be obtained with the use
of heterodyne detection [25,34] or with a SNOM coupled
with a Mach-Zehnder interferometer [35].

8 Conclusion
The study of these test objects was undertaken to com-

pare the potentialities of the different devices currently
in use in the French community of Near Field Optics. We



have demonstrated with two transmission configurations
that the topography and SNOM signals can be detected
simultaneously. The vertical resolution in AFM is of
the order of 1 nm and is limited transversely by the
shape of the conical tip. Modelling SNOM observations
with the Grober’s formalism [17] has lead to a better
understanding of the detected signals. The SNOM signals
obtained with two different configurations are strikingly
different but they can be described with the same model.
In the 12STOM configuration the quality of the image is
excellent. The recorded signals agree with the calculated
intensities whereas in apertureless configuration two
lobes are observed with a polarisation behaviour of the
observed SNOM signal in agreement with the amplitude
of the electric field.

The authors would like to thank L. Aigouy for his help in the
experimental work and for providing the image of the metallic
tip. They are indebted to Y. de Wilde and C. Boccara for
fruitful discussions.
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