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We propose and validate a concept of multichannel near-field fiber probe for the collection and discri-
mination of optical fields of orthogonal polarizations (linear, elliptic, and circular). The system is achieved 
by connecting to scanning near-field optical microscope fiber tips an optical stage made up of commercial 
polarizers, fiber couplers, and polarization controllers. Using radially polarized Bessel beams as test ob-
jects, we demonstrate the ability of a three-channel fiber tip to simultaneously and independently probe 
the transverse vector components of the electric field (parallel to the sample surface) and the overall 
transverse intensity. The polarization ratio of the near-field collection system exceeds 1:1500. The system 
can be implemented in collection-mode or reflection-mode near-field microscope configurations, with 
various kinds of probe and light source (of high or low coherence lengths) for a deeper insight of light 
polarization effects and vector fields at a subwavelength scale. 

1. Introduction

Although scanning near-field optical microscopy
(SNOM) relies on the complex interaction between
local probes and spatially varying 3D vector fields,
it historically started by providing scalar intensity
information to finer sample details [1–4]. The devel-
opment of polarization contrast SNOM [5] rapidly
showed that knowledge of local polarization is essen-
tial for image interpretation. Later, the concept of
emission and detection of cross-polarized optical
signals allowed reflection-mode SNOM (r SNOM)
to improve its signal-to-noise ratio as well as its re-
solution, even with dielectric uncoated tips [6,7].
Polarization control and analysis in SNOM finds
fruitful applications in magneto-optics and data sto-
rage [8], polarimetry [9,10], and vector field probing
[11,12]. In all these experiments, a single polariza-
tion direction is analyzed per acquisition. Therefore,
a detailed description of 2D or 3D polarization effects

requires a multi-acquisition process that is risky
both for the tip and the sample. Recently, the simul-
taneous detection of orthogonal transverse electric
field components or out-of-plane magnetic field and
one transverse electrical field component has been
shown above a ridge waveguide [11]. However, the
overall detection system, based on a heterodyne in-
terferometer, is difficult to stabilize and works with
light sources of high coherence lengths, which limits
the panel of applications of the microscope. We show
a simple and stable system for the simultaneous
detection of orthogonal light field components. De-
pending on the probe used, various electric and/or
magnetic field components can be selectively and si-
multaneously probed. The multichannel system can
be used with light sources of low coherence lengths
and can be extended to simultaneous polarization
control and analysis at various wavelengths. Vector-
ial SNOM probing of subwavelength nonlinear opti-
cal phenomena becomes possible. Our system can
also be implemented in a reflection-mode SNOM
for deeper insight of polarization effects at a sub-
wavelength scale.
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2. Principle

SNOM fiber tips used in a collection mode are known
to develop anisotropic sensitivities with respect to
the vector optical fields. Generally, they cannot faith-
fully collect all the information from the various vec-
torial components of light fields diffracted by the
sample. Some electric or magnetic components can
even be filtered out by the tip itself and/or by the
tip-to-fiber energy coupling process. For example,
single-mode dielectric fiber tips are sensitive mainly
to the electric field but are unable to collect the field
component along the tip axis whereas multimode fi-
ber tips attenuate the signal from this longitudinal
field component by 90% [13,14]. It has been seen that
single-mode aperture probes develop a sensitivity to
the transverse electric field [15] with no sensitivity to
the longitudinal field, whereas a recent theoretical
study has shown that circular nano-apertures also
develop a high sensitivity to the transverse magnetic
field [16]. Finally, cut aperture tips can couple the
longitudinal magnetic field and one transverse elec-
tric field into cross-polarized degenerated fundamen-
tal fiber modes [11]. Recent and future advances in
probe design and fabrication techniques will prob-
ably allow the detection of specific optical field com-
ponents on demand.

Here we propose to discriminate the collected sig-
nals from orthogonal optical field components by con-
necting to the fiber probe a network of optical fibers
achieved by cascading single-mode polarization-
insensitive fiber couplers. The overall signal that
leaves the tip can thus be split into as many channels
as field components and/or polarizations (linear, el-
liptic, or circular) that need to be discriminated.
One or more channels can be added to have access
to the overall signal from all the field components.
Note that a network ofN couplers leads toN þ 1 out-
put channels. During image acquisition, the discrimi-
nation of the collected signals from the orthogonal
field components is performed by positioning linear
polarizers between the end facet of the channel out-
puts and the photodetectors. The use of conventional
polarizers coupled to fiber probes is typical in emis-
sion- and reflection-mode SNOM for polarization
contrast and polarization modulation experiments
[5–7,9]. In our case, the intrinsic birefringences of
the various fiber channels are finely controlled with
fiber polarization controllers (Babinet–Soleil or
three-paddle) to accurately define the polarization
sensitivity of each channel during calibration and
to maintain this sensitivity during measurements.
Therefore, one can imagine a multichannel polariz-
ing SNOM system that is sensitive to both orthogo-
nal field components and combinations of these
components that lead to circular or elliptic polariza-
tion local detections. Note that the loss of signal-
to-noise ratio that is due to repeated splitting in
the fiber network is the main limiting factor in image
acquisition with our system, as the signal collected
by a SNOM tip is usually weak; for example, it will
limit the number of output channels.

3. First Realization

To validate this concept, we developed a three-output
fiber network aimed at discriminating the signals
collected by an uncoated single-mode fiber tip from
the two transverse electric light field components
(called Ex and Ey in the following); see Fig. 1. The
system is engineered to work at λ ¼ 633nm. The
overall signal collected by the tip is split into two
channels by means of a 50=50 monomode fiber cou-
pler. One of the two output channels is connected
to a detector (D3) for direct measurement of the over-
all transverse intensity. The other channel is then
connected to a second 50=50 monomode fiber coupler
for separate detection of the signals from Ex and Ey

components. The simultaneous detections of Ex and
Ey are achieved by inserting high quality polarizers
(P1 and P2), of 1∶10

4 polarization ratio, between the
end facets of the fiber system and detectors D1 and
D2. The tip is fabricated by heating and pulling a
monomode fiber with a P-2000 puller from Sutter In-
strument, Novato, California. Special care is taken
during the fabrication procedure to ensure the de-
sired polarization performances for the collection
system. Two three-paddle type fiber polarization con-
trollers (Fiber Control, Holmdel, New Jersey) are
added to the end parts of the two polarizing channels
to selectively couple to D1 and D2 the signals ex-
tracted by the tip from the two transverse electric
field components.

The inset in Fig. 1 displays the polarization dia-
gram of the SNOM setup. It is achieved by projecting
a linearly polarized collimated beam (from a He–Ne
laser) directly onto the tip. Then the power collected
by the tip is measured through the two polarizing
channels by detectors D1 and D2, while the input
polarization is rotated by means of a half-wave retar-
dation plate. Experimental values (squares and tri-
angles) fit the ideal polarization diagrams of two
orthogonal polarizers described by cosine functions
(solid and dashed curves). The polarization ratios
of cross-polarized channels 1 and 2 are measured

Fig. 1. (Color online) Scheme of a three-channel fiber tip. Two

channels, connected to detectorsD1 andD2, give intensity informa-

tion about transverse field components Ex and Ey, respectively.

The last channel measures the overall transverse intensity. Inset:

collection diagram of polarizing channels 1 and 2 (associated with

D1 and D2). Solid and dashed lines: ideal diagrams of channels 1

and 2, respectively; squares and triangles: experimental measure-

ments for channels 1 and 2, respectively. The polarization ratio of

the system is approximately 1:1500.
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to values larger than 1∶1500 (extinction ratios larger
than 32dB).

Because real 50=50 fiber couplers are usually
slightly unbalanced, accurate image acquisitions re-
quire a preliminary calibration procedure of the col-
lection system. It can be carried out by setting the
polarization of the impinging collimated beam de-
scribed above at 45° with respect to the orthogonal
axis of the detection system. Then the projection of
the input field onto the detection axis is directly mea-
sured with photodetectors D1 and D2. Ideally equal
to 1, the ratio between the detected powers serves
as the correction factor between the two polarizing
channels for the following near-field acquisitions.

4. Vectorial Imaging of Radially Polarized Bessel

Beams

Given the axial symmetry of its electric field, radial
polarization is highly appropriate for focused-beam
probing of the optical response of polarization-
sensitive nanodevices such as single fluorophores
[17] or nanoantennas [18]. The combination of these
polarization states with propagative and evanescent
Bessel beams offers the possibility for test-field distri-
butions of high aspect ratio that can be described by a
simple analytical expression (Bessel functions J0 and
J1). The high aspect ratio relaxes the demands on
probe positioning, whereas the simple field expres-
sions allow obvious and straightforward comparison
of the experimental and theoretical results. Since an
arbitrary sample near zone can contain both propaga-
tive and evanescent waves, we choose to validate our
microscope system through the imaging of radially
polarized propagative and evanescent Bessel beams.

A. Propagative Bessel Beam

The Bessel field distribution is generated by project-
ing a collimated radially polarized beam [19] directly
onto a conical lens or axicon [20] of a numerical aper-
ture (NA) equal to 0.68. The tip is immersed in the
Bessel beam zone and is scanned to accumulate
the light field distribution in the beam’s transverse
plane (XY plane) perpendicular to its propagation
direction (Z). The collected signal is subsequently
analyzed in the multichannel polarizing system.

The vectorial structure of the transverse electric-
field distribution as measured experimentally is
shown in Figs. 2(a)–2(c) and is predicted theoretically
in Figs. 2(d)–2(f) [21] (image size: 4 μm). Figures 2(a)
and 2(d) display the overall transverse intensity dis-
tribution jExj

2 þ jEyj
2 (given experimentally by chan-

nel 3; see Fig. 1); Figs. 2(b) and 2(e) report the
intensities of the orthogonal transverse electric field
component jExj

2 (channel 1) and Figs. 2(c) and 2(f)
report the results for jEyj

2 (channel 2). The Bessel
beam central fringe is transformed into orthogonal
two-grain structures when imaged with polarizing
channels 1 and 2. These typical images are due to
the axis symmetrical polarization state in the beam
transverse plane. The good agreement between
experimental images and theoretical predictions

validates our multichannel SNOM system with
regard to high resolution vectorial probing of low
spatial frequency field distributions.

B. Evanescent Bessel Beam

To demonstrate the simultaneous detection of eva-
nescent field components, we used the experimental
setup depicted in Fig. 3. The evanescent Bessel beam
is achieved with a 1.2 NA conical device composed of
a solid immersion conical lens and a microaxicon en-
gineered directly at the end of the fiber radial polar-
izer introduced previously (see Ref. [22]). The tip is
scanned over the flat output interface of this refrac-
tive system. During the raster scan, the tip-to-
surface nanometer distance is maintained with a
conventional shear-force distance control setup. To
ensure a satisfying signal-to-noise ratio, a conven-
tional synchrone detection system is added to each
of the three output channels of the microscope by
modulating the input laser beam and inserting
lock-in amplifiers (L1–L3 in Fig. 3) between the three
detectors and the computer.

Thevectorial structureof theradiallypolarizedeva-
nescent Bessel beam as measured experimentally is
shown in Figs. 4(a)–4(c) and is simulated numerically
as shown in Figs. 4(d)–4(f). Note that Figs. 4(a)–4(c)

Fig. 2. (a)–(c) Bessel beam acquisitions through channels 3, 1,

and 2, respectively. Simulation of the Bessel beam vectorial struc-

ture in the transverse plane: (d) intensity of the overall transverse

electric field; (e), (f) intensity of the orthogonal transverse compo-

nents Ex and Ey, respectively. Image size: 4 μm× 4 μm.

Fig. 3. Scheme of the experimental setup for the generation and

vectorial characterization of a radially polarized evanescent Bessel

beam.
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are given by channels 3, 1, and 2, respectively.
The overall transverse electric field intensity jExj

2

þjEyj
2 is reported in Figs. 4(a) and 4(d); Figs. 4(b), 4

(e), 4(c), and 4(f) show the intensity distributions of
the orthogonal transverse electric field components
(jExj

2 and jEyj
2, respectively). The images are 2:7 μm.

Despite some discrepancies between the measured
and the ideal beams that reflect the difficulty of
synthesizing a perfectly ideal radially polarized eva-
nescent Bessel beam, we see that these results vali-
date our SNOM concept in the probing of pure
evanescent fields. The typical highly asymmetric
distributions of the transverse Ex and Ey field com-
ponents simulated in Figs. 4(e) and 4(f) are clearly
observed in the experimental images shown in
Figs. 4(b) and 4(c). The nonuniformities in the experi-
mental beam are assumed to be due to an asymmetry
of the conical beam diffracted by the microaxicon and
to slight misalignments between the interfaces of the
overall conical refractive system. The usefulness of
our multichannel polarization-sensitive SNOM in-
troduced here, for either further improvements in
the generation of this particular Bessel beam or in
any other nano-optical system, is highly evident.
We see from Fig. 4 that a fiber network of three out-
put channels coupled with a dielectric uncoated tip
provides an acceptable signal-to-noise ratio for
SNOM applications.

5. Conclusion

We have introduced a concept of multichannel near-
field fiber probe for the simultaneous imaging of opti-
cal field distributions with orthogonal polarizations
(linear or elliptic). A first configuration of a three-
channelprobehasbeenproposed for thesimultaneous
and selective collection of two orthogonal components
of the transverse electric field (parallel to the sample
surface) as well as the overall transverse field (a com-
bination of the two components). The systemhas been
validated with the probing of both radially polarized

propagative and evanescentBessel beams.Recent ad-
vances in theprobedesign canprovide theperspective
for simultaneous and selective probing of both electric
and magnetic field components. Our concept can be
implemented in numerous collection-mode or reflec-
tion-mode near-field microscope configurations for a
deeper insight of light polarization effects and vector
fields at a subwavelength scale.

This research is funded by the Agence Nationale de
la Recherche under contract ANR07-NANO-036, sup-
ported by the Pôle de compétitivité Microtechnique.
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