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Polarization contrast is presented in fluorescence images of a Langmuir – Blodgett monolayer obtained with a
scanning near-field optical microscope operated in reflection. A tapered optical fiber is used both to excite
and to collect the fluorescence. The lateral resolution in the reflection fluorescence image is estimated at
200 nm. Shear-force detection controls the tip-to-surface distance and simultaneously gives a topographic
map. Direct correlation between topography and the fluorescent domain is thus obtained. We show that
the fluorescence is polarized along the molecular orientation in the Langmuir – Blodgett monolayer. Thus we
demonstrate the study of the polarization direction in the reflection mode.

1.

INTRODUCTION

The basic idea of near-field optical microscopy was suggested near the beginning of the century1 and demonstrated in 19722 with radio-wave frequency, yet scanning
near-field optical microscopy (SNOM) was developed only
recently.3,4 The principle of SNOM is the following: a
small probe scans the surface of a sample and detects the
diffracted light. Thus the lateral resolution depends not
on the wavelength but rather on the size of the probe and
the distance between the probe and the surface.1,5 – 8
Since the beginning of this new optical microscopy several schemes have been developed with different probes
and illumination methods.9 We can distinguish the reflection and the transmission modes that are suited for
opaque, thick, metallic, and for transparent, biological,
dielectric samples. Their mutual goal is the extraction
of optical properties of the sample with a resolution better
than the classical diffraction limit. With the help of a
tip to sample separation regulation based on shear-force
detection it is possible for the probe to follow the sample
contours and simultaneously produce a topographic
image.10,11
The fluorescence phenomenon is of a great interest in
biology and chemistry. In 1986 a SNOM transmission
with a lateral resolution of ,50 nm was demonstrated.12
Since then considerable progress has been achieved.
Single molecular detection and characterization have
been reached.13 – 15 Biological samples such as labeled
chromosomes16 and lipid films17,18 have been investigated. Although the results open new fields in optical
microscopy, this setup is suited for transparent samples
only. A reflection configuration was proposed19 – 23 in
which a tapered optical fiber is used as both an emitter
and a collector. In 1992 results obtained with a reflection setup using a SiN probe in combination with a scanning force microscope were presented.24,25 We present
fluorescence images obtained with an equivalent system
for control of the tip-to-sample distance.26 The main
advantage of this system compared with conventional
far field microscopes or other geometries in a reflection
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setup27,28 is the reduction of the photobleaching. We investigated the fluorescence polarization characteristics
of Langmuir – Blodgett films as also reported in classical microscopy29,30 and in SNOM transmission.17,18 Our
results are promising: We demonstrate that optical contrast methods of conventional microscopy can be applied
in the SNOM reflection setup that will be helpful in solidstate physics and studies of nontransparent surfaces.

2.

SAMPLE

Ultrathin lipid films have several industrial applications28 but also are ideal test structures for near-field
microscopy. We investigated a diethylene glycol diamine
pentacosadiynoic amide DPDA monolayer polymerized by
UV radiation. Its preparation by Langmuir–Blodgett
techniques is the same as described previously.17 The
transfer speed is 50 mmys vertically, with a transfer ratio close to 1. Thus a polymerized DPDA monolayer
with a thickness of 6 nm is obtained on the surface of
a glass slide. The layer is composed of domains, and
its crystallinity gives rise to a high anisotropy, in which
each domain has a high optical density and an intense
anisotropic fluorescence.28 The domain geometry is not
regular, and the domain size can reach several square micrometers. In each domain the absorption and emission
moments are oriented uniformly. The absorption band
is in the green and the emission in the red.17,18

3.

DESCRIPTION OF THE INSTRUMENT

The experimental setup is shown in Fig. 1. An Ar+ laser
(l  514 nm) is focused into a multimode fiber. A polarizer controls the incoming beam polarization. A dichroic
mirror (l  560 nm) and a high-pass filter (l . 590 nm)
are used to separate the excitation beam and the fluorescence beam coming from the sample. An additional analyzer controls the output polarization. To use the fiber
as a probe, we reduce the fiber diameter by pulling with
a commercial instrument (Sutter P2000). The extremity
size can reach less than 100 nm. The fiber is used both
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sonal computer is used to generate the scan pattern and
to acquire the fluorescence and shear-force signals. The
data-acquisition frequency is 300 Hz.

4.

RESULTS AND DISCUSSION

Figure 2(a) shows the shear-force and Fig. 2(b) the fluorescence images of the DPDA film. The scan area

(a)

Fig. 1. Reflection setup for fluorescence and shear force
detection. The high-pass filter (HPF) blocks lexc  514 nm.
Only the fluorescence signal lfluo . 590 nm is recorded. QD,
quadrant detector; PMT, photomultiplier tube; PC, personal
computer; DM, dichroic mirror; A, analyzer; P, polarizer; PIEZO,
piezoceramic.

as an emitter for the exciting wavelength and as a collector for the fluorescence.24 The detected intensity not
only is a function of the probe brightness but depends on
the coupling between the probe and the backward fluorescence. We chose to use a nonmetallized tip for this
configuration to minimize the losses. However, better
resolution was obtained with an aluminum-coated tip for
transmission. Our choice is a compromise between detected level and expected resolution.
We implemented external shear-force detection to
control the tip-to-sample distance.10,11 One end of the
fiber is attached to a piezoceramic, which vibrates at
the first resonance frequency of the mechanical system
(typically 5 kHz). The dither amplitude is 30 nm. A
laser diode is focused near the extremity. A quadrant
detector measures the vibration amplitude.17 When the
tip approaches the surface, the vibration is damped to
zero amplitude within 10 nm before the contact point.
This behavior can be explained by the force gradient
that acts in the vicinity of the surface. Thus the amplitude of the dither vibration changes. The amplitude
is monitored and the shear-force signal is kept constant
by feedback on the piezotube supporting the sample system. The probe follows the contours of the surface, and
a topographic map is produced.
A piezotube permits sample displacement in the x and
y directions with a maximum scale of 20 mm2 . A per-

(b)
Fig. 2. 10.4 mm 3 10.4 mm (52-nm pixel size) images of DPDA.
(a) On the shear-force image the contrast is inverted with respect
to the topography, as explained in the text. (b) Corresponding
near-field fluorescence image where different film domains appear bright.

Fig. 3. Fluorescence line intensity of the optical image of
Fig. 2(b). The pixel size is 52 nm. We can distinguish the
fluorescence domains.
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Fig. 4. (a) Shear-force and (b), (c) fluorescence images of the DPDA film. The image size is 10.4 mm 3 10.4 mm, and the pixel size
is 52 nm. The two fluorescence images are obtained with different input polarizations, perpendicular to each other. The relative
intensity of several domains changes with the input polarization. This behavior is due to the high anisotropy of the DPDA film.

is 10.4 mm 3 10.4 mm, with a pixel size of 51 nm.
Figure 2(b) displays the total fluorescence without an
analyzer. By comparing both images one can see that
the shear-force contrast is inverted with respect to the
topography. The darker areas in Fig. 2(a) show as a
strong fluorescence signal in Fig. 2(b), which means that
those areas are film domains. In this case not only does
the shear-force image contribute to the topographic map
but, depending on the nature of the surface, chemically
specific forces play a role too. An aluminum layer of
thickness comparable with that of the film (12 nm) has
been used with the same system, and no inverted contrast in the shear-force image was seen. Thus this effect
cannot be explained as an artifact of the feedback system resulting from the small height of the film. The
shear-force image in the feedback displays the piezo
voltage needed to keep the effective shear-force signal
constant. Apparently the shear-force damping mechanism is weaker on polymer than on glass. As a result
the tip has to be closer to the polymer surface than to
the glass surface to maintain an equivalent shear-force
signal despite the 6-nm topographic height of the polymer. It gives rise to an inverted contrast when the tip
is scanning Langmuir – Blodgett films. Dust appears on
the film with positive contrast. This behavior agrees
with our explanation. The same film studied by SNOM
for transmission with a metallized tip17,18 did not display
this inverted contrast. Apparently forces measured by
the shear-force technique are dependent on both sample
and tip composition.
The multimode fiber does not preserve the linear polarization, and it gives rise to excitation of all domains.
Yet two domains appear to be more fluorescent. We
measured the fluorescence signal at 1.3 pW. The degree
of polarization for the exciting beam after transmission
through the tip, P  sImax 2 Imin dysImax 1 Imin d, was measured at P  0.5 with Imax  1 mW, enough to show
the different domain emissions. For successive images
the analyzer is kept in a position where the contrast is
maximum.
To estimate the resolution of the fluorescence image,
we have plotted an intensity profile in Fig. 3. We define
the resolution as the width between maximum 2 20%
and minimum 1 20%. An average resolution value

of ,200 nm is estimated.26 Figure 4 shows scans of
another part of the same sample. The scan area is
10.4 mm 3 10.4 mm for 200 3 200 pixels. The shearforce image [Fig. 4(a)] shows that it is composed of different topographic domains. The fluorescence images in
Figs. 4(b) and 4(c) were obtained for two different input
polarizations whose directions were perpendicular. The
fluorescence signal depends on the input polarization and
on both absorption and emission moments. This is inherent in the high-fluorescence anisotropy of the domains.
The absorption and emission moments are oriented parallel to the polymer backbone, and each distinct domain
has a uniform distribution that is parallel to the plane.
The fluorescence level is maximum when the polarization input is parallel to the absorption moment of the
domain that depends on its specific property. Domains
with perpendicular orientation appear with inverted levels between Figs. 4(b) and 4(c).
In Fig. 5 we have plotted the shear force [Fig. 5(a)]
and fluorescence [Figs. 5(b) and 5(c)] lines for the position
shown by the line in Fig. 4(a). The fluorescence signal
clearly depends on the incident polarization. However,
the illumination polarization is not totally linear. Thus
the part of the light that is not linearly polarized exits all
domains and gives a background level.

Fig. 5. (a) Shear-force profile and (b), (c) fluorescence intensities with mutually perpendicular polarization corresponding to
Figs. 4(a), 4(b), and 4(c), respectively. The line in (a) corresponds to the position of the line in Fig. 4(a). The polarization
contrast is clearly demonstrated.
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CONCLUSION

We have presented what are to our knowledge the first
fluorescence measurements with polarization contrast obtained with a reflection-scanning near-field microscope.
A tapered nonmetallic optical fiber is used both as an
emitter for the exciting wavelength and as a detector
of the reflected signal. We demonstrated that we can
distinguish fluorescent and nonfluorescent areas with a
resolution of ,200 nm. Using the anisotropic properties
of Langmuir – Blodgett films, we demonstrated polarization contrast. It is thus possible to characterize domains
with perpendicular absorption moments. We showed a
specific behavior of the shear-force regulation that is
used to control the tip-to-sample separation. This signal seems to be dependent on the topography and also on
the chemical nature of the surface. However, it should
be studied in more detail to give a rigorous explanation.
These optical results are promising because they are superior to those from other systems. This reflection mode
is versatile and can be used on either an opaque, thick
sample or on a dielectric, transparent sample. The wavelength excitation coming from the tip illuminates a small
part of the sample and, compared with that from reflection
setup that uses external illumination, it reduces the photobleaching process in fluorescence measurements. In
the future we intend to study the use of a metallic tip,
which could improve the lateral resolution.
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