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Optical constants of tin dioxide nano-size layers were detected using surface plasmons resonance research
technique. Squared reflectance indexes difference as well as the ones with s- and p-polarized light are measured
simultaneously. Obtained in the work the refraction coefficient of the tin dioxide film gives the possibility to judge
about the structural perfection of the layer and confirms that the film has significant porosity, which is created during
the decomposition of the polymer materials used as structuring additives. It is shown that the resonance condition
for surface plasmons may be destroyed through the interaction of surface plasmons with surface roughness potential

of the film (medium dielectric properties variation).

1. Introduction

There is a constant tendency to use thin films as
gas sensors due to the improved surface of nano-size
materials [1,2]. One of such materials is tin dioxide which
has perfect sensitivity to various gases and has superior
chemical stability [3-5]. Tin dioxide films with nano-size
grains can also be used as detectors for environmental
monitoring [1,6,7]. Improvements in tin dioxide based
nanowires and nanobelts are new structures and sensors
for different chemicals [8-10].

A surface plasmon (SP) is an electromagnetic wave,
excited by external radiation. This wave propagates at
metal-dielectric interface and its electric field exponentially
attenuates on opposite sides of the interface in both
mediums along the normal to the surface. The waves’
specific property is that their energy and attenuation are
localized within an interface which makes them strongly
dependent on the external medium dielectric parameters
and structural perfection (composition uniformity, surface
shape et. al.) of a metal. SP spectroscopic investigations of
separate particles serve for refraction index detection of the
medium (matrix) surrounding a particle. Such composition
may be used as an optical nanosensor. Changes of such
medium dielectric properties cause resonance frequency
variations in the wide spectral range.

Surface plasmon resonance (SPR) occurs when electro-
magnetic waves are reflected off thin metal films. SPR is
one of the most sensitive techniques actively developed to
sense the changes in the dielectric function of a material.
A fraction of electromagnetic energy incident at a well
defined angle can interact with surface plasmons thus
reducing the reflected light intensity. Since such plasmons
are on the boundary of the metal-air/metal-liquid interfaces
these oscillations are sensitive to any changes taking place
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on the metal surface, such as molecular adsorption and
surface irregularities. Consequently, SPR is the basis of
many tools for measuring adsorption onto metal surfaces
and different lab-on-a-chip sensors.

For nanoparticles, localized surface plasmon oscillations
exhibit strong absorption bands in the ultraviolet-visible
regime whose exact energy depend on the relative position
of the polarization of the light and the axis of symmetry of
the nanowire [11]. Changes in the local index of refraction
upon absorption to the nanoparticles shift the resonance.
Such shift has found application in biochemistry [12] and in
nanomaterials [13,14]. Use of polarized light for detecting
SPR phenomenon in nanostructured oxides is now proved
and is becoming an effective technique [15].

Polarization modulation of light is a known technique and
incorporated to SPR in order to investigate pleochroism
in photoconductivity [16], photovoltaic effects [17,18] and
metal films [19]. Being a differential technique it gives
reliable results even when the constituent signals lie below
the noise level.

The present work is one of the first where polarization
modulated spectroscopy of SPR is employed for the first
time to a nanostructured tin dioxide film, which is known
to be an n-type semiconductor containing enough charge
carriers for formation of surface plasmons [20]. Results
are used to discuss the film structure and the influence of
surface morphology on resonance plasmon peaks.

2. Experiments

Experimental system used to measure the reflectivity is
depicted in Fig. 1, whose details are given elsewhere [19].
Those will not be repeated here but summarized briefly.
A nanostructured tin dioxide film is formed on a glass half
cylinder in Kretschmann configuration as described in [16].
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Fig. 1. Experimental setup. LGN — helium—neon laser,

PEM — photoelastic polarization modulator, PF — phase plate;
p. s — linear polatizators, azimuths are parallel and perpendicular
to the plane of incidence; G — Glann prism, FD — photo
detector, O, — critical angle for the total internal reflection; No, N;
and N, — refraction indices of glass, films and air, respectively.

In this technique, sample is successively illuminated by con-
stant intensity S- and p-polarized light. Differential signal,
which is the difference between the squared reflectance
of s- (RZ) and p-polarization (R}), AR = Ri—Rj, is then
recorded. Using the system shown in Fig. 1 R, R} and AR
are measured simultaneously. A 1/3m monochromator
associated with a halogen lamp is used as an unpolarized
light source, which is replaced by a helium-neon laser
whenever a linear polarized light at a fixed wavelength is
required. Surface morphology of the film is investigated
using an atomic force microscope (AFM) Nano Scope 111a
in its tapping mode.

3. Results and discussion

Angular variations of RZ, Rf) and AR of the tin dioxide
film are shown in Fig. 2, a. Reflectivity of S- and p-polarized
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light increases to a maximum at the critical angle (0) of
total internal reflection around 44° and stays more or less
constant for the angles higher than the angle of critical
reflection. Above 65° they decrease sharply. However,
AR reveals a steady increase until the angle of incidence
reaches the vicinity of the critical angle of total internal
reflection at which the sharp drop is monitored. At the
critical angle of incidence above which the total internal
reflection condition is broken, AR changes its sign. It should
be noted that difference between Rs and Rp above the
critical angle (see Fig. 2, b) indicates the strength of resonant
interaction, which is reduced due to dispersion at potential
relief caused by pores and surface roughness.

Using ultra thin gold films, it was shown [21] that the
resonant character of the interaction of S- and p-polarized
light with electrons influences the sign of AR at the
angle of incidence higher than the critical angle. For the
simultaneous resonant interaction of p- and s-polarized light
with clusters AR will have positive values in this angular
range.

In the present case negative sign is exclusively due to the
resonance of p-polarized light. In fact, as seen from the
Fig. 2,b the reflectance of p-polarized light first increases
by 5.7% within 1° after the critical angle of incidence, then
decreases by ~ 2.5% in the following 5° while the one
of s-polarized light reveals steady increase of about 0.5%
in 6° after the critical angle of incidence. This indicates
the resonant nature of p-polarized light interaction with the
film. Outside the resonance region, e.g. above 50° in Fig. 2,
reflectance of s- and p-polarized light show steady increase
in accord to each other up to 70°, above which both curves
sharply drop.

Wavelength dependence of AR at the angle slightly above
the critical angle of incidence, e.g. at 46°, depicted in
Fig. 3 reveals that AR increases steadily as the wavelength
increases. Refraction and absorption coefficients of the
tin dioxide film, n and «, respectively, are obtained after
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Fig. 2. Reflectance of s- and p-polarized light and differential reflectance vs. angle of incidence at 630 nm for the nanostructured tin
dioxide film: a — total curves, b — R? and Rf) in the vicinity of the critical angle.
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Fig. 3. Variation of differential reflectance with wavelength of
incident light for the nanostructured tin dioxide film. The angle
of incidence is fixed to 46°, slightly above the critical angle of
incidence.

Fig. 4. AFM image of the film, which has roughness
~ (5—10) nm in height and ~ 50 nm in width. Reliablity of lateral
size is low due to convolution with the tip shape.

Fresnel equation [22] is fitted to experimental data by
treating N and « as adjustable parameters. Fitting is
performed in the wavelength range 1 = 500—1000nm,
n=1.28 4+ 0.0000054, « =0.223—1/4700 were found
within a confidence limit of R*> = 99.5. Coefficients n and «
are both linearly dependent on wavelength. Refraction
index obtained in this way at 632nm for our tin dioxide
sample, n= 1.28315, has a value between the value of
bulk tin dioxide, 1.56, and the one of air, 1.003. This
value of refraction index is consistent with the literature
data [7] and suggests that the film has porous structure
as it is expected due to the polymeric additives, which
leaves a sponge-like structure after it decomposes during
the annealing cycle [23].

The shape of the curve for 6 > 0., in Fig. 3 is primarily
determined by the properties of incomplete internal reflec-
tion. It should be noted that AR vs. wavelength curve
in Fig. 3 does not reveal a peak for 6 > 6. but displays
negative AR values the same as the ultra thin gold film
does [19]. Such a peak indicates the resonant interaction
of light with surface plasmons and its intensity depends on
film thickness in a nonlinear manner. For gold films, for
example, it appears for the first time at 35nm and reaches
to a maximum value at the thickness of 50nm and, then
weakens before it fades away for the film thicker than
~ 250mnm [15]. Film thickness is measured as ~ 10nm
(Fig. 4). Resonance peak for 6 > 0, should have been
observed even for such a thin tin dioxide film since refration
index estimated for the tin dioxide film at A = 632 nm from
Fig. 3, n= 1.28315, suggests that the effective thickness
of tin dioxide is ~ 6times greater that it is for gold with
n=0.20 [19], and, as being an n-type semiconductor,
tin dioxide contains enough charge concentration for the
formation of surface plasmons. However the result in
Fig. 3 suggests that the resonance condition is not fully
satisfied. This might be due to nanostructure as well as
to surface roughness of the film since the surface plasmon
wave propagating in the direction parallel to the film/air
interface losts its energy every time it hits a local particle,
surface roughness or grain boundaries. Such interactions of
surface plasmons may destroy the resonance condition and
thus, the resonant interaction of light with surface plasmons
does not appear.

4. Conclusions

Surface plasmons resonance technique using modulated
polarized light was applied to the nanostructured tin dioxide
film and its refraction index as well as extinction coefficient
are obtained. Refraction index of the film reveals that
the tin dioxide film has a porous structure confirming the
assessments for the existence of pores in the films.

It is argued that the resonance conditions for surface
plasmons are destroyed by interaction of them with the
surface roughness of the film (medium dielectric properties
variation) and the squared reflectance indexes difference
curve is primarily determined by total internal reflections.
SPR technique employing semiconductor films with suf-
ficiently high carrier density has potential to expand the
application area of the technique.
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