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Near-field microscopy of surface-plasmon polaritons: Localization
and internal interface imaging
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Using a scanning near-field optical microscope with shear force feedback we directly probe optical
fields of surface-plasmon polaritons (SPP s) excited at different interfaces of gold films while simultane-

ously imaging surface relief structures. We observe that near-field optical images, which are generated
due to the SPP propagating along a rough surface, exhibit spatially localized (within -250 nm) field

enhancement by -5 times, whereas those due to the SPP at a relatively smooth surface show a well-

pronounced interference pattern related to the interference between the excited and scattered SPP's. We
observe also that near-field optical images ascribed to the SPP excited at an external (gold-air) interface
and those due to the SPP at an internal (gold-fluoride) interface exhibit not only some common features
but also distinctly different features, which we believe are related to the topography of the internal inter-
face.

I. INTRQDIJCTIGN

Surface-plasmon polaritons (SPP's) have been a subject
of extensive studies for more than two decades, partly be-
cause their inherent surface-localized nature results in an
extremely high sensitivity of SPP's to surface properties,
such as roughness and absorbate surface coverage. ' SPP
characteristics also contain information about optical
properties of media adjacent to the interface, as well as
about an interface which can be considered as a transi-
tion layer between two media. Since even the most care-
fully prepared surfaces are not perfectly Rat, theoretical
and experimental studies of interaction of SPP s with sur-
face roughness represent a significant part of the scientific
literature on SPP's. Traditionally, behavior of the SPP at
a rough surface has been deduced from (far-field) mea-
surements of light scattered into a free space due to the
SPP interaction with surface features. ' Recently
developed surface-plasmon microscopy extends the pos-
sibilities of far-field measurements, but its lateral resolu-
tion is still di6'raction limited. This problem can be par-
tially solved by using a photosensitive overlayer to record
an interference pattern between the SPP and a reference
wave (to analyze the interference pattern, the photoresist
layer had to be developed, covered with a metal film, and
examined in a scanning electron microscope). ' However,
only with the development of scanning probe techniques
did it become possible to study SPP properties virtually
at the surface along which the SPP propagates, without
surface modification and with the resolution in the
nanometer range. It should be stressed that these tech-
niques provide the means for local probing of the SPP
field, which knowledge is essential for understanding of
various phenomena from scattering of SPP's to surface-
enhanced Raman scattering and nonlinear wave interac-
tions involving SPP's.

The first scanning probe technique used for spatially
resolved studies of SPP's was the scanning tunneling mi-

croscopy (STM) technique. In experiments with the
STM an additional tunneling current has been observed
due to the SPP excitation. However, since there are
several e6'ects which might induce the additional current
it is difBcult to extract SPP field characteristics from the
detected signal. A closely related technique, in which the
SPP field scattered by a STM tip was detected in the far-
field zone, was introduced by Specht et al. In another
approach, ' a dielectric SiN probe of an atomic force mi-
croscope was used instead of the STM tip. The power of
light scattered by a subwavelength-sized scatterer (probe
tip) is proportional to the light intensity at the site of the
scatterer and, therefore, the signal detected by these two
techniques should provide, at least in the first approxima-
tion, the SPP local-field intensity. However, there are
also some other effects to be taken into account, such as,
for example, radiationless energy transfer from the tip to
the sample, and the inhuence of the experimental
configuration, especially the detector's position, on the
detected signal [this efFect has been demonstrated with
the inverted photon scanning tunneling microscopy
(PSTM) (Ref. 11)]. It is relevant to mention a near-field
technique introduced by Fischer and Pohl, ' in which
SPP excitation in small protrusions of an otherwise Oat
gold film was used to observe single-particle plasmons as
well as to image surfaces with protrusions acting as near-
field optical probes.

The photon scanning tunneling microscope (PSTM)
developed a few years ago' makes use of an uncoated
fiber tip in order to detect an evanescent field of the light
being totally internally rejected at the sample surface. A
sharp homogeneous fiber tip immersed in the evanescent
optical field can be within certain approximations con-
sidered as a detector of the square modulus of the electric
near field. ' Therefore, contrary to the aforementioned
techniques, the PSTM enables one to measure directly
the SPP local field near the studied surface. ' Interesting
observations of SPP behavior in fractals have recently
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been reported by Tsai et aI. ' In this work the PSTM
with optical feedback was used, i.e., the detected optical
signal was kept constant when scanning the fiber tip
along the surface. However, in order to extract useful in-
formation from such measurements the surface topogra-
phy has to be determined simultaneously with near-field
optical measurements. For such a purpose one can use a
shear force technique, ' ' in which a vibration amplitude
of the fiber tip provides the signal for a feedback system,
and the tip-surface distance can be maintained in the
same way as in a conventional atomic force microscope.

Here we present results of an experimental study of
SPP's carried out by using the PSTM combined with
shear force regulation of the tip-surface distance. Near-
field optical images generated due to SPP's excited at
different interfaces of gold 61ms are obtained simultane-
ously with topographica1 images of these 61rns. Vfe ob-
serve spatially localized enhancement of the SPP field in-
tensity at a rough surface. We also obtain near-field opti-
cal images, which are generated due to the SPP propaga-
ting along the inner interface of the sample recently stud-
ied with the STM technique, ' and recognize some
features in these images as being related to the topogra-
phy of the internal interface.

II. EXPERIMENTAL ARRANGEMENT

The optical part of our experimental setup is shown

schematically in Fig. 1. The setup consists of the
PSTM, ' combined with a shear force based feedback sys-
tern' and an arrangement for SPP excitation in the usua1
Kretschmann configuration. The light from a He-Ne
laser (A, =633 nm, P = 3 mW) is used for the SPP excita-
tion. The laser beam is polarized parallel to the plane of
incidence (p polarization), intensity modulated by an
acousto-optic modulator (modulation frequency -20
kHz), and focused onto the base of a prism with a gold
film (focal length =500 mm, spot size -400 pm). The
reflected light is detected by a photodiode, and the excita-

tion of the SPP is recognized as a minimum in the angu-
lar dependence of the refiected light power (attenuated
total refiection minimum). '

The SPP local field is probed with a sharp fiber tip,
which is fabricated by etching of a single-mode silica fiber
in a 40% solution of hydrofluoric acid during a time
period of 55 min. ' Another end of the fiber is optically
coupled to a photomultiplier tube, whose signal at the
modulation frequency is synchronously detected by using
a lock-in amplifier. The position of the fiber tip is con-
trolled by a three-coordinate piezotranslator based on bi-
morphs. The fiber tip can be scanned over the sample sur-
face with a constant tip-surface distance ( —5 nm) by us-
ing the shear force feedback described in detail else-
where. The main idea is to keep a vibration amplitude
of the fiber tip at some level, which is below the ampli-
tude leve1 for the tip being far from the sample surface.
In our experiment the amplitude (1—10 nm) of tip reso-
nant vibrations (frequency = 8 kHz) is measured by using
synchronous detection (at the vibration frequency) of
light diffracted from a laser beam after passing through
the fiber perpendicular to its axis (Fig. 1). Therefore, a
surface topography can be imaged with a resolution on
the nanorneter scale, while recording simultaneously a
near-field optical image corresponding to a distribution of
the SPP local-field intensity near the film surface. It
should be mentioned that a typical recording time of the
4X4-pm surface area is =20 min, and a temporal drift
of the piezotranslator with respect to the sample is less
than 3 nm/min, so the drift can be regarded as negligibly
small. Note that the scan speed, which can otherwise be
up to 5 pm/s, is limited by the integration time of 100 ms
needed to ensure a suKciently high signal-to-noise ratio
in the detected optical signal (0.01—1 nW).
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FIG. 1. Experimental setup for studying surface polaritons
with a photon scanning tunneling microscope. LS, laser source;
AOM, accousto-optic modulator; L, lens; M, mirror; S, sample;
PD, photodiode; PT, piezoelectric translator; and PMT, pho-
tomultiplier tube. The polarization of the light is parallel to the
figure plane.
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FIG. 2. Angular excitation spectra of surface polaritons mea-
sured (circles) and calculated (solid lines) for the one-layer (a)
and two-layer (b) structures, respectively.
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FIG. 4. The distribution of the near-field optical signal (a)
and the appropriate surface profile (b) obtained from the images
sHown in Fig. 3 along the directions indicated by the arrows.

III. EXPERIMENTAL RESULTS

We studied two structures, namely a gold film (thick-
ness =80 nm) evaporated on a glass prism with the re-
fractive index n =1.56, and a two-layer structure consist-
ing of a gold film (thickness =60 nm) deposited on a
magnesium fluoride layer (thickness =170 nm, n = 1.28)
placed on the top of a prism (n =1.64). The first struc-
ture allows us to excite the SPP at the gold-air interface,
whereas the second one gives us the possibility to excite
two SPP modes, i.e, a fast SPP (FSPP) at the gold-air in-
terface and a slow SPP (SSPP) at the gold-fiuoride (inter-
nal) interface. ' Angular dependences of the refiected
light power were measured for both structures in order to
determine the excitation angles for these SPP's (Fig. 2).
The excitation of the relevant SPP results in a pro-
nounced minimum in the angular dependence of the
reAectivity of p-polarized light. By fitting the experimen-

FIG. 3. Gray-scale topographical (a) and near-field optical
(b) and (c) images of 4X4 pm obtained with the one-layer
structure. The maximum depth of the topographical image is
40 nm. The optical images were taken at the same place with
the polariton being resonantly excited (b), and with a =3' devi-
ation of the angle of incidence from the resonance one (c). The
optical images are presented in the common scale correspond-
ing to -0—30 pW of the detected optical signal. Arrows indi-
cate the directions of the cross sections shown in Fig. 4.
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tally obtained angular dependences to those calculated
for the appropriate layered structures, the dielectric con-
stants of the gold films have been found to be
n, =0.13+2.7i and n2=0. 13+2.75i in the first and
second structures, respectively. Using these data togeth-
er with the values of excitation angles, one can determine
(assuming perfectly Rat and sharp interfaces) various
characteristics of the appropriate SPP, such as the
effective wavelength, the propagation length, and the
penetration depths in neighbor media.

The SPP field intensity distributions near the surfaces
of these samples were studied by using the PSTM to ob-
tain near-field optical images while simultaneously imag-
ing the surface profiles with the shear force technique. It
should be noted that all images presented here are orient-

ed in the way that the SPP if excited propagates upwards
in the vertical direction.

A. One-layer structure (localization of the SPP)
Topographical images of the gold film surface of the

first sample showed the typical island structure of the
film consisting of bumps (pits) with various heights
(5—100 nm) and sizes (50—1000 nm) in the surface plane
[Fig. 3(a)]. The optical signal from the SPP being reso-
nantly excited [8=45', cf. Fig. 2(a)] was —10 pW on
average, but optical images also exhibited some rather
bright spots [Fig. 3(b)]. Typically, such a spot had a size
of -250 nm, and the peak signal in it was up to five times
larger than the average level (Fig. 4). If the angle 8 of in-
cidence was out of resonance by a few degrees then the
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FIG. 5. Gray-scale topographical (a) and near-field (b) and far-field optical (c) and (d) images of 3X3.5 pm obtained with the

one-layer structure. The maximum depth of the topographical image is 45 nm. The optical images were taken at the same place

(with the polariton being resonantly excited) for different tip-surface distances: —5 nm (b), 3 pm (c), and 30 pm (d). The optical im-

ages are presented in the common scale corresponding to -2—30 pW of the detected optical signal. Arrows indicate the bright spot

(b) and its position (a).



17 920 BOZHEVOI. NYI, SMOLYANINOV, AND ZAYATS

average optical signal was half as much, the bright spots
seen at resonance disappeared, but some spots, though
not so bright, came up at other places [compare Figs. 3(b)
and 3(c)]. In general, similar weak spots (the signal
enhancement factor —3) were observed at various excita-
tion angles di6'erent from the resonant one. The depen-
dence of optical images on the tip-surface distance was
also studied. It appeared that after moving the fiber tip—1 pm away from the surface the average optical signal
decreased about by half, and then was nearly independent
on the tip-surface separation, whereas the bright spots
were present only on the near-field images (Fig. 5}. Fi-
nally, one can notice that the observed bright spots are
almost round, and that their locations are not correlated
with the local surface profiles: the peak signal can corre-
spond to the surface pit (Fig. 4) or to the surface bump
(Fig. 5). We have also found that the bright spots can be
observed at some intermediate positions of the surface
slope. But the most important circumstance, in this con-
text, is that bright spots are not seen at places with (near-
ly) the same topography as that of the places they are
present at (Figs. 3 and 5).

The angular and tip-surface distance dependences of
optical images indicate a strong interaction of the SPP
with surface roughness, which results in the circumstance
that, on average, only a half of the optical signal mea-
sured (for resonance excitation) near the surface is related
to the SPP field intensity. Another part is likely to be due
to the propagating (in air) components of light scattered
by surface roughness. This part should not be much
dependent on either the tip-surface distance or the angle
of incidence. Actually, only the observed bright spots are
directly related to the SPP excitation. We believe that
the presence of these spots can be regarded as evidence of
strong localization of the SPP caused by surface rough-
ness.

Localization of light can occur in media with strong
disorder, so that the interference of multiple-scattered
light makes propagation of light impossible, leading in-
stead to localization. Localization of the SPP (parallel
to the metal surface) can be caused accordingly by sur-
face roughness. Since the size of the observed bright
spots is at most half that of the SPP wavelength ( —570
nm), the Ioffe-Regel criterium for localization is practi-
cally satisfied. The shape of the spots and the absence of
correlation between locations of the spots and the local
surface profiles also support our hypothesis of the SPP lo-
calization in the structure we studied. The angular
dependence of optical images is more difficult to inter-
pret. It seems evident that the SPP localization should
also be seen at other (than the resonant) excitation angles,
since phase matching is not that important for excitation
of localized SPP's. On the other hand, the SPP localiza-
tion is an essentially two-dimensional phenomenon relat-
ed to the multiple scattering of SPP's in the surface
plane. Therefore, if the e%ciency of the scattering of the
incident (out of resonance) beam into propagating SPP's
is less than the combined efficiency of the resonant SPP
excitation with the subsequent SPP scattering in the sur-
face plane, then the SPP localization should be most pro-
nounced at resonance. %'e believe that this can be a
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FICi. 6. Schematic representation of the interactions of the
fast and slow polaritons with the surface features at the external
and internal interfaces. The optical fiber tip of a near-field mi-
croscope used to probe the polariton field is also shown.

reason for the absence of bright spots out of resonance
[the SPP excitation at resonance is rather efficient; see
Fig. 2(a)]. Moreover, in such a case the aforementioned
weak spots observed out of resonance might also be relat-
ed to the SPP localization.

As far as recently published results on the SPP
behavior in fractals' are concerned, we would like to
stress that PSTM images obtained in Ref. 16 with optical
feedback (constant intensity mode) can be rather mislead-
ing because of the strong inAuence of waves propagating
in air and generated due to the scattering of evanescent
waves by surface roughness. For example, a 50-nm-
high step on the silica surface can result in images with
giant corrugations with up to 300-nm height depending
on the preset value for the optical feedback. Therefore,
without knowledge of the surface topography one can
hardly separate the contribution (in the detected signal)
of light scattered into a free space by macroscopic surface
features and the contribution stemming from the spatially
localized (in the surface plane) light-induced dipole
I110des.

The near-field optical images presented here, contrary
to those from Ref. 16, have been obtained with a constant
tip-surface distance (-5 nm}, and the contribution of
propagating (in air) waves in the detected optical signal is
known from angular and distance dependences of optical
images (-5 pW on average). This contribution is about
five times less than the peak signal values at bright spots.
The propagating waves cannot form a spot image with a
size less than the diffraction limit (A, /2=316 nm). One
can presume that the actual spot size is even less than 250
nm due to the limited resolution of the PSTM. There-
fore, the observed spatially localized signal enhancement
(bright spots) is indeed related to the SPP (near) field
enhancement and can be regarded as the evidence of the
SPP localization. Finally, we mould like to point out that
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a surface with random roughness, which is very often the
case, can also be considered as an example of a fractal (in
the surface plane) structure, which makes the objects
studied here and in Ref. 16 similar to each other. We
think that localization of plasmons could have taken
place under conditions described in Ref. 16, but the ex-
perimental evidence presented there is indirect and far
from being conclusive.

B. Two-layer structure (internal interface imaging)

The second sample consisting of a two-layer structure
allows us to excite two SPP modes (the FSPP at the
gold-air interface and the SSPP at the gold-Auoride inter-
face) by appropriately adjusting the angle 8 of incidence
[cf. Fig. 2(b)]. The idea of our experiment is schematical-
ly represented in Fig. 6. If the gold film is not too thick,
the fiber tip can probe both the FSPP and SSPP fields, ei-
ther of which is most sensitive to the topography of the
appropriate interface. Recording three images at the
same place —the topographical image of the external in-
terface with the shear force technique, and two near-field
optical images generated in turn due to two SPP
modes —gives in principle the possibility to deduce the
topography of the internal interface. Though this is not
an easy problem, one can presume that the reconstruc-
tion of the internal surface re1ief might be performed at
least for two extreme cases: for slowly varying (adiabatic)
surface profiles, and for subwavelength features (similar
to pointlike scatterers) placed far away from each other.
In the first case the SPP scattering can be neglected, and
the detected optical signal due to the SSPP (propagating
along the internal interface) is more or less directly relat-
ed to the local film thickness. In the second case cou-
pling between scatterers can be disregarded, and the
power and phase of the scattered light is connected to the
size and sign (bump or pit) of the scatterer. In both cases
after some calibration procedure the reconstruction of
the internal interface seems feasible.

We calculated the ratio R between the maximum value
of the SPP field (at the interface) and the value of this
field at another interface as being equal to R -6 for both
SPP's. This value of R is large enough to detect the opti-
cal signal from the SSPP, but sufficiently small to de-
crease the inhuence of the surface profile of one interface
on the SPP at another one. Topographical images of the
gold film surface showed that the external interface is
more smooth than that of the first structure (the average
surface variation is —10 nin), but it has rarely spaced
micron-sized bumps with 100—200-nm heights. Conse-

FIG. 7. Gray-scale topographical (a) and near-field (b) and
far-field optical (c) images of 3.5X4 pm obtained with the
two-layer structure. The maximum depth of the topographical
image is 140 nm. The optical images were taken at the same
place (with the fast polariton being resonantly excited) for
different tip-surface distances: —5 nm (b) and 12 pm (c). The
optical images are presented in different scales corresponding to
—10—600 pW (b) and -0—20 pW (c) of the detected optical sig-
nal. Arrows indicate the directions of the cross sections shown
in Fig. 8.
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FIG. 8. The cross sections of the near-field (NF) and far-field
(FF) optica1 images from Fig. 7 along the directions indicated
by the arrows.

SSPP (propagating along the internal gold-fiuoride inter-
face) was about 20 times smaller than that from the
FSPP, which agrees with our estimations of R (one
should take into account the difference in the excitation
eNIiciency, and that the signal is related to the field inten-

sity, i.e., to R ). The surface bump [Fig. 7(a)] is ap-
parently present at both interfaces since it gives rise to
the scattering of both SPP's, resulting in turn in the in-
terference patterns on both images (Fig. 9). The periods
of these patterns are distinctly difFerent (Fig. 10), as it
should be due to the difference in the wavelengths of
SPP's: A&-590 nm (FSPP) and A, -420 nm (SSPP).
Judging from the distribution of the detected signal in the
image generated due to the SSPP [Fig. 9(b)], one may

quently, the detected optical signal due to the FSPP was
on average about 30 times higher than the one due to the
SPP of the first sample, and the appropriate near-field op-
tical images usually exhibited a well-pronounced interfer-
ence pattern related to the interference between the excit-
ed and scattered FSPP's (Fig. 7). The angular and dis-
tance dependences of the optical signal in this case were
also quite different from those observed for the first sam-
ple. The average optical signal was about 20 times small-
er if the angle of incidence was out of resonance by -2'
or if the tip was moved —1 pm away from the surface. It
is interesting to note that the far-field optical images also
showed an interference pattern [Fig. 7(c)], but its period
was considerably larger, corresponding to the wavelength
of waves propagating in air (Fig. 8).

The interference pattern related to the FSPP [Fig. 7(b)]
can be used to determine directly the FSPP wavelength.
Taking into account the propagation direction of the
FSPP (SPP's propagate upwards for all images), the non-
linearity of the image related to a nonlinear response of
the piezotranslator, and the period of the interference
pattern (Fig. 8), we estimated the FSPP wavelength as be-
ing equal to A, -550 nm, whereas the value calculated
from the angle 8 of the resonance FSPP excitation [Fig.
2(b)] is A, -590 nm. We think that the accuracy of
direct evaluation of the SPP wavelength from the in-
terference pattern is dependent mainly on the accuracy of
the image linearization. !t is clear that such an interfer-
ence pattern can also be used in order to determine the
relative amplitude and phase of the SPP scattered by the
surface inhomogeneity. Actually, surface features can be
specifically designed in order to realize and to study (by
using this approach) various optical configurations in two
dimensions, such as apertures, lenses, resonators, etc.

Several different places of the sample surface were
studied in order to examine the approach suggested for
the internal interface imaging. Two near-field optical im-
ages generated in turn due to two SPP modes approxi-
mately at the same place as previously (Fig. 7) are shown
in Fig. 9. The average optical signal detected from the

?.",.

FIG. 9. Near-field optical images of 4 X4 pm taken at nearly
the same place as those in Fig. 7, and generated due to the fast
(a) and slow (b) polaritons being resonantly excited in turn. The
optical images are presented in different scales corresponding to
—10—600 pW (a) and -0—30 pW (b) of the detected optical sig-
nal. Arrows indicate the directions of the cross sections shown
in Fig. 10.
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FIG. 10. The cross sections of the near-field optical images,
which were generated in turn due to the fast (FSPP) and slow
(SSPP) polaritons, from Fig. 9 along the directions indicated by
the arrows.

presume that the gold film is relatively thick at the area
corresponding to the lower right corner of the image, and
thin at the bump area (upper right corner). The ap-
propriate images recorded at another place on the sample
reveal a relatively small bump at the external interface,
whose area and height are -0.6X0.6 pm and 100 nm,
respectively [Fig. 11(a)]. This bump results in FSPP
scattering, leading in turn to the interference pattern
[Fig. 11(b)], which is quite similar to the previously ob-
served one [Fig. 9(a)]. However, it seems that in this case
the FSPP propagates along the bump surface and scatters
on the bump borders, thus forming a compact standing-
wave field distribution at the bump surface [the upper left
corner in Fig. 11(b)]. This can serve, at least in the first
approximation, as an example of a microresonator (mi-
crocavity) for the SPP's. The SSPP propagation along
the internal interface was not much influenced by this
bump, but the appropriate optical image [Fig. 11(c))
shows more than a tenfold increase of the detected signal
at the other place, which does not exhibit any specific
features either in the external interface topography or in
the optical image generated due to the FSPP (the lower
right corner in Fig. 11). One may reasonably assume that
there is a strong scatterer at the internal interface and
that it is probably a pit (not bump), otherwise it would
also have strongly affected the FSPP propagation along
the external interface. However, it is clear that in order
to be more conclusive one has to study, first, images ob-
tained with structures which have specific and known
features present on both interfaces.
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IV. CONCLUSIONS

Using the PSTM with the shear force feedback we have
directly probed optical fields of SPP's excited at different
interfaces of gold films, while simultaneously recording
appropriate surface profiles. We have demonstrated that
the experimental technique developed is capable of pro-
viding not only high-quality and high-resolution near-

FIG. 11. Gray-scale topographical (a) and near-field optical
(b) and (c) images of 4X4 pm obtained with the two-layer
structure. The maximum depth of the topographical image is
115 nm. The optical images were taken at the same place with
the fast (b) and slow (c) polaritons being resonantly excited in
turn. The optical images are presented in the different scales
corresponding to -20—500 pW (b) and -0—50 pW (c) of the
detected optical signal.
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field optical images generated due to the SPP's but also,
at the same time, adequate topographical images, without
which the interpretation of optical images is hardly possi-
ble. Note that, except for some topographical images in
which an average linear slope has been subtracted, the
presented images are unprocessed.

The SPP excited at the surface of the gold film with a
typical island structure has been studied. It has been
found that the near-field optical images exhibit a spatially
localized enhancement of the SPP field intensity in the
form of -250-nm-sized bright spots. The enhancement
ratio (-5), size, and round shape of the spots, and angu-
lar and distance dependences of the optical images, can
be regarded together, in our opinion, as evidence of the
strong localization of the SPP in the structure we studied.
However, SPP behavior at excitation angles different
from the resonant one has yet to be understood in order
to elucidate the situation with SPP localization in this
case.

We have studied the two-layer structure, which sup-
ports propagation of two SPP modes: the FSPP along
the external (gold-air) interface, and the SSPP along the
internal (gold-fluoride) interface. When exciting the
FSPP we have observed well-pronounced interference
patterns formed due to the interference between excited
and scattered FSPP's. These interference patterns have

been suggested for use, in general, in studying various
phenomena in two-dimensional optics and, in particular,
for direct measurements of the SPP wavelength. We
have discussed the possibility of internal interface recon-
struction by using a topographical image of the external
interface and two near-field optical images generated in
turn due to the FSPP and SSPP propagating along the
external and internal interfaces, accordingly. We have
observed that these optical images not only exhibit some
common but also distinctly different features, which can
be related to the topography of the internal interface.
The results obtained demonstrate that in some cases the
internal interface imaging is feasible by using the
developed approach, but a systemic study of this tech-
nique should be carried out by imaging specially fabricat-
ed samples with various known structures at both inter-
faces. The appropriate theoretical consideration of the
imaging properties of the PSTM in such a configuration
is also desirable.
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