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as insets in Fig. 1, and more details can 
be found in Ref. 3. At several wavelengths
away, the spatial coherence properties of
the field do not continue to change based
on the distance from the interface, they
are however influenced by the statistical
characteristics of the interface.5

Based on the coherence properties at
subwavelength scales, new possibilities
could be suggested for surface and sub-
surface diagnostics of inhomogeneous
media. Such an intrinsically passive char-
acterization tool should be of practical
use in biological applications.

Understanding the statistical proper-
ties of radiation and the radiative transfer
over length scales smaller than the wave-
length will impact the design of efficient
coupling into and out of novel nano-
structure materials for compact photonic
systems. In addition, manipulation of the
coherence properties as suggested in our
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N ext generation photonics-based
technologies will ultimately rely on

novel materials and devices. To assist in
the development of such materials and
devices, phenomena at subwavelength
scales have been actively studied to
advance both fundamental knowledge
and experimental capabilities.
Understanding the statistical properties
of radiation at subwavelength scales
should be of paramount importance 
in the design of miniaturized optical
sources, detectors and sensors.

Conventional coherence theory sug-
gests that the fields radiated by statisti-
cally homogeneous sources correlate over
spatial regions of the order of the wave-
length, regardless of the distance z from
the source.1 This fundamental result,
obtained by neglecting the contribution
of short-range evanescent waves, has
been successful in describing the far-field
properties of thermal emission. It should
be noted that this description is pertinent
to coherence phenomena of radiation
produced by a practically infinite source
and does not account for detailed source
characteristics. Note also that classical
measurements of spatial coherence prop-
erties are usually performed at much
larger distances z, where the limited 
size of the source cannot be ignored.

At subwavelength scales, however, the
coherence properties of optical fields are
determined by both propagating and
evanescent waves. We have recently
shown that coherence length �� depends
on both the detailed structure of the
source and the distance from the inter-
face. Moreover, to the best of our knowl-
edge, we obtained the first experimental
evidence that, in the near field, the values
of �� can be smaller than the wavelength.

Evanescent wave contributions have
recently been accounted for2 and first-
and second-order statistics were evalu-
ated for optical radiation emitted at the
surface of random media.3,4 Typical near-
field distributions in the proximity of
highly inhomogeneous media are shown

Figure 1. Near-field coherence length �� as a function of distance z from the interface for dis-
tances (a) smaller and (b) larger than the wavelength of light ( � = 488 nm). The dashed lines
represent the theoretical predictions.3 The inset shows the dependence of field coherence
length on the standard deviation of the surface slope.5
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studies could lead to the development of
new concepts for robust, integrated sens-
ing techniques with resolution below the
wavelength of the propagating light. The
next generation of optical sources and
sensors will necessarily be developed at
these dimensions to address the ever-
increasing demands for miniaturization,
flexibility and efficiency.
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R ecent research has demonstrated a
connection between two seemingly

disparate and blossoming fields of opti-
cal science, namely, singular optics and
the anomalously high transmission 
of light through subwavelength size
apertures.

Anomalous light transmission,
first demonstrated experimentally by
Ebbesen et al.,1 is the surprising prop-
erty that subwavelength size apertures
in metal plates can transmit much more
light than predicted by the standard
theory of aperture diffraction. It has
been suggested that this enhanced
transmission is due to the coupling 
of light to surface plasmons. A good
understanding of the origins of
enhanced transmission could lead to
novel near-field optical measurement
devices, among other things.

It has also been known for some
time that the phase of a wave field can
exhibit unusual yet physically relevant
behavior in the neighborhood of points
at which the field amplitude is zero. The
systematic study of such singular points
has developed into the vibrant field now
referred to as singular optics.2 The
phase of the field in the neighborhood
of a singular point can exhibit a rich
variety of behaviors, such as a vortex
structure, and such points possess cer-
tain conserved quantities such as topo-
logical charge.

We have undertaken two-dimen-
sional numerical calculations of the
electromagnetic field in the neighbor-
hood of a subwavelength size slit in a
thin metal plate. In particular, the
behavior of the time-averaged Poynting
vector was analyzed by use of a rigorous
integral equation method.3,4 We found
that the field of power flow typically
possesses numerous phase singularities;
an example of such a field is shown in
Fig. 1. More importantly it was found
that, by increasing the slit width, the
annihilation of phase singularities and

the resulting smoother power flow 
coincide with the onset of anomalous
light transmission through the slit. This
analysis was done in a configuration
that does not support surface plasmons,
indicating that anomalous transmission
can occur even in their absence.

Our results give new insight into the
study of transmission through subwave-
length size apertures and show that a
good understanding of the phenomenon
requires that the behavior of the phase
singularities of the field be taken into
account.

References

1. T. W. Ebbesen, H. J. Lezec, H. F. Ghaemi, T. Thio and P.
A. Wolff, Nature 391, 667-9 (1998).

2. M. S. Soskin and M. V. Vasnetsov, “Singular optics,” in
Progress in Optics, E. Wolf, ed. (Elsevier, Amsterdam,
2001), Vol. 42, pp. 219-76.

Figure 1. Illustration of the power flow in the neighborhood of a 200-nm-wide slit in 
a 100-nm-thick plate of evaporated silver (with refractive index n = 0.05 + i 2.87). The 
incident field (coming from below) has a wavelength of �=500 nm. Features (a) and (d) 
are left-hand vortices, (b) and (c) are right-hand vortices and (e) and (f) are saddles. For this
example the transmission coefficient T = 1.11. The color coding indicates the modulus of 
the (normalized) Poynting vector.
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