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Abstract
High intensity sub-wavelength spots and low

divergence nanojets are observed in a system of Si3N4

microdisks illuminated with linearly polarised coherent
light of wavelength 532 nm. The disks are of height 400 nm
with diameters ranging from 1μm to 10μm. Light scattered
from the disk and substrate is observed by imaging from
above. In free space light is focused inside the disks and a
sub wavelength spot is observed. The angular distribution
of the intensity compares well to numerical 3D FEM
results. The diameter and polarisation dependence of the
scattering is explored and matches well with theory.

1 Introduction
Near-field light scattering from cylindrical and

spherical particles in the Mie regime is receiving renewed
interest due to the formation small high intensity sub
wavelength spots and low divergence lobes on the shadow
side of these particles. The main lobe can have sub-
diffraction limited waist and propagate with much lower
divergence than a Gaussian beam of the same waist. This
has been attributed to the fact that some of the light is
scattered at large angles [1]. This main diffraction lobe has
been termed a photonic nanojet [2]. Much of the
experimental work thus far has centred on dielectric
microspheres, primarily due to the fact that high quality
mono-disperse microspheres are widely available
commercially. Many applications have been developed
including direct write photolithography [3], high
resolution optical data storage [4] and single molecule
fluorescence [5].

This work shows the formation of high intensity spots
and photonic nanojets in lithographically defined planar
structures [6]. Using standard processing techniques
adapted from the microelectronics industry allows us to
change the size and shape of the structures and observe
the effect on the scattering distribution.  The scattering
distributions are measured experimentally by imaging
from above using a microscope objective. The propagating
components of the near-field are mapped by secondary
scattering from the substrate. The angular far-field
distribution is mapped by imaging the back focal plane of
the objective.

2 Experimental measurements and results
The structures were fabricated using electron beam

lithography (EBL) and inductively coupled plasma (ICP)
etching. An SEM image of a typical structure is shown in
Fig.1 (a), with a 90o side wall angle shown in Fig.1 (b).  The
experimental setup is depicted in Fig.1(c). Linearly
polarised light from a 532 nm diode pumped solid state
laser is input at 80o from the normal. Light from the
sample was collected using a 100x infinity corrected
microscope objective with an NA of 0.7. Reflected light
from the substrate is not within the collection angle of the
objective and only scattered light is collected.

Figure 1.  (a) SEM image of a microdisk of diameter 5 µm  (b)
SEM image of sidewall angle after FIB milling. (c) Experimental
setup: Linearly polarised collimated light is introduced with an
angle of incidence of 80o. The scattered light from the structure is
collected using the microscope objective (MO) and imaged onto a
CCD as indicated by the marginal ray bundle in green. (d)
Single shot image from a microdisk of diameter 6.5μm, with 532
nm incident wavelength. Light is incident from the top of the
image. (e) Back focal plane image showing angular far field
distribution of scattering.
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Imaging the microdisk shows the angular distribution
of the near field due to secondary scattering from the
substrate shown in Fig.1(d). A typical back focal plane
image representing the angular far field scattering out of
plane is shown in Fig. 1 (d).This gives a map of the angular
dependence of the far-field scattering.

Mie theory for an infinite cylinder shows that the
number of scattering lobes depends only on the size
parameter, which is the ratio of the circumference of the
cylinder to the incident wavelength, and the ratio of the
refractive index of the scatter to its surroundings. The size
parameter dependence for these finite height cylinders is
explored experimentally by varying the diameter of the
lithographically defined microdisks shown in Fig. 2.

Figure.2: Experimental images on log scale for scattering from
individual disks. Light is incident from the left of the image with
a fixed input angle of θi=80owith a wavelength of 532 nm. Disk
diameter is varied from 6 µm to 1 µm as labelled.

The images contain bright diffraction limited spots at
the edge of the disk which are due to out of plane
scattering, and a patterned intensity distribution outside
the disk which is three orders of magnitude weaker due to
secondary scattering. A high dynamic range imaging
method was used to capture all the scattering information.
The images are all displayed on a normalised log scale in
order to display both the bright areas and the detail in low
intensity regions in the same image. For the case of Si3N4

microdisks in air the refractive index contrast is such that a
small high intensity spot is formed on, or just inside the
surface of the disk. Scattering lobes are observed outside of
the disks with increasing number with increasing disk
diameter.

This experimental technique can be applied to
characterise more complex 2D focusing elements based on
a combination of refraction and scattering. We recently

demonstrated diffraction limited 2D focusing elements
based on a Cartesian Oval (Fig.3).

Figure.3: Experimental image of focusing by a truncated oval
with parameter a=20 µm and a cylindrical cut out with d= 10
µm is shown on log scale. Incident light is s-polarised (along y-
axis).

3 3. Conclusions.
Under certain conditions high intensity spots and

photonic nanojets can be created using Si3N4 microdisks.
Due to the relatively high refractive index compared with
polymer and SiO2 microspheres, these microdisks may
provide an improvement on techniques currently shown
with microspheres. A relatively simple imaging technique
was demonstrated which gives a great deal of information
about the scattering structures. Using EBL the size and
shape of the scatterers can be controlled with high
precision to control the near-field intensity distribution.
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