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Properties of photonic nanojet made of circular and elliptical dielectric cylinders
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Abstract- In this paper, photonic nanojets are achieved using circular and elliptical dielectric cylinders in air
background. Therefore, for obtaining high intensity and large focal length photonic nanojets, using high-
resolution finite difference time domain method, the optical properties of obtained nanojets are studied for all
possible geometrical parameters. Numerical results show that the field intensity of circular photonic nanojet is
higher than the elliptical one, while the focal length of elliptical photonic nanojet is greater than that of circular
one. These results can be helpful in designing advanced photonic components such as ultra-sensitive particle
Sensors.
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1. Introduction

Optical microscopy and spectroscopy technologies
are well established and are remarkably powerful.
Critical to any discussion of them is the
fundamental limitations  of  conventional
microscopy. The observation of sub-wavelength
targets with conventional lenses is difficult because
of the diffraction limit [1, 2]. There is a
fundamental maximum to the image resolution of
any optical apparatus which is due to diffraction.
The evanescent waves store sub-wavelength
messages of the object and are missed before
reaching the image plane. Recently, the
phenomenon of photonic nanojets (PNJ) has been
investigated by several scientific literatures [3-6].
When an electromagnetic plane wave is
perpendicularly incident to a lossless dielectric
cylinder or to a dielectric sphere, a PNJ is obtained
with special choices of material dimensions and
refractive index instead of having a shadow region
behind the dielectric material. PNJ can be defined
as a narrow electromagnetic beam having high
intensity with low divergence. This beam
propagates into the background medium, in which
the dielectric martial is embedded. In order to
obtain a PNJ, the dielectric micro-cylinder or
micro-spheres must be lossless dielectric materials
and of diameters relatively greater than the
illuminating wavelength. The phenomenon is
named as PNJ due to the unique nature of the light
distribution at the focal area [7].

PNJs have several important applications. They
are mainly utilized in the following applications:
Nano spectroscopy (detection and manipulation of
nanoscale objects), sub-diffraction resolution,
enhanced Raman scattering, waveguiding, and
high-intensity optical storage. Low-loss optical
wave guiding, high-density data storage,
lithography, high-resolution microscopy, and
nonlinear optical effects are the other applications
of photonic nanojets [8].

In this paper, at first, we theoretically study the
characterizes of a PNJ, consists of a two
dimensional circular dielectric cylinder, by
illuminating it with a plane wave. At the next step,
the circular cylinder is replaced by an elliptical
one. The features of the second structure such as
intensity and focal length were compared with
circular structure.
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2. Structure and Method

In this study, we use two dimensional circular and
elliptical dielectric cylinders, separately. The
refractive indices of the dielectric cylinders and

surrounding medium are n, and n, , respectively.
The focal length (f) is defined as the distance
between the surfaces of the cylinders to the point
of the maximum intensity of PNJ. The radius of the
circular cylinder is r and the radii of the elliptical

cylinder along the X and Yy axesare r, and

ry respectively. In this paper, the refractive index

of the cylinders are n, =1.738 corresponding to

Indium Tin Oxide (ITO) and the cylinders are
surrounded by air medium (n, =1). A plane

0.6759 m s

incident from the left and impinges on the
cylinders. The schematic diagram of an elliptical
cylinder of ITO in air background for creating PNJ
is shown in Figure 1.

wave light with wavelength

plane wave

photonic nanojet

PML

Fig.1: Schematic diagram of an elliptical dielectric
cylinder for photonic nanojet.

The optical transmission properties of PNJ can be
calculated via many different methods. A unique
calculation technique is needed for a circular or
elliptical cylinder. The finite-difference time-
domain (FDTD) method is one the most popular
technique for finding electromagnetic properties.
In this paper, PNJ properties of circular and
elliptical cylinders are calculated by the FDTD
method using the MIT Electromagnetic Equation
Propagation (MEEP) package [9]. In our
simulations, by using a high-resolution FDTD
technique, we study internal and near external field
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distribution of plane wave illuminated dielectric
cylinders. The perfectly match layer (PML)
absorbing boundary conditions, is used to our
FDTD simulations to terminate efficiently the
outer boundary of the computational region. The
centre of micro cylinders is laid out in the X—-Y
plane. The propagation is along the X direction.
The sampling in time is selected to ensure the
numerical stability of the algorithm. The
transverse electric wave propagation is considered
in the present letter wherein the incident electric
field vector is in the propagation plane.

3. Results and Discussions

In this paper, the PNJ properties of circular
and elliptical dielectric cylinders in air
background, illuminated with a plane wave, will be
separately analysed in the next two subsections.

3.1.
In this case, we consider an infinite circular
dielectric cylinder of radius r and refractive index
of ny =1.738embedded within an infinite vacuum
medium of refractive index of n, =1. The cylinder
is normally illuminated by a rightward-propagating
sinusoidal  plane  wave of  wavelength
A=0.6759 zm in medium. We have investigated
PNJ properties of the mentioned structure for
different values of r . Our simulations reveal that
when 2r ranges from 6.075 um t012.825 um,
PNJs are observed. The focal length and maximum
intensity of nanojets in terms of r are shown in
Figure 2. In this figure intensity is defined as the
ratio of nanojet intensity to that of the incident

Circular dielectric cylinder

wave. Also figure 3 represents the intensity
distribution of the mentioned structure for
2r =10.125 ¢m.

3.2  Elliptical dielectric cylinder

Now, we study an infinite elliptical dielectric
cylinder in which the smallest and largest distance
from the perimeter of the elliptical cylinder to its

centre are shown asr, and r,. The refractive

index of the elliptical cylinderis n, =1.738
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Fig 2: Intensity and focal length of PNJ created with
circular cylinder versus radius of cylinder.
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Fig 3: Intensity distribution of circular PNJ with
diameter of 10125 nm.

which embedded within an infinite vacuum
medium of refractive index of n, =1. The PNJ

properties have been investigated for all possible

values of r, and r,. In our simulations, for a
given value of r, the PNJ properties of the

mentioned structure has been investigated as a
function of r, and this process repeated for other

values of r, . Our calculations show that when
r, and r are in the range of 1.012—-4.725 um

and4.378—-5.737 um, PNJs are observed. The

variation of focal length and intensify of PNJs as a
function ofr, for a constant value of
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r, =5.06 zm are shown in figure 4. Also, figure

5 represents the intensity distribution of mentioned
structure for r, =3375 (nm) and r, =5060 (nm) .

42900

—_
=
- 42400 E‘
2 <
7] =}
S &
41900
E -
[:]
=
=]
{1400 -
05k = Intensity \‘
: —# =Focal Length {nm) a\
~
0 . L L L . . oo
1000 1500 2000 2500 3000 3500 4000 4500
r_{nm
_@m)

Fig 4: Intensity and focal length of PNJ created with
elliptical cylinder as a function of r, at fixed value of

r, = 5060 nm.

4 Conclusion

In summary, we have studied photonic nanojet
properties, emerged from circular and elliptical
dielectric cylinders in air background, using high-
resolution finite-difference time-domain method.
Our simulations show that both circular and
elliptical cylinders create photonic nanojets for
optimum parameters. The obtained results reveal
that the circular cylinder yields a PNJ with higher
intensity compared to the elliptical cylinder, while
the focal length of the elliptical cylinder is greater
than that of the circular one. The obtained results
show that without using complex materials such as
liquid crystals or optofluidics materials [5] high-
intensity and long-length nanojets (5 micro-meter)
has been observed in our paper. These results can
be helpful in designing advanced photonic
components such as ultra-sensitive particle sensors.
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