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Abstract
We investigate metallic nanostructures by

electromagnetic modeling for polarized light extraction
from light emitting diodes (LEDs). We show two
nanostructures as possible polarization selective filters.

Aluminum wire grid polarizers (WGPs) are
investigated using rigorous coupled wave analysis
(RCWA). The result of the model is used in conjunction
with a ray tracing calculation in order to build up a
complete LED model. With this model extinction ratio
over 2.72 is obtained with extraction efficiency surpassing
an unpolarized LED + external polarizer setup.

Silver nanoellipsoids are studied using a quasistatic
approximation in layered environment. The degree of
polarization and the total transmittance spectra are
calculated. The effect of parameters like lattice period,
axial ratio and particle size are considered. Optimization
procedure shows that particles in the size range of 100 nm
are optimal to reach 50% degree of polarization and less
than 15% absorbance for an uncollimated and unpolarized
dipole source.

Introduction
Polarized light plays a major role in many applications

such as liquid crystal displays [1], automotive lighting [2],
microscopy [3] and communications [4]. Using
polarization selective devices in combination with light
emitting diodes (LEDs) provides a cost effective solution
for these applications. Usually one uses external polarizers
for these applications, however in this case more than half
of the light is lost due to absorption and reflection. Several
papers deal with polarized light extraction from light
emitting diodes [5-8], using geometrical optical concepts as
well as with photonic crystals and nanostructures placed
onto the LED chip.

In the present paper we cover the modeling of
polarized light extraction from light emitting diodes and
investigate the polarization dependence of light scattering
on metallic nanostructures. First the performance of wire
grid polarizer (WGP) is examined for the purpose of
polarized LED applications. Based on the results of the
RCWA calculations a complete AlGaInP LED model is
built up using a ray tracing software.

As a second approach we exploit the shape introduced
anisotropy of silver nanoellipsoids. It is well known that
the response of such particles will depend on the
polarization of the exciting light due to the anisotropy [9].

Recently ellipsoidal metallic nanoparticles embedded in a
transparent host were suggested for ultrathin polarizers
[10]. We use this idea to obtain polarized light extraction
from conventional LED chips. To calculate the scattering
on the nanoellipsoids we use the quasistatic
approximation in a layered system. Optimization is carried
out to obtain optimal particle size, axial ratio and particle-
particle distance.

Polarized light extraction with wire grid polarizers
We have investigated two possible placement of the

wire grid polarizer on the complete LED structure. In the
first one the WGP is placed onto the encapsulation, in the
second one the WGP is placed onto the LED chip.

Figure 1 (a) Extinction ratio and (b) average absorption for
unpolarized incident wave. The WGP is placed onto the
encapsulation (Grating on encapsulation: line + symbol) or onto
the LED die (Grating on die: solid line).

The optical properties of the wire grid polarizer on
planar interfaces are investigated using the rigorous
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coupled wave analysis [11, 12]. The wire grid polarizer is
illuminated at conical incidence with an unpolarized plane
wave. The extinction ratio as well as the average
absorption is shown on Figure 1.

It can be seen from the figures, that the WGP achieves
better performance when put onto the encapsulation both
in extinction ratio and in extraction efficiency. From the
geometry of the LED source it is clear, that the wave
coming from the chip and hitting the encapsulation surface
falls nearly at normal incidence onto the surface. On the
contrary inside the chip, the waves fall on the interface of
the chip and the encapsulation in polar angles uniformly
distributed. Consequently a large amount of light is
trapped inside the LED die by total internal reflection.
Thus one can conclude that if these conditions hold, it is
reasonable to put the WGP onto the encapsulation rather
than onto the chip surface.

Complete LED model with wire grid polarizers
We have used a commercial ray tracing program in

conjunction with the RCWA calculations to model the
complete LED source with nanostructures. For illustration
purposes we have chosen to model a high efficiency
transparent substrate AlGaInP LED. Three different
configurations were investigated: an unpolarized LED
source with an external polarizer, an LED source with
WGP put onto the LED chip and an LED source with WGP
put onto the encapsulation surface.

For the unpolarized LED source the extraction
efficiency was about 23% which is in good agreement with
the results found in the literature. In the unpolarized case
the extinction ratio was very close to 1 as expected. Using
an external polarizer to produce polarized light the
efficiency of the system dropped to 9.6%, i.e. more than the
half of the light was lost compared to the previous case.
Putting the WGP onto the LED chip resulted in an
extraction efficiency of 5.6% and extinction ratio of 2.04.
Putting the WGP onto the LED encapsulation the
extinction ratio increased to 2.72 moreover the extraction
efficiency increased to 12.9%.

To summarize the previous results it can be seen that
placing the WGP onto the encapsulation provides the best
configuration of polarized light extraction with WGP.

Investigation of the polarization properties of
silver nanoellipsoids

Using ordered or disordered array of nanoparticles at
surfaces to produce polarized light enables us to further
fine tune the optical response of the system. The
investigated setup consists of a planar chip/encapsulation
interface and a square array of silver nanoellipsoids
oriented in the same direction. The ellipsoids are placed
into the encapsulation material. The light scattering is
calculated using the periodic layered Green’s tensor
formulation, where the particles are considered as

polarizable dipoles, with multiple scattering between the
particles taken into account [13-15]. The light source in this
case is the farfield of a radiating dipole emitter with
random polarization.

We investigate the degree of polarization (DOP),
reflectance and absorbance of the interface as a function of
the geometrical parameters of the nanoparticle lattice for
the visible spectral range. The nanoparticle lattice provides
polarization selection as expected and in the 10-100 nm
size range the maximum degree of polarization depends
mainly on the particle size, not on the axial ratio or lattice
period. The axial ratio influences only the peak position in
the wavelength spectrum.

Figure 2 shows the degree of polarization, absorbance,
transmittance and reflectance of the investigated setup as a
function of the semi-major axis. The wavelength was 620
nm. The period was set to p = 2.1 lx and the axial ratio was
equal to 2.2.

Figure 2 DOP, absorbance, transmittance and reflectance at
620 nm as function of particle semi-major axis. The axial ratio
was equal to 2.2, the period was p = 2.1 lx.

It can be seen that by increasing the particle size the
degree of polarization increases and reaches a relatively
constant range above 30 nm semi-major axis length. The
absorbance reaches a maximum around 10 nm semi-major
axis length and with increasing particle size it decreases.
The reflectance also increases with increasing particle size.

At around 50 nm semi-major axis the DOP is high
enough and the absorbance is low enough for practical
applications. The high reflectance of the lattice can be
exploited by suitable polarization recycler below the
nanoparticle structure in order to increase the extracted
power.

Conclusion
One dimensional aluminum periodic array of

nanowires showed excellent polarizing properties by
placing on material interfaces. By putting these wire grid
polarizers onto the curved encapsulation of an LED
extinction ratio of 2.72 and extraction efficiency of 12.9%
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can be obtained. The investigated setup also compares
favorably with the currently existing solutions.

Silver nanoellipsoids are promising too for polarized
LED application. For the best configurations the degree of
polarization values were near 50%, while the absorbance
was below 15% for the unpolarized dipole emitter. The
transmittance and reflectance was about 10% and 75%
respectively. Using a proper polarization recycler to
recover the reflected waves, the extracted power can
largely surpass the LED + external polarizer configuration.
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