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ABSTRACT

We designed a device that is use a Fabry-Pérot
structure combining the photonic crystal that we call
“Photonic Crystal Embed Light Guiding”. This devices was
employed to lead light-emitting diode(LED) has efficacious
directivity.

1. INTRODUCTION

The light-emitting diodes (LED) have been widely
applied displays and backlight modules. Most of groups
are committed to enhance light extraction and have highly
directivity [1-7], and Photonic Crystals(PhC) [8-10] is
dielectric material with periodically distributed structure in
air space. PhC band gap reveals the characteristics that is
light with specific wavelength cannot propagate. Some
research also proved to limit the light in specific area with
the characteristics of photonic crystal band gap so as to
enhance the light extraction rate.

In previous works, we have developed series device
with PhC to improve LED performance. With various PhC
structure to change the LEDs shape of light distribution.
Our team has used the PhC characteristics to lead the
directivity of light more effective on the light directivity and
presented a white light LED for multi-view angle display
application [11-13].

In this paper we designed a new structure that can
optimize the directivity of LED that is base on the PhC and
combine a Fabry-Pérot structure and discuss the
transmission of the light in this structure.

2. SIMULATION AND RESULTS

The LED light source can be considered the difference
angle of incident in reality, the light source will be LEDs
array. So we simulate incident difference plane wave by
finite element method (FEM) and transmission is base on
following equation (1).

E
Transmission = ELM ¢))

in

The parameter Ei,, Eout is the energy of Electromagnetic
wave.

Fig. 1-a shows the structure of PCs slab that is periodic
air holes arrays and made by GaN in three-dimensional
on LED surface and Fig. 1-b show the structure of PhC in
cross section and geometrical parameters include lattice
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constant (a), etching depth (h), hole dimeter (r) and GaN
layer (H). In simulation, we try to reduce the problems so
that we used the one-dimensional unicell of PhC (Fig.
1-c) to simulation the light distribution of LED. Because
on the PhC, the Electromagnetic wave propagate in PhC
that no matter in x-direction or y-direction, can be
considered identical.
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Fig. 1 Photonic crystal structures of periodic
air holes array on LED surface
(a) Two-dimensional PhC slab structure diagram.(b)
Cross-sectional view (h=200 nm). (c) Unicell
of photonic crystals

Fig. 2 is show the simulation for transmission of LED light
field base on PhC. The geometrical parameters were
used in GaN layer H=350nm etching depth h=150nm
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lattice constant a=530nm hole dimeter r=0.25a. The result
shows the transmission of LED light. we can see the max
transmission is on the theta +6 | +15 , +52

The LED light was propagated in these direct but the
bandwidth was too wide so that we demonstrate a device
that PhC embed with Febry-Pérot structure which optimize
the light directivity. With this device, we are able to guiding
the light to specific direction.

Fig. 3 is the Febry-Pérot structure base on PhC
structure, our team deign a structure that is used silicon to
coat the silver and embed with PhC. The geometrical
parameters of Febry-Pérot structure were used silver layer
(f) silicon layer (b) and upper the Febry-Pérot structure is
the PhC.
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Fig. 2 Wave length A= 532 nm, LED transmission of
light.

The max of transmission is on the theta £6°, +16°,
152°.
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Fig. 3 Photonic Crystal Embed Light Guiding
structure.

Fig. 4 is show the transmission of LED in PhC embed
light guiding structure, the geometrical parameters f=50nm,
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b=1000nm. In this structure max of transmission is 40%
at +51" and the direction of LED light is almost in this
angle. This result prove the LED direction will be
improved by Febry-Pérot structure with PhC.

In order to optimize intensity of the transmission
direction, we define the extinction ratio (Eq 2.):

Extinction ratio(EXT) = @ @

min

and change thickness of the silver layer to compare the
extinction ratio.
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Fig. 4 LED transmission of PhC embed light guiding,
max of transmission is 40% at +51°

Fig. 5 show the transmission of the LED light, We
change the thickness of silver layer from f=50nm to
110nm it is blue, orange, yellow, purple line respectively.

The result shows the highest transmission is blue line
silver layer f=50nm, it has 40% at £51 and second one
is when f=70nm, other are too low so that it can’t
distinguish clearly in fig. 5 because the absorption rate of
silver layer is too much when the thickness increase. But
thickness will NOT change the direction of LED light
source no matter how thick of the silver layer.
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Fig. 5 Transmission of LED light with difference
thickness of silver layer.
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Fig. 6 The extinction ratio of difference thickness of
silver layer.

Fig. 6 is the extinction ratio of difference thickness of
silver layer. The simulation number 1, 2, 3, 4 is f=50nm,
70nm, 90nm, 110nm respectively.

From this result show the trend of difference thickness
of silver layer. It provide the extinction ratio of difference
thickness but these EXT doesn't make too much of a
difference because the silver layer increase with same
magnification so the max and min of transmission is
increase in same times.
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Fig. 7 The intensity of difference thickness of silver
layer.

Fig. 7 is show the intensity of difference silver layer
and the max intensity of thickness is 40% in silver layer
f=50 nm and second is 16% in f=70 nm. From fig. 6, the
extinction ratio of difference thickness of silver layer these
are don't make too much of a difference but the intensity is
difference between the thickness of silver.

From these result, the thickness of silver (b) choose in
50nm is the best. Because in this thickness that has
highest transmission but almost same extinction ratio.

These result show that photonic crystal with
Fabry-Pérot structure was employed to lead LED has

efficacious directivity.
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Fig. 8 The Transmission of only photonic crystal
and PhC embed Light guiding structure

Fig. 8 shows the result of compare only photonic

crystal and light guiding structure with photonic structure.

From this fig, we can see the light guiding structure with
photonic crystal structure has more directivity of LED.
Although the transmission was decrease but the
direction was optimized successfully. In this device, the
light with wave length 532 nm only allow to propagate in
+51°,

3. CONCLUSION

Our team found the shapes of light distribution on
LED with difference types of photonic crystal structure,
no matter change the structure of PhC or type of lattice,
our team got the excellent result. In previous works, we
design the photonic crystal slab on LED array and it's
success to provide directive of LED. In this letter, in order
to optimize this device, we embed the new structure
upper the photonic crystal. This new structure that was
Fabry-Pérot structure base on PhC. Although the
transmission was decrease but the direction was
optimized in a large part but we have further prove that
the structure can also optimize the directivity of LED
successfully.

This research aims to develop the more directivity of
light device base on two-dimensional photonic crystal
slab, the future will be based this study, resulting in
fabricate this structure and try change difference
material to more optimize the directivity.

Finally, research application in the flexible display
technology of 3D.
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