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Fig. 1. (a) Schematic illustration of the GaN-based blue LEDs with closely-packed polystyrene

sphere; (b) SEM image of polystyrene sphere with a diameter of 450 nm on the ITO layer.
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Fig. 2. SEM image of the polystyrene sphere formed onto the ITO layer with different sizes: (a) 250 nm, (b) 300 nm,

(c) 600 nm, and (d) 950 nm.
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Fig. 3. Electroluminescence curves of GaN-based
LEDs with and without polystyrene sphere: (a) the
optical output power versus injection current charac-

teristics; (b) the current versus voltage.

R gE R LGB A 4t B —, 16
LED 3% B B ITO JZ Lt 5 PS 44 K Kk 7T LL$2
= LED [ HIDGROR; 3=, JPSAPKIRMER S
RGP LR BRI I, L e . B
HH 6 R (34— A D 32 R B R T A DR A
B, FE IR PS K ERFEZI AT LR 1E /& 481
YURA O, BT IR A, T DUA RO A 4
Toid B R S ENITO E R A B PS 49K BREE
H, FEH R P BB T PSYRKERIR ST 5
RAW KB, 21k 1n] LA E =LA
RUCBURT IR, AT DA SR S A5 46 7 1), [RIRE AT BASE
ok SR A H 2, T SR 4K EE AL LED
R VER B 4 (a) s, XG0k S5
MITO 2, fE1TO JZ 52 FHil I, 458
GO S NS R Tl A 6 H 5 B s S
H T2 M GaN H 5453 1TO & Bl A, i
A4 I 5 I 5 A T DL el v S A A R
sinf. = na/ny, HH ng AN GaN BT %, ny
NHFAA RS R, Bony = 2.495, ny = 1,
AL EARH] 0, = 23.6°, X EMRE R S LE

HEA B JEA B S, T X T B R T B PS 4K
BREM I ITO JZ, KB RwE 4 (b) s, — 77
THI A2 SR J2 IR oK 3R B A 3 03 3R THIREL A ) R,
7 T THI A 12 ) B 1 10 45 A B S WA S 2
W] DA T R I AR A B A 2, T $
15 LED 2584 (1 6 20%.

ITO

GaN

ITO

GaN

4 (a) Vil LED £t an = B (b) By Fa 0 &
JZ PS Bk LED g5t

Fig. 4. Light-ray dynamics for the plane LEDs struc-
ture and for the ITO layer with polystyrene sphere:
(a) light-ray traces in the plane LEDs structure;
(b) light-ray traces in the ITO layer with polystyrene

sphere.
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Abstract

GaN based light-emitting diodes (LEDs) have been attracting a great deal of interest due to their capability in
emitting a spectrum from ultraviolet to green and their applications in traffic signals, displays and solid-state lighting.
However, the high efficiency of LED is still obstructed by light-extraction efficiency. In this work, we propose that
light-extraction efficiency of GaN-based blue LED should be improved by a self-assembled monolayer of polystyrene
spheres. The GaN-based LED grown on sapphire substrate emits the light mainly from the indium tin oxide (ITO)
transparent electrode. And the hexagonal closely-packed polystyrene sphere monolayer is formed onto the ITO layer.
In order to study the light-extraction efficiency affected by the size of nanosphere, nanosphere monolayers of different
sizes are prepared onto the ITO layer, and the diameters of the polystyrene spheres are 250, 300, 450, 600 and 950 nm,
respectively.

The electroluminescence results show that using polystyrene sphere monolayer can improve the light-extraction
efficiency compared with using the conventional LEDs, and the light-extraction efficiency reaches a maximum when the
average size of spheres (450 nm) approximates to the wavelength (465 nm) of that light. The light output power of the
LED with polystyrene sphere of the optimum size is experimentally enhanced by 1.34 and 1.25 times under the injection
currents of 20 and 150 mA, respectively. In order to explain the physical mechanism of the light-extraction enhancement,
we carried out the three-dimensional finite difference time-domain simulation thereby calculate the transmission spectrum
of the structure. The results of simulation show that the incident light beyond the critical angle can be partly extracted
when the surface of LED has a polystyrene sphere monolayer, leading to an enhanced light-extraction efficiency. So the
nanosphere monolayer acts as a two-dimensional diffraction lattice which behaves as a light scattering medium for the
light propagating in a waveguiding mode within the LED. Furthermore, the polystyrene nanosphere has the advantages
of low-cost and high-precision, and is very suitable for large area preparation on LEDs. So this method is a simple and

cost-effective method to improve the light-extraction efficiency from LED.

Keywords: light emitting diodes, nanospheres monolayer, electroluminescence, light extraction efficiency
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