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Light Extraction Efficiency Enhancement of GaN/InGaN LEDs

Employing Indium-Tin-Oxide Nano-Columns
Student: Chin—Sheng Yang Advisors: Peichen Yu, H.C. Kuo
Institute of Electro-Optical Engineering, National Chiao-Tung University
Abstract
In this thesis, we studied the growth and characteristics of indium tin oxide
(ITO) nanorod structures and applied the nanostructures on light emitting diode (LED)
to enhance the light extraction efficiency. The characteristic nanorod formation is
achieved by electron-beam evaporation with an obliquely incident nitrogen flux, that
is, the so-called glancing angle deposition. The structural morphology, material,
electrical, and optical properties were analyzed by various characterization techniques,
including Scanning Electron Microscope:(SEM), Transmission Electron Microscope
(TEM), Energy Dispersive Spectroscopy (EDS), ultraviolet-visible spectrophotometer,
four-point probe, etc. We also employed a three-dimensional finite difference time
domain (3D-FDTD) method to calculate the enhancement factor of the light output
power from the LEDs with ITO nanorods of various heights.
In chapter 3, the growth mechanism and the material characteristics of a single
ITO nanorod are analyzed. The dependence of the nanostructure morphologies on the
deposition conditions is also discussed. The nano-column material exhibits broadband
high transmittance spectrum. In chapter 4 and 5, we have applied the high density ITO
nanorods on GaN/InGaN sapphire-based LEDs and Vertical-Injection LEDs,
respectively. The light output powers are enhanced by a factor of 1.47 and 1.91,
respectively. The enhancement factor of the light output power from LEDs with ITO
nanorods of various heights was verified by 3D-FDTD simulation, and reasonable

agreement with the experimental results has been obtained.
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[ 3% [ ¢ (Transmission coefficient) T £
T=1=Rsassr i (2-4)
(n,4n)

W%ﬁW®Mmﬂﬂ}W%%?%®ﬂrﬁﬁﬂﬁ“fﬁ‘ﬂﬁm}HSM%
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