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Abstract
In the thesis, we report the flip-chip and epilayansferred types GaN-based LEDs for

improving the light extraction efficiency of devie
In the part of flip-chip type’ LEDs,. the light-eniity diodes (FC-LEDs) with

micro-pillar-array structure, the FC-LEDs with gestnic oblique sapphire structure, and
FC-LEDs with triple light scattering layers werer@stigated. In the first part, the micro pillar
arrays structure is formed on the bottom side ppbkae substrate by dry etching process to
increase the light-extraction efficiency. The lighttput power of the FC-LED is increased by
68% for a 3.2um textured micro pillar on the bottom side of tlapshire substrate. Our work
offers promising potential for enhancing output posvof commercial light-emitting devices.
In the second part, the sapphire shaping structufermed on the bottom side of sapphire
substrate by chemical wet etching technique forhtligextraction purpose. The
crystallography-etched facets are (1-106), (11&2f) (1-102) plane against the (0001) c-axis
with the angles range between ~30°- ~60°. Thegg lalope oblique sidewalls and greatly
thick sapphire windows layer are useful for enhagdight extraction efficiency. The light
output power of sapphire shaping FC-LEDs (SSFC-LDEEa&s increased 55 % (@ 350 mA
current injection) compared to that of conventioR@-LEDs (CFC-LEDS). In the third part,

the FC-LEDs with triple light scattering layers wedemonstrated by conjunction with the



epi-growth on micro-pillar array sapphire substiate naturally textured p-GaN surface. The
totally internal reflection effect could be effagly reduced between the GaN-air,
GaN-sapphire, and sapphire-air interfaces. Thd bgitput of the FC-LEDs with triple light
scattering layer structure was increased about @350 mA current injection).

The epilayer-transferred type LEDs were fabricdtgdhe combination of wafer bonding
and laser lift-off techniques to transfer the Gghlager to a better thermal dissipation and
conductive substrate. In this part, the epilayangferred type LEDs with modified surface
structures were demonstrated including rougheneshrearface and photonic crystal surface
structures. In the first part, the epilayer-transfé type LEDs with the roughened mesh
surface were proposed by transferring the GaN gilavhich was grown on a pattern
sapphire substrate to a high thermal conductivitg: alectrical conductive silicon substrate
and roughening the mesh surface by chemical wéiiretcprocess. Under 350 mA current
injection, the epilayer-transferred type-LEDs"witte roughened mesh surface presents a
further enhancement of 20% in output power compariwith that of regular
epilayer-transferred type LEDs. In the second ph#,epilayer-transferred types LEDs with
the 8-folds photonic crystal surface structure weeenonstrated. By adopting a photonic
crystal surface structure, the light extractionceghcy was effectively improved. In addition,

a Lambertian far-field pattern was also realized.
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