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ABSTRACT

Since the organic light-emitting diodes (OLEDs) have been widely investigated as next-generation displays, it has

been successfully commercialized as a flexible and rollable display. However, there is still wide room and demand to

improve the device characteristics such as power efficiency and lifetime. To solve this issue, there has been a wide

research effort, and among them, the internal and the external light extraction techniques have been attracted in this

research field by its fascinating characteristic of material independence. In this study, a micro-nano composite

structured external light extraction layer was demonstrated. A reactive ion etching (RIE) process was performed on

the surfaces of hexagonally packed hemisphere micro-lens array (MLA) and randomly distributed sphere diffusing

films to form micro-nano composite structures. Random nanostructures of different sizes were fabricated by

controlling the processing time of the O / CHF3 plasma. The fabricated device using a micro-nano composite

external light extraction layer showed 1.38X improved external quantum efficiency compared to the reference device.

The results prove that the external light extraction efficiency is improved by applying the micro-nano composite

structure on conventional MLA fabricated through a simple process.
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Fig. 1. Schematic of the RIE process: (a) MLA, (b) Oz
plasma, (c) CHF5 plasma, (d) nanostructured MLA.
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Fig. 2. (a) Energy band diagram of fabricated OLEDs (b)
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Fig. 4. SEM image of different RIE processed hemisphere
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Fig. 5. SEM image of different RIE processed random
distributed sphere diffusing film: (a) bare (b) O2
100s/CHF5 100s, (c) O2 100s/CHFs 400s, (d) Oz
400s/CHF5 100s and (e) O2 400s/CHF; 400s.
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Table 1. OLEDs device configuration

Sample Name

. random
hzg(iggzr:a%’; distributed sphere
P & diffusing film

reference
HO0/0
H100/100
H100/400
H400/100
H400/400

Configuration

bare OLEDs
02 0s / CHF5 0s
02 100s / CHF5 100s
02100s / CHF; 400s
02400s / CHF3 100s
02400s / CHF; 400s

S0/0
$100/100
$100/400
$400/100
$400/400
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Fig. 6. Current density — EQE characteristics: (a) hexa-
gonally packed hemisphere MLA and (b) randomly
distributed sphere diffusing film.
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Table 2. Summarized EL characteristics of fabricated
OLEDs with external light extraction layer

At current density 20mA/cm?
Sample EQE  Improvement to Improvement
Name (%) Reference to HO/0
Reference 1.28
HO0/0 1.57 1.23X
H100/100 1.77 1.38X 1.21X
H100/400 1.71 1.34X 1.09X
H400/100 1.76 1.38X 1.12X
H400/400 1.68 1.31X 1.07X
Sample EQE Improvement to Improvement
Name (%) Reference to S0/0
S0/0 1.63 1.27X
S100/100 1.68 1.31X 1.03X
$100/400 1.62 1.26X 0.99X
S400/100 1.64 1.28X 1.01X
S400/400 1.63 1.27X 1.0X
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