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Eco-friendly External Light Extraction Films for Enhanced
Out-Coupling Efficiency of Organic Light Emitting Diodes
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Abstract

In this study, we fabricated external out-coupling films for organic light emitting diodes (OLEDs) using eco-
friendly materials, hydroxyethyl cellulose (HEC) and glycerol to improve the light extraction efficiency of OLEDs.
HEC and glycerol-based microlens array (GHEC MLA) films were fabricated by imprinting method. The effect of
GHEC MLA film on the external quantum and current efficiency of OLEDs were evaluated, and we found that the
light-emitting performances of devices with the GHEC MLA film were improved by approximately 20% compared
to those without the film. Furthermore, the GHEC MLA film exhibited excellent dissociation properties, completely
dissolving in water within a few minutes, thus establishing its eco-friendliness. Hence, we propose that this GHEC
MLA film could be employed as an eco-friendly and non-toxic light extraction film for next-generation OLEDs.
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Fig. 1. Molecular structure of (a) hydroxyethyl cellulose,
(b) glycerol.
12 1. (a) hydroxyethyl cellulose, (b) glycerolQ| £XF 7%
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Step. 3
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Fig. 2. Fabrication of GHEC MLA film.
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Fig. 3. (a) Optical Microscope Image of GHEC MLA
film, (b) Scanning Electron Microscope Image of
GHEC MLA film, (c) Tilt Image of GHEC MLA
film 1, (d) Tilt Image of GHEC MLA fim 2.
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Device A(Reference) : ITO(150 nm)/HAT-CN(5 nm)/
NPB(55 nm)/Alq3(60 nm)/LiF(1 nm)/Al(100 nm)
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Fig. 4. Device structures of (a) OLED without film,
(b) OLED with GHEC MLA film.
J8 4. (a) LES FAGHK| 22 OLED, (b) GHEC MLA

L2 BAS OLED A%} 72X

Device B :ITO(150 nm)/HAT-CN(5 nm)/NPB(55
nm)/Alq3(60 nm)/LiF(1 nm)/Al(100 nm)/GHEC MLA
film 1

Device C:ITO(150 nm)/HAT-CN(5 nm)/NPB(55
nm)/Alq3(60 nm)/LiF(1 nm)/Al(100 nm)/GHEC MLA
film 2
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Table 1. Comparison of OLED performance with or
without GHEC MLA film.
H 1. GHEC MLA EE |50 M2 OLED ds Hlu

EQE EQE CE |CE enhancement
(%) |enhancement (%)| (cd/A) (%)
Device A | 0.59 - 1.64
Device B | 0.65 10.17 1.81 10.37
Device C | 0.69 16.95 1.95 18.90
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Fig. 6. Total transmittance(Ty), Diffuse transmittance(T)
and Haze of GHEC MLA film.
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Fig. 7. OLED emission actual images of (a) without
GHEC MLA film, (b) with GHEC MLA film 1,
(©) with GHEC MLA film 2.
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Fig. 8. Images of GHEC MLA film (a) before immersion,
(b) after immersion: lower part of GHEC MLA
film dissociated.
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