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Simulation of the Combined Effects of Dipole Emitter Orientation, Mie Scatterers,
and Pillow Lenses on the Outcoupling Efficiency of an OLED
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The net effect of the emitter orientation, Mie scatters, and pillow lenses on the outcoupling efficiency (OCE) of a bottom-
emitting OLED having an internal photonic crystal layer was investigated by a combined optical simulation based on the
finite-difference time-domain method (FDTD) and the ray-tracing technique. The simulation showed that when the emitter
orientation was horizontal with respect to the OLED surface, the OCE could be increased by 54% when a photonic crystal layer
was employed, while it could be improved by 86% under optimized conditions of Mie scatters and pillow lenses applied to the
glass substrate. The peculiar intensity distribution of the OLED, caused by the periodic lattice structure of the photonic crystal
layer, could be ameliorated by inserting Mie scatters into the glass substrate. This study suggests that conventional outcoupling
structures combined with control of the emitter orientation could improve the OCE substantially.
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FIG. 1. The cross-section of the bottom-emission type OLED
investigated in this study.
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FIG. 2. (a) Mie scattering particles randomly dispersed in the

glass substrate and the light path ways. (b) Pillow lenses formed
on the front surface of the glass substrate.
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FIG. 3. Far-field intensity distribution proportional to |E", where
E is the electric field, detected outside of OLED as a function of
the ETL thickness for a horizontal emitter condition.
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FIG. 4. The dependence of the OCE on the density and the radius
of the Mie scatterers embedded in the glass substrate at the ETL
thickness of 100 nm.
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FIG. 5. OCE as a function of the diameter for (a) 1x1, (b) 3x3
and (c) 5x5 pillow lens arrays. The particle density and the
diameter were fixed to be 10° mm> and 600 nm, respectively.
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FIG. 6. Far-field intensity distribution proportional to |E]*, where
E is the electric field, detected outside of OLED as a function of
the ETL thickness for a horizontal emitter condition. The
optimized conditions of the Mie scattering particles and the

pillow lens were applied to the OLED.
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FIG. 7. The dependence of OCE on the ETL thickness obtained
under various conditions for (a) the horizontal emitter and (b) the
vertical emitter. “Basic” indicates no outcoupling structure except
for the photonic crystal layer is applied to OLED. For other three
conditions, the optimized photonic crystal layer is also adopted.
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