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OLED outcoupling analysis

Conventional bottom emitting OLEDs face multiple challenges
when it comes to getting all of the photons out

> SPP losses

> Waveguided

> Substrate trapped

> Parasitic absorption
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Strategies for maximizing 5, of OLEDs

1) Minimize surface plasmonic loss mode

1o * Calculation based on Phys. Rev. B 85, 115205
. Absorption

Plasmonic loss minimized by:
1) using thick transport layers

2) introducing corrugation
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Strategies for maximizing 5, of OLEDs

1) Minimize surface plasmonic loss mode
2) Use high-index substrates to convert waveguided mode

* Calculation based on Phys. Rev. B 85, 115205
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Strategies for maximizing 5, of OLEDs

1) Minimize surface plasmonic loss mode
2) Use high-index substrates to convert waveguided mode
3) Use external extraction layers to recover substrate mode

- Half-sphere lens,

* Calculation based on Phys. Rev. B 85, 115205
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Scattering films as extraction layers

A straightforward way to address the substrate-trapped mode:
Scattering particles embedded in a clear host medium

Polymer microspheres in acrylate ZrO, powder in PDMS TiO, NPs in polymer film
R. Bathelt et al, Org. Electron. 8 (2007) J.J. Shiang et al, J. Appl. Phys. 95 (2004) H.-W. Chang et al, J. Appl. Phys. 1 13 (2013)
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Scattering films as extraction layers

A straightforward way to address the substrate-trapped mode:
Scattering particles embedded in a clear host medium

What if we use high-index (n ~ 1.8) substrates
to merge waveguided mode with substrate-trapped mode?
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Index contrast between oxide scatterers and the substrate reduces as n.,, gets higher :

Utilizing voids (n = 1) as non-absorbing scattering centers

In high-index, low-cost plastic substrates
A
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Polyimide as a high-index host medium

Kapton® polyimide
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Phase inversion technique to introduce voids

precursor polyamic acid (PAA)

dry/
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Characterization of the porous Pl films
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Porous Pl layers on white OLEDs
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Porous Pl layers on white OLEDs
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Conclusions

® High-index, low-cost substrate material is essential
in merging waveguided mode with substrate-trapped mode in

OLEDs

® Polyimide is a good high-index candidate,
with easy processability and excellent chemical/thermal robustness

® Air voids are effective low-index scatterers in Pl,
compared to using high-index scattering particles

® Outcoupling enhancements >1.9x confirmed,
demonstrating the effectiveness of our scalable, low-cost approach

® Integration with Pl substrates for flexible OLEDs

possible,
for further outcoupling efficiency enhancement
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