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The emission characteristics of organic light emitting diodes are dictated by the electronic and optical properties of the layers that make
up the device. Great efforts have been made to optimise, amongst others, the outcoupling efficiency of these devices. Tuning the
thickness of each of the layers can, with precise knowledge of the complex refractive index, greatly increase the optical outcoupling
efficiency and allow for sensitive tuning of other emission characteristics. Birefringence in organic layers has been observed and can be
very strong (|An|> 0.2)[1]. When this birefringence is taken into account in optical simulations[2] it can be used to increase outcoupling
efficiency[3] and tune the angle dependant emission. We present guidelines and the potential benefit of birefringent organic layers in
both top- and bottom emitting OLED:s.

Anisotropic Organic Layers

EML
Organic molecules with a planar | . Af Horizontal  Vertical An=-0,25
- rlonzona ST OB (ordinary) (extraordinary)
or linear shape tend to form layers Y vy
with anisotropic refractive indices. Mo, Ko A/”e' Ke
Orientation : ETL
The anisotropy can be positive or A n=-0,27
negative, depending on the * B4PYMPM
temperature of the substrate Random | _cux
durlng depOS|t|On. Bulky or Compact Planar or Linear HTL N . . O

olecular shape — _ N
Molecular shap An_ne n, An=-017
) &

TPD15

Bottom emitting OLED Top emitting OLED

The potential of anisotropic organic —
layers Is assessed by calculating the Aluminium :EZL-mc
maximum outcoupling efficiency to > ETL e > HTL
the substrate. E::: E f:\.V/ L
> = :ngqu N | >
n., IS a weighted average of the ITO 2 2 2.5 ETL
ordinary and extra-ordinary refractive = Metallic
Indices. It 1s kept constant which Glass \JL k
allows for a fair comparison between - Ll - - Glass
Isotropic and anisotropic layers ° 1 ﬁ/%o[_] ° )
__2nj—|—n§_m_l ; An=n, —n, An=n,—n
Mg __ 3 ) o
Maximum outcoupling efficiency to substrate Maximum outcoupling efficiency to air
0.9 - 7
62 -
P — 60 -
i I I : i ~ :
60‘;)6 use . Proper use:
c
|+ ° +7%
Mpr I : 1 :
w80 OIO Op€r Use Improper use:
An HTL =0.0 —7/‘, An HTL =0.0 _ 60/
an ATL =-0.2 1l _gg ONETL=+02 ©
AN =0. AnHTL =-0.2

An ETL =-0.2 An ETL =4+0.2

An ETL =0.0

Conclusion

Golden rule:
ETL must be negatively anisotropic
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