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ABSTRACT

In this disclosure a new type of structure for OLED-lighting devices is proposed. The combination of partial QOwn-
conversion areas together with areas reflecting and/or absorbing light of a particular color offers the opportunity 1o
designing the off-state of lighting devices. The needed structures proposed here can be processed with low cost.

BACKGROUND OF INVENTION

White OLED-lighting devices can be generated by applying a continuous down-conversion layer on the light emit-
ting side of a blue OLED (Appl. Phys. Letters, 80, 19, A. Duggal et al., 2002; Journal of Appl. Phys., 82, 9, A. Niko
et al, 1997). The down-conversion layer comprises of a color changing material, for example phosphor particles or
organic dyes. For lighting applications cerium doped garnets, nitride phosphors, ionic phosphors like SrGa,Ss:Eu™
or SrS:Eu”', fluorescent dyes, quantum dots or conjugated polymers are oflen used as luminescence converting
matcrials. In most applications these materials arc dissolved or embedded in a transparent matrix, for example poly-
carbonate, silicone, cpoxy or PMMA. The matrix containing the phosphor is often dircetly coated on the light source
or used as material of the device housing.

The phosphor layer can be laterally structured. This structure gives more flexibility in designing output spectra of
down-conversion light sources and makes the emission spectrum less sensitive to phosphor layer uniformities. Espe-
cially, this flexibility can help, to find a better compromise between cfficiency and color rendering (Siemens P#

2005P07780US, P20050306).

The disadvantage of conventional phosphor coatings (partial or uniform) is that in the off*state of the lighting device
the incident light of short wavelengthes also is being converted by the phosphor layer leading to a shortage of blue
in the emitted spectrum, i.e. the device typically looks annoyingly yellowish in the off-state.

The proposed novel structure allows to shape the off-state appearance of conversion OLED to a more pleasant, es-
pecially to a white appearance while not influencing the emission spectrum in the on-state. The proposed device
structure can be processed with low costs.

Fig. 1 shows a typical setup of a conversion OLED where the emission spectrum of the device is tuned by laterally
structuring the lighting tile into areas in which OLED light simply is passing towards the spectator (a) and areas
where it is being converted by a color conversion (e.g. phosphor) layer (b). The spectrum now can be tuned by the
conversion material but also by the ratio of area (a) and (b). Preferably, in arcas where a conversion layer is applied,
the original OLED emission is completely converted by the phosphor making the device less sensitive to uniformity
variations in the conversion layer.

blue fight
generated
by OLED

phosphoridye

- -

a b b a

e

Color tuning by changing
ratio ab

FIG. 1

The proposed structure of the conversion layer can be for example stripes, crossed stripes, circles or squares (Fig. 2 -
dark areas could e.g be conversion areas, white areas are exhibit the original OLED spectrum). The structured coat-
ing could be applied on the light source by the means of screen printing, ink jet printing or other film application
techniques. Another approach is, to structure a uniform coating by scratching, photo lithography, laser ablation,
molding or other processes. The lateral structures in the conversion layer are preferably made using dimension not
resolved by the human eye making the device looking uniform in a color consisting out of a mixture of OLED and
conversion layer emission spectrum.
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In the off-statc of the device the conversion layer typically absorbs the blue fraction from the ambient light and
converts it into red-shifted light. in laterally structared conversion layers. this is true for the coated areas as well. In
the non-coated areas typically the incident kight is being reflected by the electrode with hardly any red-shift (typi-
cally low PL with visible excitation for blue OLED material). Superimposing those two ¢ffects in laterally struc-
tured OLED (reddish and white light rcflection) one stili gets a yellowish appearance of the device although maybe
less pronounced than in uniformly coated devices (sec Fig. 3).

yellow light white light
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Fig. 3

INVENTION DETAILS
The novel structure proposed here offers flexibility in designing the off-siatc appearance of down-conversion OLED

devices. It tunes the light in thc non-conversion coated areas in a way as o compensate the red-shift in the coated
arca without influencing the on-state itself by ¢.g. an additional layer (scc Fig. 4).

Transmission
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— »._._......,...4...//..‘< .........................
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WS/ SR Phosphor Emission
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ion Additional r ,
Off-State 380 nm 780 am Wavelengtn

Fig. 4

The additional layer absorbs incident long wavelength light whereas it is transparent in the blue. In the on-state, the
laycr therefore does not absorb the emitied light, whereas in the off-statc it makes the reflected incident white light
look blue-ish. The superpositicn of the reddish reflected tight from the conversion areas together with the blue-ish
reflected light forms again white light. The color coordinatcs of the appearance of the device can now be tuned to
match the criteria of the custonter (white or color) by adapting the absorption spectrum of the additional layer.

Additionally, scatlering can be included in the additional layer t0 more isotropically emit the reflected light This
can be done by additional scattering layers underncath or above the absorption layer, it could be a combination of
absorption and scatlering, or cven a surface modification (roughening).

Conversion Layer { } Additional Layer

OLED Stack
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Fig. 6

Fig. 6 shows a setup in which the above proposed measure is combined with a layer that transfers UV light (present
¢.g. outdoor) into the visible blue range. This measure can also be used solely, i.e. without the additional absorption
and scattering layer. In this case, the benefit will hardly be visible in indoor illumination scenarios, where hardly any
UV is present.

The here proposed structures can be applied to both, bottom and top cmitting OLEDs, o- or- p-up structures, etc. as
long as the conversion layer is being laterally structured. The novel structure is applicd on the passivation layer or
encapsulation of the organic EL-device. In the case of top emilter structures, the proposed concept can also be com-
bined with any kind of thinfilm encapsulation of the OLED device. The encapsulation layer or layers can be applied
between OLED device and laterally structured conversion/absorption layer or on the outside surface of OLED-
conversion/absorption layer device. (Norwin von Malm-ERFINDUNGSMELDUNG vom 19.01.06).
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