ITO-free transparent top electrode for top emitting OLEDs
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Abstract: Organic light emitting diodes (OLED) are promising to be the next generation in lighting with a wide
range of applications. When applied on a non-transparent substrate the OLED has to be top emitting through a
transparent top electrode. For this electrode the use of a thin semi-transparent metal layer or a metal grid
embedded in PEDOT:PSS could be suggested. This report shows that the latter has a higher transmittance and
conductivity. The metal grids are ink jetted on the substrate. This non-contact deposition technique is well suited

for maskless patterning and roll to roll production.
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Introduction

The basic structure of an OLED consists out of an
organic layer sandwiched between two electrodes.
[1] When a voltage is applied across the OLED the
organic layer will emit light. One of the two
electrodes has to be transparent to perceive the
emitted light.

In bottom emitting OLEDs on glass or PET,
Indium Tin Oxide (ITO) is mostly used as a bottom
transparent electrode. 1TO however is becoming
more and more expensive due to low indium
reserves and causes crack formation on the surface
because of his high rigidity. [2][3] Furthermore it
cannot be used as a top electrode as the sputtering
process to apply the ITO uses a temperature that
would disintegrate the organic layer. [4] Two
possible candidates to serve as transparent contacts
were investigated: a thin semi-transparent metal
layer and a metal grid.

Results and Discussion

Thin gold layers from 1 to 15 nm were thermally
vaporized on glass. Silver grids (figure 1) with
different shapes, hexagon and triangle, and
different sizes were ink jet printed on glass.

To determine the conductivity the sheet resistance
of each layer or grid was measured with the Van
der Pauw set-up. With an UV-VIS measurement
the transmittance could be obtained. The sheet
resistance of the gold layers was typically between

3,2 and 123,7 /0 and the transmittance between
25 and 68 %. The grids showed a better result in
both conductivity with a sheet resistance between
0,82 and 2,7 Q/o and transmittance between 68 and
90 %.

Obviously the silver grids are the better choice.
However they have to be sintered at a temperature
of at least 130 °C that can cause damage to the
organic layers. Additionally the grids have to be
embedded in PEDOT:PSS which will decrease the
transmittance with about 5 %.

Figure 1: Silver grids.

Conclusions

As an ITO-free transparent top electrode both thin
semi-transparent metal layers or metal grids can be
used. Ink jetted silver grids show a better
conductivity and transmittance than vaporized thin
gold layers and are suitable for roll to roll
production. The sintering temperature of the grids
could cause the disintegration of the organic layers
of an OLED. Therefore OLEDs with these silver
grids will be produced to conduct more tests.
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