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Abstract— In this contribution, the most relevant and recent 
progress on ITO-free organic devices will be reviewed. To illustrate 
some of the challenges present, we have focused on a specific device, 
namely the organic light-emitting diode (OLEDs). The possibility to 
use thin metal layer as a substitute to ITO will be investigated in 
detail. 
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I. INTRODUCTION  

Since the discovery of conductivity in polymers and certain 
organic molecules, remarkable progress has been made in 
synthesizing organic materials, in understanding their properties 
and in developing them for use in electronic and optical devices. 
Currently, organic light-emitting diodes (OLEDs), photovoltaic 
cells (OPV) and field effect transistors (OFT) are being pushed 
towards commercialization. But other interesting applications 
are emerging such as RFID tags (radio frequency identification), 
memory devices, sensors, single-use diagnostic devices and 
more, which represent a future multi billion market. A principle 
advantage of organic electronics is that large, flexible substrates 
can be used. Polymer films (like polyester) are most widely used 
today, but paper, cardboard, thin glass and stainless steel are also 
prominent candidates. 

A successful entry of organic devices into the general market 
requires, apart from high performance levels, a significant cost 
reduction of the devices. One of the limiting factor for the 
industrial implementation of organic devices is the use of indium 
tin oxide (ITO) as bottom electrode, which apart from being an 
expensive and scarce material also requires high temperature 
process for obtaining thick layers ideal for device application 
(Fig. 1). Therefore various alternatives with high conductivity 
and transparency have been studied to function as the anode. 

We will give here a brief report of the various approaches 
investigated recently. In addition, our recent proposal and 
demonstration of thin metal layers as substitute to ITO for 
OLEDs will be discussed. 

 

II. ORGANIC L IGHT-EMITTING DIODE  

In the last decades organic light-emitting diodes (OLEDs) 
have been extensively investigated as the potential next 
generation technology for flat-panel display and lighting. The 
interest in this technology has been triggered due to the reports 
of new breakthroughs in device efficiencies, lifetimes, and 
achievable colors, including white [1].  
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Figure 1: Schematic of the multilayer organic light-emitting device with the 
ITO as bottom electrode. EML is the emissive layer, ETL the electron transport 

layer and HTL the hole transport layer, all layers being organic. 

An established method to obtain efficient OLEDs is use of 
multilayered device structures, consisting of many layers of 
organic semiconductor materials with different energy levels and 
functionalities, such as carrier transport, emission, and carrier 
blockage (Fig. 1). In such devices, indium-tin oxide (ITO), 
owing to its high optical transparency, good hole-injecting and 
commercial availability, has been used exclusively as a standard 
anode particularly for bottom emitting OLEDs. The surface of 
ITO glass is, however, chemically and physically ill-defined, 
which causes the detriment of its performance as the hole-
injecting electrode in OLEDs. For example, its work function is 
known to dramatically depend on surface treatment methods and 
conditions. It has been reported that various species from the 
ITO will diffuse into the organic semiconductor layers leading to 
degradation in device performance.  

A first approach to overcome several ITO limitations 
consisted in using thin metal layers (Ag, Cr) on top of ITO [2,3]. 
This double layer metal-ITO anode leads to an enhancement of 
the light output, even if its transmittance is lower than that of a 
single ITO layer. The metal-ITO anode is more favourable to 
device operation because of its optimized surface topography 
which leads to longer device lifetime. Adding a metal with a 



 

high work function to the ITO surface is then considered as a 
method with great potential for OLED applications. However for 
metal-ITO anode, improvement was observed only in hole 
injection efficiency, but not in power efficiency. This clearly 
implies reduced quantum efficiency, which is undesirable. 
Furthermore, such metals are only semitransparent, hence 
diminishing potential gains in efficiencies resulting from the 
metal buffer layer, while still using a thick ITO layer as part of 
the electrode. To be able to achieve ITO-free devices, extensive 
efforts have been made towards finding superior transparent 
conductive oxides (TCO) with no or little In. TCOs are usually 
n-type conductors either in a pure state or doped and in principle 
guarantee good charge injection, high transparency, good 
electrical conductivities, tunable morphology and the possibility 
of deposition on large areas with low cost techniques. Recently 
interesting results have been reported either using them like 
anode or cathode in the device [4]. A promising material is Al 
doped Zinc Oxide (ZnO) or AZO, which might replace ITO due 
to its high transmittance and low sheet resistance [5]. Still, a 
relatively thick layer of around 100nm is needed in order to 
obtain such a low sheet resistance and further work is needed to 
optimize its deposition. However, the most appealing examples 
of the use of this class of compounds are as air-stable electrodes 
in hybrid LEDs (HyLEDs) [6] where very efficient devices have 
been reported, but unfortunately, such approach still requires the 
use of ITO. The closest that has been achieved so far in using 
ITO free contact is the recent work by J. Meiss et al [7]. They 
have shown that multilayer metal contact made of ultra thin 
thermally evaporated Al and Ag films can be used for the top 
contact of an inverted organic bulk heterojunction solar cells 
obtaining up to 2.2 % in efficiency. 

III.  THIN METAL FILMS TO REPLACE  ITO AS ELECTRODES  

In this work, we have investigated the possibility of using a 
thin nickel layer instead of ITO as anodes for bottom-emitting 
organic light-emitting diodes [8]. Identical single-layer devices 
based on a blue-emitting polymer were fabricated as bottom-
emitting diodes, and equipped with either an ITO or nickel hole 
injecting electrode. The sputtering fabrication process gives very 
smooth, continuous and conductive nickel films, even for a film 
thickness as low as 4 nm. Metal films with a thickness between 
50 and 100 Å are routinely used to prepare semitransparent 
contacts for a variety of optoelectronic devices [9]. Similar 
transmittance performance as for TCOs can actually be achieved 
if the metal film thickness is low enough (down to a few tens of 
angstroms) [10]. In addition, metals intrinsically show a 
significantly lower resistivity with respect to TCOs, even when 
they are very thin.  

It was demonstrated that similar efficiencies were reached 
for devices with either ITO or nickel films less than 10 nm [8]. 
The thin nickel films show higher roughness, higher square 
resistance and a lower transmittance of about 2.5 times 
compared with ITO. These characteristics lead to a less efficient 
hole injection in the nickel-based device, which results in lower 

current densities at a given voltage and a slightly higher 
threshold voltage than the ITO-based device. Nevertheless, 
similar luminance levels were obtained for ITO-based and 
nickel-based devices. Most importantly, no optical modes could 
be observed within the nickel layer because the film is too thin 
for a light trapping mechanism. Lifetime measurements of the 
devices are underway 

Another important aspect of the ITO-free electrode is the 
possibility to be deposited on flexible substrates. Preliminary 
work has been done in this direction, using flexible polyethylene 
terephtalate (PET) substrates. So far, the nickel films deposited 
on PET show good quality and good properties as on glass. 
Devices are now being implemented. 

IV.  CONCLUSION 

In this paper, we have reported recent advances on ITO-free 
electrode for organic devices, focusing mainly on OLEDs. We 
have shown how thin nickel films could provide a route to ITO-
free devices, as a semitransparent anode material for bottom-
light-emitting diodes, with several advantages including simple 
deposition, no need for post-deposition treatment and lower cost. 

ACKNOWLEDGMENT 

This work was carried out with the financial support of the 
Spanish Ministry of Education and Science through grant 
TEC2006-10665/MEC, TEC2007-60185 and the Consolider- 
Ingenio CSD2007-00007 and through the Ramon y Cajal 
program. 

REFERENCES 
 

[1] S. Reineke, F. Lindner, G. Schwartz, N. Seidler, K. Walzer, B. Lüssem, K. 
Leo, “White organic light-emitting diodes with fluorescent tube efficiency“ 
Nature vol. 459, pp. 234-238, 14 May 2009. 

[2] R. Meerheim, R. Nitsche, K. Leo, “, Appl. Phys. Lett. vol. 93, pp. 043310-
043313, 2008 

[3] Y. Shen, D. B. Jacobs, G. G. Malliarias, G. Koley, M. G. Spencer, Adv. 
Mat. vol. 13, pp. 2131-2138, 2001.  

[4] K. Morii, M. Ishida, T. Takashima, T. Shimoda, Q. Wang, M. K. 
Nazeeruddin, M. Graetzel, Appl. Phys. Lett. “” vol. 89, pp. 183510-
183513, 2006.   

[5] J. Meyer, P. Görrn, S. Hamwi, H.-H. Johannes, T. Riedl, W. Kowalsky, 
Appl. Phys. Lett. vol. 93, pp. 073308-073311, 2008. 

[6] H. J. Bolink, E. Coronado, J. Orozco, M. Sessolo, Adv. Mat. vol. 20, pp. 1-
8, 2008. 

[7] J. Meiss, M. K. Riede, K. Leo, “Towards efficient tin-doped indium oxide 
(ITO)-free inverted organic solar cell using metal cathodes”, Appl. Phys. 
Lett. vol. 94, pp. 013303-1 – 3303-3, 2009. 

[8] D. Krautz, S. Cheylan, D. S. Ghosh, V. Pruneri, “Nickel as an alternative 
semitransparent anode to indium tin oxide for polumer LED applications”, 
Nanotechnology vol. 20, pp..275204-275210, 2009.  

[9] R. A. Hatton, M. R. Willis, M. A. Chesters, D. Briggs, “”, J. Mater. Chem. 
vol. 13, pp. 13722-13725, 2003. 

[10] D. S. Ghosh, L. Martinez, S. Giurgola, P. Vergani, V. Pruneri, “Widely 
transparent electrodes based on ultrathin metals”, Opt. Lett. vol. 34, pp. 
325-327, 2009.  


