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Organic Light Emitting Diodes (OLEDs), either based on polymers or small molecules, suf-
fer from early failure: an unpredictable sudden increase in current with a total loss of light 
output. This project addressed this reliability issue using a combination of electro-optical 
measurements. A diagnostic tool able to predict premature failure of OLEDs was devel-
oped. 

 Fig. 1 (a) Schematic of the used OLED stack. (b) Schematic of the experimen-
  tal setup.

GENERAL MOTIVATION AND OBJECTIVES
The aim of this project was to understand the physical origin of 

the premature failure of OLEDs. The work carried-out addressed 
the early stages of degradation using small-signal impedance mea-
surements and electrical noise techniques.  The physical origin of the 
degradation was attributed to the formation of a resistive switching 
layer near the electrodes.
A second objective was to obtain insight about the physical origin 

of memory effects in non-volatile memory devices. This is extremely 
relevant to develop NAND-flash non-volatile circuitry based on re-
sistive switching phenomena.

CHALLENGE
OLEDs either based on small-molecular or polymers have been 

studied extensively for their potential applications in flat panel dis-
plays. OLED quality has been extensively improved during the last 
two decades. Power efficiency has been increased, threshold volt-
age lowered, brightness improved, and operational lifetime enhanced. 
However, OLEDs as luminaries need a reliability of luminaries. A con-
servative figure is 15 years. The technology has not reached its peak 
mainly because of prevailing degradation mechanisms such as the 
dark spot formation and the gradual decrease of performance with 
current passing through the device, e.g. intrinsic degradation. This 
project has proposed an electrical noise method together with small 
signal impedance measurements to arrive to a diagnostic criterion.  
A non-invasive diagnostic tool able to predict OLED premature 

failure was developed in collaboration with Philips Research Labora-
tories in Eindhoven.

WORK DESCRIPTION AND ACHIEVEMENTS

In this project we studied a degradation mechanism in OLED called 
sudden death; a catastrophic failure that has been extensively report-
ed and attributed to an irreversible electrical short. The findings have 
shown that sudden death in OLEDs can also be a reversible process. 
The pristine bipolar device does not become electrically shorted, but 
suddenly transforms into a unipolar hole-only diode. This is con-
cluded by the interlayer LiF change from an electron-injecting n-
type to a hole-injecting p-type contact, as confirmed through small-
signal analysis and current-voltage characteristics. Upon applying a 
high voltage the original diode is restored, manifesting the dynamic 
switching of the LiF contact.

The observation of optical blinks and current fluctuations suggests 
that during the OLED degradation a thin resistive switching layer be-
gins to be formed near the electrodes.

The findings in this project have also contributed to elucidate the 
physical origin of the resistive switching effects in polymer/oxide sys-
tems. Many metal-insulator-metal (MIM) systems show nonvolatile, 
electrically induced resistive switching and have been proposed as 
replacements for standard NAND-flash non-volatile circuitry. A large 
variety of materials can give rise to resistive switching including or-
ganic semiconductors. The operating mechanism of organic memory 
cells is under intense investigation.

During the Bistable project we have developed a model that can 
account for the electrical bistability. According to this model the poly-
mer introduces an internal polymer/oxide interface, where charges 
can condense into 2D charged double layer. The model predicts the 
coexistence of a mainly neutral and a mainly ionized phase. The two 
phases have a different work function which automatically leads to a 
nonvolatile memory exhibiting filamentary conduction with a nega-
tive differential resistance.  The model is expected to be generally ap-
plicable to any bilayer system that shows unipolar resistive switching.

 

 Fig. 2 Figure 2. Electrical characteristic of a faulty OLED.  The OLED behaves as a 
  memory with two conduction states and region with negative differential re- 
  sistance.


