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Abstract 
In the fabrication of inverted top-emitting organic light 

emitting diodes (ITOLEDs), the sputtering process is 
needed for deposition of transparent conducting oxide 
(TCO) as top anode. Energetic particle bombardment, 
however, changes the physical properties of underlying 
layers. In this study, we examined plasma process effects on 
tungsten oxide (WO3) hole injection layer (HIL). From our 
results, we suggest the theoretical mechanism to explain the 
correlation between the physical property changes caused 
by plasma process on WO3 HIL and degradation of device 
performances. 

 
 

1. Introduction 
 

Inverted structure top-emitting organic light 
emitting diodes (ITOLEDs) would be more suitable 
than normal structure OLEDs for n-type thin film 
transistors (TFTs) backplane [1]. During the sputtering 
process to deposit the transparent conducting oxide 
(TCO) layer as top anode, however, the underlying 
organic layers could be damaged by energetic 
particles (ions and electrons) bombardment, heating 
and UV radiation [2], and consequently, the 
performance of ITOLEDs would be degraded. 
Recently, several transition metal oxides such as 
tungsten oxide (WO3), molybdenum oxide (MoO3), 
vanadium oxide (V2O5), and nickel oxide (NiO) have 
been used by many researchers as superior buffer 
layers [3,4,5]. Although the transition metal oxides 
protect somewhat the organic layers from energetic 
particles bombardment, the problem of device 
degradation still remains. In this work, the changes of 
physical properties of WO3 thin film after Ar plasma 
process were investigated to clarify the origin of the 
degradation in ITOLEDs performances. The 
correlation between the physical property variations of 
WO3 thin film and device degradation were 
investigated through the measurements of work 

functions of WO3 thin films and electro-optical 
characteristics of OLEDs and hole only devices. 

 
 

2. Experimental  
 

For the investigation of Ar plasma induced effect on 
WO3 thin films, we deposited 50nm WO3 thin films 
on glasses which were cleaned by ultrasonification in 
acetone and ethanol. After deposition, Ar plasma 
treatment was done with 40, 120 and 200 W RF power 
for 5 min. X-ray photoemission spectroscopy (XPS, 
Kratos AXIS-NOVA) measurement was utilized to 
characterize core level binding energies and atomic 
concentrations of WO3 thin films.  

To study the correlation between changes of 
physical and chemical properties on WO3 HIL after Ar 
plasma process and degradation of device 
performance, we fabricate the hole only devices with 
structure of indium tin oxide (ITO) (150 nm) / WO3 (5 
nm) / (N,N´-di(naphthalene-1-yl)-N,N´-diphenyl-
benzidine (NPB) (60 nm) / Al (100 nm). Prior to NPB 
deposition, Ar plasma treatments with the conditions 
described above were carried out on WO3 HIL. 
Inverted structure bottom-emitting OLEDs 
(IBOLEDs) with structure of ITO (150 nm) / Al (3 
nm) / 8-hydroxyquinolatolithium (Liq) (0.9 nm) / tris 
(8-hydroxyquinoline) aluminum (Alq3) (60 nm) / NPB 
(60 nm) / WO3 (5 nm) / ITO (10 nm) / Al (100 nm) 
were also fabricated. In these devices, top anode 
consisted of thin ITO layer deposited by sputtering 
process with various conditions, 20, 30, and 40 W DC 
power, and Al layer deposited by thermal evaporation 
method.  

The current density-voltage-luminance (J-V-L) 
characteristics of these devices were measured using a 
source measure unit (Keithley 236) and 
spectrophotometer (Photo Research PR-650). 
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Fig. 1. Current density-voltage characteristics of (a) IBOLEDs 
and (b) hole only devices with various plasma process 
conditions. 

 
 

3. Results and discussion 
 

As shown in Fig. 1 (a), we found the degraded J-V 
characteristics of IBOLEDs due to sputtering process 
for deposition of thin ITO top anode. As the DC 
power in sputtering process increased to 40W, 
operating voltage of IBOLEDs was increased and 
current efficiency was decreased. These results mean 
that energetic particle bombardment induced to 
change the physical and chemical properties of the 
underlying layers. 

To investigate the effect of plasma process on only 
WO3 HIL, except for organic layers, we fabricated 
hole only devices with WO3 HIL undergone Ar 
plasma irradiation and measured J-V characteristics of 
the devices. The hole only devices showed less J-V 
characteristics than that of the device without Ar 
plasma irradiation, in Fig. 1 (b). From these results, 
we suggest that the energetic particle bombardment 
during Ar plasma treatment could change the physical 
and chemical properties of WO3 HIL. 

To demonstrate the correlation between the 
degradation of device performances and the physical 
property changes of WO3 HIL, we measured work 
functions of WO3 thin films after Ar plasma 
irradiation with various conditions. As the RF power 
increased to 200 W, the work function of WO3 thin 
film was dramatically decreased from 5.2 eV to 4.4 
eV (Fig. 2 (a)). Due to lower shifted work function of 
WO3 thin film, as shown in Fig. 2 (b), the devices 
using WO3 HIL with Ar plasma process have higher 
energy barrier between WO3 HIL and NPB HTL than 
those without plasma process. As a result, hole 
injection from WO3 HIL to HTL could be decreased 
and J-V–L characteristic of devices could be degraded. 
 
 
 

 
 
 
 
 
 
 
 
 
 
Fig. 2. R.F. power dependences of work functions of WO3 films 
and (b) schematic energy band diagram of devices. 
 
 

4. Summary 
 

From our results, we suggest that Ar plasma 
treatment or sputtering process could change the 
physical properties of inorganic material HIL, WO3 in 
this study, as well as organic material layers. The 
bombardment effect could cause the formation of non-
stoichiometric WO3 thin film, so that change the band 
gap state of the WO3 thin film. And decreased hole 
injection to EML could degrade the electrical and 
optical characteristics of devices. 

In the past few years, many research groups have 
studied the property changes caused by plasma 
process on organic materials. On the other hand, the 
effect of plasma process on metal oxide HILs 
remained uncertain. Our investigation concerning the 
correlation between the WO3 HIL with plasma process 
and performances of OLEDs suggests the theoretical 
mechanisms to explain this phenomenon.  
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