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Abstract
In this paper, the inorganic multi-layer 

encapsulation of thin film was newly adopted to 
protect the organic layer from moisture and oxygen. 
Using the electron beam, Sputter, inorganic multi-
layer thin-film encapsulation was deposited onto the 
Ethylene Terephthalate(PET) and their interface 
properties between inorganic and organic layer were 
investigated. In this investigation, the SiON SiO2 and 
parylene layer showed the most suitable properties. 
Under these conditions, the water vapor transmission 
rate (WVTR) for PET can be reduced from level of 
0.57 g/ /day (bare substrate) to 1*10-5 g/ /day 
after application of a SiON and SiO2 layer.  These 
results indicate that the PET/SiO2/SiON/Parylene 
barrier coatings have high potential for flexible 
organic light-emitting diode(OLED) applications. 

1. Introduction 
Organic Light Emitting Diodes (OLED) is a device 
which applied electric field to organic materials to 
replace electric energy with light energy. When a 
voltage is applied across the electrodes, holes are 
injected from the anode and electrons from the 
cathode. These carriers migrate through the organic 
layer until they meet and recombine to form an 
exciton. Relaxation occurs after it turns from the 
excited into the ground states, causing emission of 
light. OLED has many advantages of low voltage 
operation, self-radiation, light weight, thin thickness, 
wide view angle and fast response time comparing 
with existing liquid crystal display (LCD)'s 
weakness.  Therefore, it draws attention as a 
promising display and has already been developed for 

manufactured goods. Above all things, field of 
material has been making rapid progresses[1-13].
Differently with LCD, OLED needs more thin film 
transistors (TFT’s) per one pixel.  The top emitting 
method has been preferred to use to overcome this 
weakness rather than the bottom emitting method. 

The existing bottom emitting method is easy to 
protect device from oxide and moisture because light 
is not emitted on the anode surface. But the top 
emitting method needs care about the transmittance 
when the encapsulation layer is on the anode and 
damage of organic layer when the encapsulation layer 
is deposited.    
Thus in the method of the multi-layer, encapsulation 
and metal can that are mainly used before, it is 
difficult to apply to the top emitting OLED due to the 
damage of the organic emitting layer which is caused 
by a organic solvent in the former case and is blocked 
light in the latter case. Therefore, we developed the 
encapsulation layer which has a high transmittance 
without organic solvent.  

2. Experimental  
In this paper, 200  thick PET film is deposited in 
the order of Parylene/SiO2/SiON to find the 
permeability of the multi-layer thin film after washing 
in SC-1 solvent for about 300 sec and blowing with 
N2. Parylene is deposited by evaporation and solid-
state parylene dimer is evaporated at 150 C in this 
process. The evaporated dimer is decomposed into the 
monomer in the thermal-decomposing region at a high 
temperature (700 C) and then is flowed into the 
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chamber. So it gets deposited on the surface of 
devices forming polymer. 
Following the deposition of parylene, SiO2 is 
deposited by electron beam in the condition of Table 
1. Though a high-temperature deposition enhances a 
density of thin film and reduces defects of the surface 
so that the permeation is improved, the organic 
emitting layer can be damaged by a high temperature 
in the deposition process onto the electrode of devices, 
not onto the substrate of OLED. This is why a low-
temperature fabrication process is chosen to minimize 
the damage of organic emitting layer. In addition, the 
deposition is also performed faster than other 
deposition methods of the encapsulation layer to 
prevent damage which is caused by a high 
temperature of substrate in a slow and long-time 
deposition. 

Table 1. Deposited conditions used to fabricate SiO2
water barrier films. 

Parameters Conditions 

Deposition rate 7-8nm 

Temperature 30

Thickness 500nm 

SiON is deposited using the sputter in the condition of 
Table 2. The permeation is measured using 
PERMATRAN-W 3/33, MA of MOCON Inc. and the 
roughness of surface is measured using AFM. The 
deposed thickness of thin film is measured using 
Alpha Step and the transmittance of thin film is 
measured using Spectra Inc. 

Table 2. Deposited conditions used to fabricate SiON 
water barrier films. 

gas ratio 

O2 12 sccm 

Ar 1.2 sccm 

3. Result and discussion 
The encapsulation with high transmittance is essential 
to make a high efficient flexible OLED. In the 
existing bottom emitting method, organic and 
inorganic multi-layer structure is a mainstream. This 
kind of method can enhance the permeation easily. 
However the top emitting method, not the bottom 
emitting normally used, is difficult to apply to cathode 
of OLED exposed to air directly because of 
disadvantages which can be damaged by effects of the 
organic solvent when organic deposition and need 
high-temperature fabrication processes.  
In order to solve these issues, the thin film fabrication 
processes without the organic solvent should be 
developed. Moreover, the transmittance of the 
encapsulation layer is raised as an important issue 
because light pass through there. As shown in Fig. 1, 
the transmittance of parylene 5  is 90%. It shows 
that it doesn't have any problems to apply to the 
encapsulation layer of devices.   
In the case of the organic encapsulation, it has lower 
transmittance comparing with the inorganic. Thus the 
inorganic encapsulation is essential to shut out oxygen 
and moisture perfectly. To deposit the inorganic 
encapsulation layer in the several methods, the 
electron-beam and the sputter are available in 
atmosphere. The sputter is superior in the 
characteristics of the thin film. However, plasma 
particles can effect on the organic thin film. SiO2 is 
deposited using the electron-beam to settle these 
problems.  
SiO2 has good transmittance and abilities that can be 
deposited in many manners and bad permeation. In 
the other hand, SiN2 has good permeation and bad 
transmittance.  In this study, the optimized ratio 
between oxygen and nitrogen is experimented with 
SiON thin film.   
Figure 2 and Figure 3 show the transmittance of SiON 
thin film and the AFM image of SiON surface. The 
transmittance performs best when adding 10% of 
oxygen. Though it is not as good as SiO2 thin film, it 
is difficult to find difference within naked eyes. In 
addition, as shown in Fig 3, the surface of SiON thin 
film is generated considerably sleekly.  In the end, the 
permeation of the completed encapsulation layer 
measured by Ca-test approached about 1*10-5 g/
/day. This is an approximate value to goal of OLED, 
1*10-6 g/ /day.  
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Fig. 1. Transmittance of parylene 5 µm. 

Fig. 2. Transmittance of SiON according to O2 ratio.  

Fig. 3. AFM image of SiON surface. 

4. Conclusion 
In this paper, we research solvent-free multi-layer 
encapsulation of thin films on the PET substrates to 
make a high efficient and long lifetime flexible OLED. 
As a result, the performance is enhanced up to 1*10-5

g/ /day that this is hard to achieve through a single 
layer. Though this is not enough to satisfy a required 
value, outstanding performance is achieved by simple 
process using solvent-free method. Therefore, this is 
supposed to be very suitable to the top-emitting 
OLED that couldn't take the existing encapsulation 
layer.  
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