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Abstract 
Epoxy functionalized organic-inorganic hybrid materials 

(hybrimers) were synthesized by sol-gel reaction for 
application in OLED barrier coating. By using the calcium 
degradation method, the oxygen transition rate (OTR) and 
water vapor transition rate (WVTR) measured so far is 10-

2cc/m2-day for oxygen and 10-1g/m2-day for water 
molecules with single hybrimer coating film, respectively. 
Encapsulated OLED devices have life time of 14hrs of a 
single hybrimer barrier coating and 29hrs of 
hybrimer/inorganic double barrier coatings at 25℃ and 
60% relative humidity. 

 
 

1. Introduction 
 

OLED has been attracted attention for the next 
generation display such as a flexible display. However, 
their sensitivity to moisture and oxygen is restricted in 
applications[1]. Thus, many researchers have tried to 
fabricate high performance gas barrier materials[2,3]. 
The desired encapsulation materials must not only 
prevent oxygen and water molecules from OLED 
devices, but these are also transparent in visible region. 
To meet the impermeability requirements, the 
inorganic thin films which have excellent barrier 
properties widely used to the OLED barrier coating. 
However, they have many defects when it deposit on 
the flexible substrates. These, pinholes or cracks, can 
be act as oxygen and water molecules propagation 
channels. Consequently, to suppress crack generation, 
polymer and inorganic composite multi-layers (dyads) 
was used for high performance gas barrier films[4]. 
However, the fabrication process is too complicate 
and vacuum processes, which use expensive 
equipments resulting in high fabrication cost, are 
required.  

The organic-inorganic hybrid materials (hybrimers) 
synthesized by sol-gel condensation of organo-silanes 
have been introduced to be used as an optical 
dielectric materials in recent years[5]. It has been 

reported that hybrimers shows good barrier properties 
for water vapor, oxygen and flavors because these 
contain the polymerizable organic functional groups 
and highly condensed silica networks. In this study, 
we report the optimization of synthesis process for 
sample precursors and composition and permeability 
values (OTR and WVTR) of the hybrimer barrier 
coating films by using Ca degradation method[6]. 
Finally, we demonstrate the extended life times of the 
hybrimer barrier coated OLED devices in harsh 
condition. 

 
 

2. Experimental  
 

We prepared the hybrimer resin for OLED barrier 
coating by using sol-gel condensation. The 
cycloaliphatic-epoxy oligosiloxane was synthesized 
by a condensation reaction between [2-(3,4-
epoxycyclohexyl)ethyl]trimethoxysilane (ECTS, 
Fluka, USA) and diphenylsilanediol (DPSD, Gelest, 
USA), in various molar ratios without further 
purification; barium hydroxide monohydrate (BH, 
Aldrich, USA) was added as a catalyst to promote the 
reaction between the two precursors. Subsequently, 
arylsulfonium hexafluorophosphate salt 
(CYRACURE UVi-6992, Dow Chem, USA) was 
added as a cationic initiator for the photoreaction of 
cycloaliphatic-epoxy via UV light exposure. The 
typical amount of photoinitiator was 2 wt % of the 
total weight percent of epoxy-functional groups in the 
oligosiloxane resin. We added typical solvent, 
propylene glycol methyl ether acetate (PGMEA, 
Aldrich, USA) for controlling the thickness of coating 
samples. The resulting solution was deposited on the 
Ca deposited substrate by the spin coating method for 
measuring the permeability rate and then cured by UV 
exposure. The thickness of all barrier coating films 
were 2 µm.  

Also, we have fabricated the OLED devices on a 
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plasma-treated ITO glass substrates in a standard 
bottom-emitting structure based on 50 nm thickness 
N,N'-Bis(naphthalen-1-yl)-N,N'-bis(phenyl)-benzidine 
(NPB) as a hole transporting layer, 50 nm thickness 
Tris(8-hydroxy-quinolinato) aluminium (Alq3) as an 
emitting and electron transporting layer, and LiF/Al as 
a cathode. And then we spin-coated the encapsulation 
layer with 2 µm thickness on the top of the OLED 
devices. Subsequently, UV curing step was followed. 
All processes were done in the glove box. 

For measuring permeability of the hybrimer barrier 
coating films, we use the Ca degradation method. The 
advantages of the Ca degradation method for water 
vapor and oxygen permeation measurement system 
are like this; high sensitivity and suitable for oxygen 
and water vapor permeation studies, good spatial(?) 
and time resolution, providing permeability and 
diffusivity of the test samples and low cost and 
flexibility in designing the instrumentation with 
automatic computised measurements. To optimize the 
barrier properties of hybrimer barrier coating, we 
change the composition and types of precursors in the 
hybrimers. 
 

 
3. Results and discussion 

 
 The method used a resistance measurement to 
determine the degree of Ca corrosion. Assuming 
homogeneous corrosion of the Ca layer from the 
surface, the resistance R is inversely proportional to 
height h of the remaining metallic calcium, because 
oxidized Ca salts are insulators. 
 

Equation 1 
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where ρ denotes the Ca resistivity, l is the length and 
b is the width of the Ca layer. The permeation rate P 
through the barrier coating layer is proportional to the 
slope of the conductance curve 1/R, plotted versus 
measurement time t 
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where n is the molar equivalent of the degradation 
reaction, M (reagent) and M (Ca) are the molar 

masses of the permeating reagent and of Ca, 
respectively, and δ is the density of Ca. 

Figure 1 (a) and (b) shows the plot of the normalized 
resistivity (R0/R) versus time of a single hybrimer 
barrier coating film with and without polyols as a 
cross-linker at 3atm oxygen atmosphere. The network 
density decrease with addition of polyols, but the 
OTR was improved. This supports the assumption that 
increase in polarity, cause by polar molecule polyol, 
had main influence on the OTR. From figure 2, the 
permeability of samples can calculate from the slope 
of the graph in the steady state and the equation2. The 
calculated permeability for oxygen is 4.76 ×10-5 cc 
/m2 day (3atm, 23oC, 0% RH) even higher than EVOH 
films (P= 10-3, 1atm, 23oC, 0% RH).  

 
Figure 1. The plots of the normalized resitivity 
(R0/R) versus time of a single hybrimer barrier 
coating film without (a) and with polyols (b) as a 
cross-linker at 3atm oxygen atmosphere. 
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Figure 2 shows the plot of the normalized resitivity 
(R0/R) versus time of a single hybrimer barrier coating 
film at 23oC, >90% RH with various composition and 
types of precursors. The permeability of samples is 
varied from 0.75 to 0.45 g/ m2 day. The density (cross-
linking and degree of condensation between 
precursors) of samples is ED33<ED41<ED50<ED60 
one after another. This result indicates that the WVTR 
is mainly depending on the density of the barrier 
coating films. And we also know the hybrimer barrier 
coating films have very low diffusivity (6.68*10-16 
m2/sec). However, permeability is relatively low than 
OTR because the water vapors is more reactive with 
Ca than oxygen and the solubility of water molecules 
of the hybrimer is quite lower than that of oxygen. 
 

 
Figure 2. The plots of the normalized resitivity 
(R0/R) versus time of a single hybrimer barrier 
coating film at 23oC, >90% RH with various 
composition and types of precursors  
 

Figure 3 shows the OLED device luminescence and 
applied voltage against measuring time at 23oC, 60% 
RH with a single hybrimer barrier coating film. We 
tested the hybrimer coating film as a gas barrier of the 
OLEDs.  

All devices were initially tested under inert 
atmosphere prior to encapsulation samples. There was 
little degradation of encapsulation OLEDs. Applied 
voltage of 100cd/m2 was from 4.5V of initial state to 
4.65V of encapsulated OLED devices. We believe this 
degradation of encapsulated OLED devices originated 
from UV light and a solvent. The life time of OLEDs 
were measured in the chamber that was maintained at 
25℃ and 60% RH. And we defined life time of 

OLED devices as the time when the luminescence and 
the applied voltages has shrunk to 50% of its initial 
value. The life time of the reference sample, un-
capped OLED device, was 9hrs in harsh conditions. 
From the result of accelerated environmental test for 
thin-film encapsulation consisting of one and two 
layers, the life time of encapsulated OLEDs were 
14hrs of a single hybrimer barrier coating and 29hrs 
of the hybrimer and inorganic double layer coating 
samples. The life time of encapsulated OLEDs 
increases about 1.5 times of a single hybrimer layer 
and 3 times of hybrimer and inorganic double layers 
relate to that of reference devices, respectively.  
 

 
 
Figure 3. The plots of life time of 100cd/m2 versus 
luminescence (a) and applied voltages (b) of 
encapsulated OLEDs at 25℃, 60% RH.  

 
 

4. Summary 
 

We demonstrate noble organic-inorganic hybrid 
materials (hybrimers) synthesized by sol-gel reaction 
for the gas barrier coating film of OLED devices. By 
using the calcium degradation method, the oxygen 
transition rate (OTR) and the water vapor transition 
rate (WVTR) measured so far is10-2cc/m2-day for 
oxygen and 10-1g/m2-day for water molecules with a 
single hybrimer coating film, respectively. The life 
time of encapsulated OLED devices of 100cd/m2 at 
25℃ and 60% RH was improved 1.5 times relate to 
the un-capped devices.  

Although the increase of life time of encapsulated 
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sample is still low, the work is underway to improve 
the water vapor barrier performance in order to use 
these materials to the roll-to-roll processes and 
flexible display.  
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