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Abstract 
A pixel isolation wall of liquid crystal display is 

fabricated by the anisotropic photoreaction of a cinnamate 
based prepolymer. The various oligomers containing a 
cinnamate moiety were synthesized and used for the 
formation of the pixel isolation wall. The anisotropic 
photoreaction of cinnamate moiety was closely related with 
the liquid crystal orientation at the polymer wall boundary. 
 

1. Introduction 
 

 Flexible displays have several important features of 
lightweight, thinner packing, bending capability, and 
portability. Especially, a flexible display based on a 
liquid crystal (LC) has been extensively studied and 
widely used because of low power consumption. For 
flexible LC displays, the mechanical stability and the 
uniform cell gap between two plastic substrates are 
critical factors for retaining the long-term LC alignment 
against external perturbations such as pressure, a 
bending distortion, and a mechanical shock. In order 
to solve these problems, several types of polymer wall 
or network as supporting structures have been 
investigated. These structures were fabricated using a 
phase separation method from polymer and LC 
composite systems by applying a patterned UV 
exposure.  
Pixel-isolated LC (PILC) mode is one of the 
representative fabrication methods for flexible LC 
displays. In this structure, LC molecules are isolated 
in pixels surrounded by inter-pixel vertical polymer 
walls. This mode shows not only good mechanical 
stability but also almost the same optical behavior 
with respect to the normal LC mode. However, the 
molecular orientation of LC molecules at the 
boundary of a polymer wall is disturbed by the 
interaction between the LC molecules and the 
polymer wall. The disturbed orientation of LC 

molecules induces the light leakage in the dark state at 
the boundary of polymer wall and the contrast ratio of 
LC is decrease. 
In this work, we proposed the anisotropic 

photoreaction based UV-curable prepolymer system 
for a pixel isolation wall in order to improve the light 
leakage problem at the boundary of polymer wall. The 
cinnamate moiety, well known for the photo-
dimerization reaction by UV exposure, was 
introduced to prepolymer and the prepolymer showed 
the anisotropic photo-dimerization reaction of the 
cinnamate moiety by polarized UV exposure. Polymer 
wall of the prepolymer containing cinnamate moiety 
was formed by the irradiation of polarized UV light 
and the light leakage at the boundary of the polymer 
wall was reduced.  

 

2. Experiments 

 

In order to introduce the cinnamate moiety on the 
prepolymer system, the cinnamate moiety was 
attached to the flexible chain. EHA prepolymer 
(EHA1) for photo-induced phase separation was 
prepared by mixing photoinitiator (Darocur4265, 
Aldrich), crosslinker (polyethyleneglycol diacrylate, 
PEGDA, Aldrich), and monomer (EHA, Aldrich). The 
composition of EHA1 was summarized on Table 1. 

Table1. EHA based curing prepolymer : EHA1 
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Figure 1 shows the chemical structure of the PEG 
based cinnamate oligomer (PEG-diCi). The PEG-diCi 
was mixed with the EHA1 with a weight ratio of 5:95 
and10:90. 
 

 
Figure 1. Chemical structure of PEG-diCi 

 

LC cell was fabricated with anti-parallel 
configuration in order to measure the LC ordering. 
Polarized microscope images were observed to the 
pixel isolation wall structure of the prepared LC cell. 
The polar plot of polarized light transmittance at 
633nm according to the rotation angle of LC cell 
between two cross polarizers was also obtained in 
order to investigate the LC ordering. In order to 
investigate the surface energy of prepolymers, the 
water contact angle on the cured prepolymer. 

To fabricate the LC cells with polymer wall, we 
prepared the mixture of LC (E7, Merck) and the 
prepared prepolymer with a weight ratio of 50:50. The 
LC cell was prepared by using indium-tin-oxide (ITO) 
coated glass substrates. A polyimide solution was spin 
coated on the ITO glass and rubbed. The cell gap 
between the two ITO glasses was maintained to be 
5㎛ by using polystyrene spacers. The mixed 
LC/prepolymer was injected into the empty cell by the 
capillary effect at 100℃, above the clearing 
temperature. In order to cure the prepolymer, UV light 
with 10㎽/㎠ was exposed for 1200 sec through a 
photomask while maintaining the sample temperature 
at 100℃. The photomask had patterned 300×300㎛2 
dark square patterns with 30㎛ spacing. In order to 
induce the anisotropic photoreaction of the cinnamate 
moiety, the linear polarizer was used for the UV 
exposure.  

3. Results and discussion 
 

A complete theory of the anisotropic phase 
separation by UV exposure would describe the 
evolution of the PILC structure in terms of the spatial 
and temporal distributions of LCs, prepolymers, 
polymers, and all intermediate oligomers. In order to 
control the PILC structure, the control of the 
distributions of LCs and prepolymer is required. In 
our work, the effect of prepolymer composition and 
UV irradiation method on the PILC structure was 
investigated. 

In order to investigate the photo-induced LC 
alignment property of the prepolymer containing 
PEG-diCi, we have observed the polarized optical 
microscope images of the LC cells prepared by using 
polarized UV irradiated the EHA/PEG-diCi 
prepolymer (Figure2). In the case of EHA1, LC phase 
showed the Schiliren texture, which means the 
random ordering of LC molecules. However, the 
EHA1/PEG-diCi blend showed the LC orientation 
regardless of the amount of PEG-diCi. Increasing of 
the amount of PEG-diCi induced higher ordering of 
LC molecules. The declination line, which called Neel 
Wall, was also observed in the polarized optical 
microscope images. The width of Neel Wall was 
different in accordance with the amount of PEG-diCi. 
 

  

Figure 2. Polarized optical microscope images of LC cells by using 
polarized UV irradiated EHA/PEG-diCi prepolymer: (a) EHA1 (b) 
PEG-diCi 10%, (c) PEG-diCi 30%, (d) PEG-diCi 50%, (e) PEG-diCi 
100% .  
 

 

The azimuthal anchoring energy could be calculated 
from the equation 

E = 2dK11/W2 
where d is the cell gap, K11 is splay elastic constant of 
LC, and W is the width of Neel Wall.  
Figure 3 shows the azimuthal anchoring energy of the 
blend of EHA1 and PEG-diCi as a function of the 
amount of PEG-diCi. 
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Figure 3. Azimuthal anchoring energy of prepolymer LC alignment  
layer. 
 

In accordance with micro scope images, the azimuthal 
anchoring energy was increased with increasing the 
amount of PEG-diCi. In spite of small amount of 
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PEG-diCi, EHA1/PEG-diCi blend containing 10wt% 
PEG-diCi induced the LC orientation. From this 
result, it was found that PEG-diCi has LC alignment 
property induced by polarized UV irradiation. 

In order to explain the distribution of PEG-diCi in, 
EHA1/PEG-diCi blend, the water contact angle on the 
UV cured prepolymer film was observed. Figure 4 
showed the water contact angle of the blend film as a 
function of the amount of PEG-diCi.  
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Figure 4. Contact angle of the blend film as function of the weight 
ratio of PEG-diCi.  
 

 

Pure EHA1 exhibited higher water contact angle 
compared with, EHA1/PEG-diCi blend and pure 
PEG-diCi. EHA1/PEG-diCi blend show similar water 
contact angle regardless of PEG-diCi amount and this 
means that the PEG-diCi is distributed in the surface 
of cured prepolymer film. This phenomenon might be 
attributed to the higher surface energy of PEG-diCi.  

In order to investigate the phase separation behavior 
of multi-component prepolymer, the polarized optical 
microscpe images of PILC structure formed by using 
multi-component prepolymer was observed (Fig. 5). 
 

 
Figure 5. Polarized optical microscope images of PILC structure 
formed by using multi-component prepolymer: (a) acrylate monomer 
only, (b) cinnamate oligomer 5 wt%, (c) cinnamate oligomer 10 wt%. 
 
 

Without PEG-diCi, the thickness of the polymer wall 
was smaller than the pattern size of the UV mask 
(30㎛) and the polymer wall was uneven. On the other 
hand, in the case of the prepolymer containing a PEG-
diCi, the thickness of the polymer wall was thicker 
than that of the acrylate prepolymer system and the 
thickness was increased with increasing the amount of 

PEG-diCi. The interface between the polymer wall 
and a LC was also smoother than that of the acrylate 
prepolymer. By using the photo-curable aromatic 
oligomer for the prepolymer system, the phase 
separation behavior between a LC and the prepolymer 
was controlled and the polymer wall structure was 
enhanced. 
In order to investigate the effect of photo-induced 

LC alignment property of PEG-diCi on the light 
leakage at the polymer wall boundary, the polarized 
optical microscope images of the pixel isolation wall 
structure of LC cell by using EP05 (EHA:PEG-diCi 
=95 :5) and EP10 (EHA:PEG-diCi=90 :10) was 
observed (Figure 6). From this result, it was found 
that the polarization direction of UV exposure was 
closely related with the light leakage phenomenon at 
the boundary of the polymer wall and the degree of 
phase separation between LC and prepolymer was 
enhanced with increasing UV-exposure time. In the 
case of unpolarized UV exposure, the light leakage in 
the dark state at the boundary of a polymer wall was 
observed. On the other hand, the in the case of LC cell 
prepared by irradiation of polarized UV parallel with 
rubbing direction, the light leakage was remarkably 
reduced. The anisotropic distribution of the photo-
dimerized PEG-diCi formed by polarized UV might 
induce the selective orientation of LC molecules at the 
boundary of the polymer wall and this could be the 
reason for the reduction of the light leakage. 
 

 
Figure 6. Polarized optical microscope images of a pixel isolation wall 
formed by EP05 and EP10, prepolymer irradiated with (a),(d) 
unpolarized UV, (b),(e) polarized UV parallel with rubbing direction, 
(c),(f) polarized UV perpendicular to rubbing direction.  
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However, the polymer wall formed by the polarized 
UV perpendicular to rubbing direction shows 
increased light leakage at the boundary of polymer. 
EP05 and EP10 show the same tendency. However, 
contrary to the EP05, phase separation of the EP10 
was not completely segregated due to the short UV-
exposure time. 

In order to investigate the LC ordering, degree of LC 
ordering was obtained. Figure 7 shows the degree of 
LC ordering of the LC cells made of EP05 and EP10. 
The degree of LC ordering S was calculated by the 
equation,  

S = (1-Tmin)/(1+Tmin) 
where Tmin means the minimum relative intensity of 
transmitted light. 

From this result, it was found that the LC cells of 
EP05 and EP10 irradiated with a polarized UV 
parallel with rubbing direction showed higher degree 
of LC ordering compared with the unpolarized UV 
and polarized UV perpendicular with rubbing 
direction. This means that the light leakage of the LC 
cell irradiated by the polarized UV parallel with 
rubbing direction is weaker than that of the 
unpolarized UV and polarized UV perpendicular with 
rubbing direction. It was found that the light leakage 
phenomenon at the boundary of the polymer wall 
formed by parallelly polarized UV irradiation was 
remarkably reduced. 
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Figure  7 . Degree of LC ordering of LC cell made of EP05 and EP10 
LC alignment layer. 
 
 

4. Summary 

 
We demonstrated a pixel isolation is LC device by 

incorporating UV-curable cinnamate oligomer. By 
photo-induced LC alignment property of the 
cinnamate oligomer, an excellent anisotropic phase 
separation between the prepolymer containing 
cinnamate moiety and the LC was achieved. The 
prepolymer system containing cinnamate moiety for 
the pixel isolation wall was very effective for the 
enhancement of the light leakage problem of the 
flexible LC based on the PILC mode. Anisotropic 
photoreaction based prepolymer system also could be 
utilized for the various optical film applications. 
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