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 Abstract 

We propose advanced liquid crystal display (LCD) 

modes through surface modification using UV curable 

reactive mesogen (RM) mixed with alignment layers. The 

LC directors on the modified alignment layer are 

controlled and memorized by the polymerized RMs 

under an applied voltage. Using the method proposed 

here, we can improve the response time and viewing 

angle characteristics through surface controlled 

patterned vertical alignment (SC-PVA) mode and 8-

domains PVA mode, respectively. Also, we found that the 

method can be applicable to fabricate multi-domain 

structures using multiple UV exposure as same as 

conventional UV alignment method. 
 

 

1. Introduction 

 

The liquid crystal displays (LCDs) have been 

extensively studied and used for a wide range of 

display applications such as mobile phones, LC 

monitors, televisions, etc. because of their high image 

qualities with low power consumption. For high 

display performance, various approaches have been 

taken for controlling the alignment and orientation of 

LC molecules because they play an important role in 

electro-optic characteristics of LC displays. And using 

the controlling methods of alignment of LC molecules, 

many kind of LCD modes such as in-plane switching 

(IPS) [1,2], multi-domain vertical alignment (MVA) 

[3-5], and patterned vertical alignment (PVA) [6,7] 

have been developed for wide viewing angle, high 

contrast ratio and fast response characteristics by 

controlling alignment and orientation of LC molecules. 

Among them, PVA mode are very useful modes for 

large size LCD applications due to rubbing free 

fabrication process, high contrast ratio at normal 

direction, and wide viewing angle characteristics 

through multi-domain structures controlled by a fringe 

field effect from patterned electrodes. However, they 

have drawbacks such as low transmittance and slow 

response time, particularly for rising time due to the 

formation of disclination between the LC molecules in 

the presence of an electric field.  

Recently, Kim’s et al. [8] proposed polymer-

stabilized PVA (PS-PVA) mode using the mixture of 

LCs with reactive mesogen (RM) [9] to generate the 

pretilt angle and improve the response time 

characteristics. In the PS-PVA mode, the pretilt angle 

is generated by polymerized RMs through UV 

exposure in the presence of an electric field and 

governs the rotational direction of LCs. As a result, 

the threshold voltage and response time could be 

reduced. But since the remaining uncured RM 

monomers in the LCs could be acted as impurities, 

image degradations could be generated. 

In this paper, we presented advanced LCD modes 

through surface modification using UV curable RM 

mixed with alignment layers. The pretilt and 

azimuthal angles of LC molecules are determined and 

memorized on the alignment layer by polymerization 

of RM monomer through UV exposure in the presence 

of electric field. So, when the electric field is applied, 

the rising/falling direction of LC molecules is well 

defined without any other alignment process and that 

make possible to improve the response time 

remarkably. Since our proposed method using RMs 

mixed with alignment layers is possible to be adopted 

into all kinds of LCDs, it is very useful to improve the 

display performance and design new LC modes. In 

this paper, we will focus to describe the VA modes 

using proposed method. 
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2. Experimental  
 

Figure 1 shows the schematic diagram of surface 

controlled PVA (SC-PVA) mode and fabrication 

processes. The mixture of the vertical alignment 

material AL60101 (JSR) and RM monomers with 

proper weight ratio was coated on both patterned ITO 

substrates. The cell gap was maintained with 3.0 μm 

and filled with LC (Merck).  

 
 

 
 

Fig. 1. The schematic diagram of SC-PVA mode 

and fabrication processes. 

 

 

Without applying voltage, the LC molecules were 

aligned vertically due to AL60101 and the RM 

monomers were distributed randomly in the alignment 

layer. When we applied voltage larger than threshold 

value (Vth), the LC molecules are tilted downward 

due to the negative dielectric anisotropy in four 

different diagonal directions as same as that of a 

conventional PVA mode. The RM monomers 

possessing a LC phase are well dissolved in the LCs. 

In such situation, the RM monomers which have some 

fluidity are aligned along the LC molecules on the 

alignment layer to reduce the excluded volume. At 

this state, the cell was exposed to the UV light. Then 

the RM monomers are polymerized with certain 

direction which is controlled by the strength of 

electric field, and thus generated pretilt and azimuthal 

angles are memorized on the alignment layer. The 

memorized pretilt and azimuthal angles are 

maintained even after removing the voltage.  
 

 

3. Results and discussion 
 

The voltage-transmittance (V-T) curves of 

conventional PVA cell and SC-PVA cells fabricated 

with different curing voltages were shown in Fig. 2. In 

the SC-PVA case, the V-T curve shifts to left to 

compare with conventional PVA cell, that is, the 

threshold voltage decrease, which implies that the 

pretilt angles are introduced and those amounts are 

depend on applied voltage during UV exposure 

process. So, if too high voltages are applied, the 

contrast ratio is reduced since the effective retardation 

makes a light leakage at the dark state.  

 

 
 

Fig. 2. The V-T characteristics of the conventional 

PVA cell and SC-PVA cell. 

 

 

In order to investigate the stability of LC 

reorientation with applied voltage, we compared time-

resolved LC textures of a conventional PVA with SC-

PVA cells as shown in Fig. 3. In the conventional PVA 

cell, the texture shows defects which make slow 

response time during the switching [Fig. 3(a)]. The 

defects are produced by the uncontrolled tilting 

direction of LC molecules between patterned 

electrodes because the pretilt angle is 90 degrees in 

this area. On the contrary, SC-PVA cell shows uniform 

texture during the switching as shown in Fig. 3(b) due 

to the pre-defined pretilt angle by polymerized RM. 

The result clearly indicates that the proposed mode 

minimizes the formation of defects and improves the 

rising time, as shown in Fig. 4.  
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Fig. 3. The time-resolved microscopic textures for 

(a) a conventional PVA mode and (b) a 

proposed SC-PVA mode. 
 

 

 

 

Fig. 4. Comparison of rising time for a 

conventional PVA and SC-PVA mode. 
 

 

Our proposed method is very useful to be adopted 

into any other LCD modes. The surface-controlled 

vertical alignment (SC-VA) mode is one of them. A 

normal VA mode with rubbing process has high 

contrast ratio and fast response time but poor viewing 

angle characteristics, and one without rubbing process 

has wide viewing angle but extremely slow response 

time characteristics because the LC molecules aligned 

with reorientation process in the presence of electric 

field for minimizing the free energy, as shown in Fig. 

5(a).  

 

 

 
 

Fig. 5. The time-resolved microscopic textures 

under crossed polarizers with 10V for (a) 

conventional VA mode without rubbing 

process and (b) SC-VA mode. 

  

On the contrary, when we applied our surface 

controlling method to VA mode with RM, the SC-VA 

mode has really continuous multi-domains to realize 

the wide viewing angle characteristics and very fast 

response time because the LC molecules fall directly 

down to the substrate in the presence of electric filed 

without reorientation process as conventional VA 
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mode does (see Fig. 5(b)). So, it takes less than 3 

msec with applied 10 V. In the SC-VA mode, though 

many defects decrease the transmittance, we can 

overcome this problem using two λ/4 retardation films 

that each films located between polarizer and glass 

substrate of top and bottom, respectively, by 45˚ with 

respect to the optic axis of polarizer, as conventional 

LCD does. 

As another application, we propose the surface-

controlled multi-domain twisted nematic (SC-MTN) 

mode. The TN mode is the most popular mode due to 

high transmittance, high contrast ratio and wide 

process windows. But narrow viewing angle 

characteristics require the multi-domain TN. Using the 

mixture system of RMs and conventional alignment 

materials such as polyimide, we can control the 

azimuthal direction of LC molecules spatially by 

linearly polarized UV (LPUV) irradiation with 

shadow masks as well as polar direction. From this 

result, we can realize the multi-domain TN with wide 

viewing angle characteristics. 
 

 

4. Summary 

 

We proposed an advanced LCD mode which has 

fast response time characteristics using UV curable 

RM which was mixed with alignment layer. The RM 

monomers are polymerized along the LC molecular 

direction with applied electric field curing UV curing 

process and the produced pretilt and azimuthal angles 

are memorized on the alignment layer. As a result, the 

SC-PVA and SC-VA displays show fast response time 

and high display performance. Also, since the mixture 

system of RM and alignment layer is possible to be 

adopted into any other LCDs, our proposed method is 

very useful to improve the display performance and 

design new LC modes. 
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