
 

 

Abstract 
We proposed the single-polarizer liquid crystal display 

(LCD) mode for enhanced response time using a passive 

polarization-dependent microlens arrays (MLA). Due to the 

flat-surface in liquid crystal layer (LCL), the response time 

can be enhanced at whole applied voltages. We expected 

that this LCD mode has a low process cost, and high 

optical efficiency.  
 

 

1. Introduction 

 

In general, liquid crystal display (LCD) is operated by 

modified retardation of the liquid crystal layer (LCL) with 

applied electric field between two orthogonal polarizers. 

However, the use of two polarizers caused a high process 

cost and low optical efficiency in the LCD. 

In our previous research, we proposed the single-

polarizer LCD mode using the microlens arrays (MLA), 

having a passive polarization-dependent property, and two 

orthogonal black matrices (BMs) [1]. In this mode, LC 

molecules on the non-flat surface caused by a surface relief 

structure of MLA are slowly operated by an applied voltage 

or not, so this mode has a slow response time, especially 

decay time. 

In this research, we proposed an advanced structure of a 

single-polarizer LCD mode having an enhanced response 

time by using a polarization-dependent MLA. It consists of 

switching part and focusing part as shown in Fig. 1. 

Switching part is twisted nematic (TN) due to the wide 

process margin, and focusing part is composed by surface 

relief structure and liquid crystalline polymer (LCP), filled 

up that. Due to the birefringence property of LCP, focusing 

part has a polarization-dependent characteristic [2]. By 

altering the polarization of the incident light in switching 

part, and modulating optical path of incident light in 

focusing part, this mode can operate with only one polarizer 

with two orthogonal BMs as shown in Fig. 1. And also, 

response time is enhanced, due to flat-surface in the 

switching part. Consequently, proposed LCD mode with 

only one polarizer can decrease a process cost and increase 

optical efficiency, having an enhanced response time. 

 

 

2. Experimental 
 

For the focusing part, we first fabricated two BMs. In 

order to form BMs, we used a lift-off method using the 

photoresist on the opposite side of indium-tin-oxide (ITO) 

glass substrate. The diameters of first BM and second BM 

are 50µm, and 40µm, respectively, and same pitch is 200µm. 

For the surface relief structure, UV curable polymer (NOA 

60, Norland) is spin-coated on the first BM layer and it is 

aligned with photomask having same pitch but diameter is 

100µm. And then, surface relief structure is fabricated 

through UV exposure for 55sec, because monomers of UV 

curable polymer are diffused by difference of UV intensity, 

induced by photomask, to maintain their relative density. 

For complete polymerization of surface relief structure, it is 

irradiated by UV light without a photomask. The measured 

depth and the curvature of the fabricated surface relief 

structure were 8µm and about 498µm, respectively. Next, 

we spin-coated the planar alignment (RN1199, Nissan 

Chemical) on the surface relief structure and then, rubbed 

unidirectionally. Finally, LCP (RMS03-001C, Merck) is 

spin-coated on the surface relief structure in twice to stuff 

into there. 

For the switching part, we rubbed both substrates in a 

cross-direction each other. Here, the slow axis of LCP is 

parallel to that of switching part. To maintain the cell 

thickness, we used glass spacers of 4.5µm. The nematic LC 

(∆n = 0.104, ∆ε = 5.5) is injected into the cell by capillary 

effect at room temperature. The ordinary and extraordinary 

refractive indices of LCP, and the refractive index of the 

UV curable polymer are no = 1.525, ne = 1.68, and np= 1.56, 

respectively. 
 

 

 

Single-Polarizer Liquid Crystal Display Mode using a 
Passive Polarization-Dependent Microlens Arrays  

 

Jiwon Jeong1, Young Wook Kim2, Dae Ho Jung1, Jin Seog Gwag3,  

Jae-Hoon Kim1 2 and Chang-Jae Yu1,2 
1
Dept. of Electronics and Communications Engineering, Hanyang University,  

Seoul, Korea 
Tel.:82-2-2220-2314, E-mail: cjyu@hanyang.ac.kr  

2
Dept. of Information Display Engineering, Hanyang University, Seoul, Korea 

3
Dept. of Physics, Yeungnam University, Gyeongsan, Korea 

 

Keywords: Microlens arrays, Single polarizer, liquid crystalline polymer, LCD, LC 

45-3 / Dongun Jin 

• IMID/IDMC/ASIA DISPLAY 2010 DIGEST 

   

 
 

Figure 1. Schematic diagram of conventional COG 
and COF bonding on panel 

 
 

3. Discussion 
 

Fig. 2 shows a graph of thermo gravimetry analysis (TGA) 
of our new polymer substrate material.  
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Figure 2. TGA thermogram of new plastic substrate 
 
The polymer exhibits negligible weight loss at high 

temperatures up to 500oC. The CTE of our polymer film 
was measured in a thermomechanical analyzer (TMA) in 
the temperature range of 50 to 300℃. The obtained value 
was about 3 ppm/℃ over the entire measurement range. 
Maintaining a close match with the CTE of the glass carrier 
(3 ppm/oC) is important to minimize thermal stress and to 
preserve accurate overlay registration over a large substrate 
area (370 mm x 400 mm). These properties satisfied the 
implementation of the plastic substrate to the LTPS process. 

We have shown the critical issues during bonding of the 
COF on flexible panel in fig. 3. Air bubbles, cracks, and 
misalignment can occur. According to our technical 
experience, the lamination process used for anisotropic 
conductive film (ACF) is critically important for removal 
of air bubbles. The crack is dependent on process pressure 
of the bonding condition. The misalignment can be 
prevented by considering thermal expansion differences 
between ACF, the flexible substrate, and COF.  
  

    
         (a)                    (b) 

 
Figure 3. Process issues during bonding of COF on 
flexible substrate: (a) air bubble and misalignment, 

(b) crack of panel pad 
 

We are investigating candidate TSPs and polarizers for 
the flexible AMOLED display. It is common knowledge 
that thinner is better; however, there is thickness minimum 
for film type polarizers, and an electrical limitation for 
capacitive type of film on a flexible AMOLED. We will 
report on an acceptable TSP and polarizer after feasibility 
testing is completed, which will be soon.  
 

4. Summary 
 

We have determined two important factors for materials 
and components for flexible AMOLED displays. On the 
material side, high heat resistance and low CTE for the 
flexible substrate are required for compatibility with mass 
production methods. For the flexible module, the bonding 
technique between COF/COF and the flexible substrate is 
significantly important. A slim polarizer and flexible TSP 
were considered simultaneously to improve flexibility. 
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3. Results and discussion 
 

The proposed structure and operating principle are shown 

in Fig. 1. Note that LC molecules of switching part are on 

the flat-surface, about the same conventional TN mode, in 

contrast to structure of Ref. 1. In the off-state, the 

polarization state of incident light can be rotated by 90° 

according to LC director, so incident light is focused by 

difference of refractive index between the slow axis of LCP 

and UV curable polymer in focusing part. And then, this 

state presents a white state because the focused light is 

passed through two orthogonal BMs. On the other hand, in 

the on-state, the polarization state of incident light is not 

changed by switching part. Then, the incident light is 

defocused by difference of refractive index, so this state is 

black state.  

 

 

 
 

 
 

 

Figure 2 shows the measured response time of the 

structure having a non-flat surface and proposed one. 

Among them, the one has a very slow response time of 

about 200ms at even 10V. In contrast, the other having flat-

surface has a much faster response time (~13ms) than the 

one relatively at all applied voltages. The measured contrast 

ratio (CR) is about the same between two structures, about 

130. 

 

 

4. Summary 

 
We proposed a single polarizer LCD mode having a 

passive polarization-dependent MLA, filled up the surface 

relief structure by LCP and having a switching part, TN 

configuration. Because LC molecules of switching part are 

a flat-surface, response time of the proposed structure is 

considerably enhanced. Consequently, this LCD mode has 

some special characteristics, such as a fast response time, 

high optical efficiency and low process cost.  
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Fig. 2. Comparison of the measured response 

time as function of the applied voltage. 

Fig. 1. Schematic diagram and operating 

principle of the proposed LCD mode in 

(a) off-state and (b) on-state  
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Abstract 

Materials and components for flexible AMOLED 
displays are reviewed in this paper. Plastic substrates 
need high thermal resistance and a low coefficient of 
thermal expansion for mass production compatibility. 
Flexible modules such as chip on flexible substrate, slim 
polarizer, and touch screen panel are also important for 
realization of flexible AMOLED displays. 

 
 

1. Introduction 
 

Active matrix organic light-emitting diodes (AMOLEDs) 
have attracted considerable interest in the emerging 
electronic device market because they are thinner, faster 
and more power efficient than active matrix liquid-crystal 
displays (AMLCDs). Some researchers have demonstrated 
flexible AMOLEDs with various thin film transistors 
(TFTs) on flexible substrates. [1-3] 

To realize flexible AMOLEDs, two important key 
requirements should first be satisfied or resolved for panel 
manufacturing. The first requirement is to fabricate a robust 
thin-film transistor on flexible substrate with high electrical 
performance. Although conventional amorphous silicon (a-
Si) TFTs show uniform electrical characteristics even over 
an 8th generation substrate (2200 mm ×2500 mm), they 
have poor electrical performance (<0.5cm2/V-s) and are 
unstable under a constant bias stress, which makes them 
unsuitable for OLED driving devices. [4-5] On the other 
hand, low temperature poly silicon (LTPS) TFTs have high 
mobility (>50cm2/V-s) and stable electrical performance as 
OLED driving devices. However, there are still significant 
issues including the high process temperature (>500oC) 
during dehydrogenation and activation of the dopant.  

Recently, several research groups have shown interest in 
polymer substrates [5]. Polyimide materials were mainly 

considered for use as flexible substrates because of their 
excellent mechanical properties (tensile strength, flexibility, 
modulus, etc.) and good coefficient of thermal expansion 
(CTE: 3-50 ppm/oC) [6]. However, their properties are 
unacceptable for LTPS processes, because the maximum 
processing temperature of plastic has been around 350oC, 
limited by glass transition temperature (Tg), and outgassing 
properties of polymer materials have not been acceptable 
for mass production. Therefore, selection of TFT backplane 
on plastic has been restricted to low-temperature process 
options such as amorphous silicon (a-Si) TFTs or metal 
oxide semiconductor TFTs. 

The other requirement is to achieve flexibility of the 
AMOLED module, including flexible components such as a 
flexible chip on flexible substrate (COF) and flexible touch 
screen panel (TSP). Generally, chip on glass (COG) is used 
to bond the panel to its driver ICs. However, COG is not an 
acceptable option for a flexible substrate because of its 
rigidity. In terms of the touch sensor, a capacitive type on 
plastic substrate is widely used for conventional cell phones 
because of low cost. However, thickness of the capacitive 
technology, which is currently around 200µm, needs to be 
decreased because flexibility decreases as device thickness 
increases. The last issue toward achieving a flexible module 
relates to thickness of the polarizer. As described in the case 
of the touch sensor, a thinner polarizer is needed to achieve 
best flexibility.    

 
2. Experiments  

 
We previously reported about panel fabrication of the 

flexible AMOLED at SID’10. [7] Bonding of COF and 
COG with the panel was performed using heat and pressure, 
as shown in figure 1. The touch sensor and polarizer were 
laminated using conventional lamination techniques.  
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