
Abstract 
We proposed a switchable liquid crystal display (LCD) 
between transmissive mode and reflective mode. The 
device has the high brightness due to use all of pixels 
area in both modes. The switchable display consisted of 
the stacked nematic LC layer and cholesteric LC layer. 
By the multi-functional cholesteric liquid crystal (ChLC) 
film as circular polarizer and reflector, both modes could 
be obtained. 

  
 

1. Introduction 
  

LCD technology has been researched on simple structure, 
cost-effective fabrication, high resolution, thinner thickness 
and more portability for the use of devices without the 
limitation of area. Transflective LCD with the advantage of 
their high performance under indoor and outdoor 
environments is one of the most attractive devices which 
can be satisfied with these requirements1. The most 
attractive thing of transflective LCD is the readability in 
bright ambient as the power saving. However, because the 
conventional transflective LCD has to be divided into two 
sub-pixels of the transmissive and reflective parts, it should 
be compensated the optical path difference between divided 
pixels for preventing the optical degradation by methods 
such as the variety of the LC structures with the different 
cell gaps in a single LC mode or the realization of the 
different modes in a single cell gap2-4. However, these 
technologies have the serious problems such as the 
complicated fabrication, optical degradation of the display 
performances and the reduction of aperture ratio of the 
pixel by pixel dividing.  

In this paper, we propose the switchable LCDs which can 
be used in both transmissive and reflective modes. This 
device has the simple stacked structure with ChLC layer 
and nematic LC. In our structure, ChLC layer can reflect 
only the circularly polarized light coincided with 
handedness of ChLC on the whole pixel area5. In addition, 
it can also be transmitted the circularly polarized light with 
the opposite handeness. By the optical design using the 
difference of the polarization state in the transmissive and 
reflective mode, we could be obtained the novel 
transflective LCD which can be used the whole pixel area.  

 

2. Cell structure and Operation 
 

 
 

Fig. 1.  The schematic diagram of the polarization 
paths of our proposed switchable LCD: (a) transmissive 
mode and (b) reflective mode 

 
Figure 1 shows the schematic diagram of the polarization 

paths of proposed switchable LCD consisting of a top 
polarizer with the transmissive axis to 0° direction, a λ/4 
retardation film with optical axis of 45°, a nematic LC cell 
(λ/2 retardation film) as the optical switcher and a ChLC 
(mixed with LC (∆ε= 15.1, ∆n= 0.2306, Merck) and 
reactive mesogen (RM) mixture (Merck)) cell as multi-
functional film which can reflect the circularly polarized 
light with the right handeness and the visible light with the 
wavelength range from 400nm to 700nm. 

In the transmissive mode, after the randomly polarized 
light from back light unit (BLU) passes through the ChLC 
layer, the transmitted light become the left handed polarized 
light. This light become the linearly polarized light to 90° 
direction bottom polarizer become the left-handed circular 
polarization state after passing through the λ/4 retardation 
film with optical axis of 45°. In the absence of an applied 
voltage in nematic LC layer, the linearly light retarded by 
LC cell for function as a λ/2 retarder is penetrated the top 
linear polarizer. As applying voltage in nematic LC cell, the 
linearly polarized light to 90° direction is not changed due 
to LC layer without the optical phase retardation. Thus, we 
could obtain the dark state. 

In the reflective mode, in the field off state, the linear 
polarized light to 0° direction passing through the top 
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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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polarizer is changed to the 90° polarization state. The 
changed polarized light become the left handed circular 
polarization state by the λ/4 retardation film with optical 
axis 45° and passes through ChLC layer with the right 
handed chirality. When LC layer cannot function as optical 
phase retarder by an applied voltage, the linear polarized 
light passing through the top polarizer penetrates the LC 
layer and become the circular polarized light with right-
handeness by the λ/4 retardation. This light is reflected by 
ChLC layer and become again the linear polarized light to 
0° direction by the λ/4 retardation. Hereby, we could obtain 
the bright state in the reflective mode.  

 
 

3. Results  
  

We can obtain the reflectance and the transmittance from 
the measured V-T curves of our proposed switchable LCD. 
Figure 2 shows the measured voltage-transmittance curve in 

Fig. 2.  Measured V-T curves of our proposed 
switchable LCD: (a) transmissive mode and (b) 
reflective mode. 

 
 

both modes. As shown in figure 2(a) which shows the result  
of the transmissive mode, the bright state was obtained by 
its optical design in the absence of an electric field. When 
the voltage of 6 V over is applied to the nematic LC layer, 
dark state can be obtained. In the reflective mode (figure 
2(b)), electrically switching from the initial dark state to the 
bright state is generated over the voltage of 15 V. Contrast 
ratio of our cell is measured about 210:1 in the transmissive 
mode and 70:1 in the reflective mode. 

 
 

4. Summary 
  

In this paper, we proposed a novel transflective LCD 
which can be switched between transmissive mode and 
reflective mode in the area of all pixels. The device has 
the high brightness due to use all of pixels area in both 
modes. The switchable display consisted of the stacked 
nematic LC layer and ChLC layer. By the multi-
functional ChLC film as circular polarizer and reflector, 
both modes could be obtained without the pixel division. 
Thus, we could be achieved a display device that is 
expected to apply to the transflective LCD with high 
optical performances  
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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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