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Abstract 
In this paper, we have studied manufacturing 

process for liquid crystal displays (LCDs) using 
plastic substrates. Because the thermal and 
dimensional stabilities of plastic substrates are 
decisive issues, both the process and materials 
were improved to fit the manufacturing 
requirements of flexible twisted-nematic (TN) and 
color super-twisted nematic (CSTN) LCDs. 
Finally, to broaden the flexible display 
applications, we take advantage of the unique 
properties of flexible display to design several 
innovative products.  
 
1. Introduction 

Because of the lightness, robustness, 
thinness and flexibility, flexible displays could 
become popular in the next generation of flat 
panel displays1,2. So far, many prototype products 
have been demonstrated. The layers of display 
media include: liquid crystals (LCs), organic light 
emitting materials, eletrowetting materials, liquid 
powder or electrophoretic materials. The flexible 
LCDs are the most promising since the 
technology of that has been well developed and 
the mature products have been sold for many 
years. However, the thermal and dimensional 
stabilities of plastic substrates are decisive issues 
for flexible LCDs, hence we were devoted to 
reduce the manufacturing temperature of LCDs. 
The key materials including polyimide (PI) 
alignment layers and sealant were improved in 
order to apply on the flexible twisted-nematic 
(TN) LCDs. Finally, by using plastic colou filter 
substrates and the improved materials, we 
fabricated color super-twisted nematic (CSTN) 

panels using low temperature manufacturing 
process.  
 

 
 

 
 

 
 

 
Fig. 1.  Flexible LCD manufacturing process of the 
experiment. 
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Fig. 2.  The relation between pre-imidized PI 
curing temperature and VHR values . 
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2. Experimental and Results 
 

All the PI films were prepared on the PC/ 
IZO  substrates by printing and pre-baked at 80oC 
on a heating plate, and then baked in a thermal 
oven for one hour. The baking temperatures for 
those PI films were 180oC, 150oC, and 120oC. 
After rubbing, those PC/IZO substrates with PI 
films on them were assembled and injected with 
LC (MJ01744). Figure 1 shows the cell process of 
the experiment. The plastic films were attached 
onto the glass substrates to go through the total 
procedure. Liquid crystal molecules were aligned 
by pre-imidized PI layers. Because the 
imidization process of PI material was previously 
completed, the post baking temperature of PI 
layers could be lower than the glass transition 
temperature (Tg) of plastic substrates. Figure 2 
shows the relation between voltage holding ratio 
(VHR) and PI curing temperature. The pre-
imidized PI layers cured at 120℃ could provide a 
good enough VHR property for our cells. The 
values of VHR of the samples do not change 
significantly. Nevertheless, the values of VHR of 
the samples are still applicable to LC display.  
Table.1 shows the properties of the liquid crystal 
cells. The threshold voltage is about 1.0 volt, and 

the threshold voltage of the samples is good 
enough to be applicable to LC display. The values 
of response time of the samples are constant at 
about 4ms as the curing condition change. In 
addition, we also dispensed the UV curable 
sealant on the plastic substrates. By exposing UV 
light, the viscous sealant changed state to become 
solid and attached one plastic substrate to the 
other. By those methods and materials, we made a 
flexible reflective TN display embedded in the 
smart card structure as shown in Figure 3. 
Besides, in order to accomplish the flexible color 
LCDs, the plastic color filter structures were 
applied in this experiment. Finally, by using the 
plastic color filter and low temperature process, 
we could also make flexible CSTN panels. 
 
 
 
 

Table.1 The properties of the liquid crystals cells 

 
3. Impact 

 
By using the unique properties of flexible 

display, we can combine the new technique with 
other markets and bring the new concept into our 
daily lives. One of the new applications is shown 
in Figure 4. The special glove type products can 
be applied to diving or skiing. Flexible display 
embedded in the glove can provide important 
information for user and the electronics can be 
removed for washing. Some useful information, 
such as atmospheric pressure, speed, height, and 
time can be shown on the flexible display. A 
passive-matrix (PM) driving flexible STN LCDs 
can fulfill the simple information expression. 
 

 
 
Fig.3.  Plastic TN display embedded in smart card 
structure. 
 
 
 

Sample 
Pretilt angle

(degree) 

Threshold 
Voltage 

(V) 

Response 
Time 

(ms) 

120 3.80±0.08 1.00±0.07 4.1±0.2 

150 4.14±0.05 1.04±0.05 3.9±0.1 

180 4.08±0.08 1.02±0.02 4.0±0.1 
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Fig. 4.  New application for flexible displays. 
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