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Abstract
In this work, we provided a novel test method to 

verify the sealing materials for flexible LCD cell. The 
ultraviolet type curing sealing material with low 
process temperature was suitable for LCD cell 
assembly. We also proposed the sealing materials 
which passed 13200 times bending test within 20 mm 
curvature.  

1. Introduction 
In the past years, liquid crystal display devices 

with plastic film substrates have got much attention 
due to the advantages of lighter weight, thinner 
packaging flexibility, and high impact resistance1-3.
This kind of display could be widely applied to the 
consumer market such as cell phones, smart cards, 
and personal digital assistant applications.  

In order to produce plastic liquid crystal cells 
with higher reliability and quality, the adhesive 
property of sealing materials between the plastic 
substrates would be the main issue. Traditionally, 
thermal and/ or ultraviolet type curing sealing 
materials were widely applied in the liquid crystal 
displays assembly process. The thermal type curing 
sealing materials were prepared by thermal curable 
epoxy resin. After the baking process (about 150 ,
0.5 hour), a cured sealing material was formed with 
good tensile strength and humidity-resistant properties. 
However, for the plastic LCD, the coefficient of 
thermal expansion (CTE) is different between TFT 
substrate and CF substrate. This difference would 
result in misalignment problem after assembly 
process. The ultraviolet type curing sealing materials 
provided the advantages of low operational 
temperature during the curing process. The CTE issue 
between TFT and CF during assembly would be 
eliminated.  And the ultraviolet type curing sealing 
materials was suitable for plastic substrates 
manufacturing 4.

As the glass substrate is alternated by the plastic 
substrate, the whole manufacturing process of the 
sealing materials of LCD devices must be altered. For 
the plastic substrates with lower glass transition 
temperature and higher CTE properties, the assembly 
process with room temperature sealing material would 
be the candidate to be applied in the cell assembly 
process.  

Besides the CTE issue, some properties are 
needed to be concerned such as good adhesion 
strength between sealing material/ substrate, no 
mutual solubility with liquid crystal, and low water 
absorption of cured sealing material. The flexibility 
and reliability of the sealing material should be 
concerned as well when it is applied to a deflexed 
flexible LCD device4-5.

In this study, we provided a test and verifying 
method for the sealing materials which were suitable 
for the flexible LCD (F-LCD) cell usage. After 
pondering over the result of our study, we also 
recommend which type sealing material is 
predominant for F-LCD device. 

2. Results 
2.1 Structure and preparation

The schematic structure of the F-LCD cell was 
presented in Figure 1. This sandwiched structure was 
combined by a pair of 200 μm-thick PES (Sumitomo) 
with sputtered ITO, photo spacers, and LC layer. The 
photo spacer was a 5-μm-thick cross-like spacer 
which was announced by ITRI in the past years6. Four 
sealing materials were used in this study (Table 1). 
Sample A and B were purchased from Kuo Sen 
Enterprise Co. Ltd. Sample C was purchased from 
other famous sealant company and Sample D was 
from Three Bond Co. Ltd. 
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Table 1.  The results of peeling and bending test of these sealing materials. 

The chemical structures of sample A and B were 
the same. But the viscosity of sample A was higher 
than sample B. Figure 2(a) showed the drawing of 
sealing material pattern for bending reliability testing 
vehicle. The cross-like photo spacer could provide a 
simple test of the fluidity of sealing material. If the 
sealing material was capable of well fluidity, the 
cross-like photo spacer could be observed in the area 
of sealing material by microscope, which was shown 
in Fig. 2(b). The cross-like photo spacer could sustain 
the cell gap uniformity and integrity of cell structure 
with external force. Figure 2(b) represented the 
superior structure of cured sealing material without 
defects, such as air bubble or discontinuous part.  

2.2 Peeling and Bending Test 
Table 1 showed the curing type, viscosity and 

result of peeling and bending test for these four 

sealing materials. We can find that sample A, B and D 
presented good adhesive properties for agglutinating 
these two ITO-sputtered PES substrates with good 
shaping profile and without spilling liquid crystal. 
However, sample C was not passed these mechanical 
tests because the liquid crystal in the sandwiched 
structure was spilt during the period of peeling and 
bending procedures.  

Sealing material  Curing type Viscosity [cps] The result of peeling & bending test 
Sample A UV & Thermal  300,000 OK. The adhesion between two substrates was 

good. Sealing material could be shaped, and the 
liquid crystal wouldn’t spill from the LCD cell. 

Sample B UV & Thermal 115,000 OK. The result of sample B was the same as 
sample A. 

Sample C Thermal  80,000 NG. The adhesion between two substrates was 
good, but liquid crystal would spill from the 
LCD cell. 

Sample D UV & Thermal 250,000 OK. The result of sample D was the same as 
sample A. 

The Sealing material pattern

The sealing material

Cross-like photo spacer

Figure 2 (a) the sealing material pattern and 
(b) the microstructure of the flexible LCD 
cell structure. 

 (a) 

(b)

A

PES substrate

Cross-like photo spacer

ITO layer

Sealing material

Figure 1. The schematic structure of the F-LCD 
cell.

IMID/IDMC '06 DIGEST • 831

P-40 / C. C. Hsiao



   

2.3 Flexibility and Reliability Test 
We made a flexibility and reliability test machine 

for sealing material testing which was shown in 
Figure 3(a). The F-LCD cell could be curved in a 
curvature radius of 20 mm which was shown in 
Figure 3(b). The bending speed of this machine was 
22 times per minute.  

Before testing, the F-LCD was made by 
traditional cell process, and the LC was filled by 
vacuum injection method. By using sample B as 
sealing material and MJ01744 (MERCK) as LC 
material, Fig. 4(a) presented the appearance of the cell 
before testing. After testing for ten hours, the total 
bending cycle of the F-LCD cell was about 13200 
times and the appearance of the cell was shown in 
figure 4(b).  No significant damage was found in the 

F-LCD cell and no liquid crystal leakage was 
observed. The sealing material provided a good 
mechanical strength during the flexibility and 
reliability test. 

2.4 Discussion 
In this work, the plastic substrates, PES, was 

used to replace the glass substrates in the test cell. 
Low curing temperature and UV plus thermal type 
sealing materials were applied in the test cell by 
concerning the CTE problem of plastic substrates. 
Using the above-mentioned sealing material, the 
residual stress problem to induce fracturing or 
separating between two plastic substrates would be 
avoided. Sample B was chosen as the sealing material 
in flexible and reliability test. The thermal curing 
temperature of sealing material in these tests did not 
exceed 13  Sample A and B possessed the same 
chemical structure with different viscosity.  As sample 

The sealing material pattern

Liquid crystal

Figure 4 (a) the optical images before testing 
and (b) after testing of the sealing material 
structure on the light-box.

 (a) 

(b)

Liquid crystal

Figure 3 (a) The apparatus for the flexibility 
and reliability test of the flexible LCD cell; (b) 
the curvature radius of 20 mm of this 
apparatus.

 (a) 

(b) 

The flexible LCD cell
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B passed the flexibility and reliability test, that 
implied sample A was capable to pass the test as well. 

3. Conclusion 
Two sealing materials would be the candidate 

materials for F-LCD manufacturing after this testing 
procedure, such as peeling, bending, flexibility and 
reliability test. As anticipated, the proposed method 
can not only find potential candidates of the sealing 
materials for F-LCD usage, but also provide a test and 
verifying method for the sealing materials. Results in 
this work can provide a novel test method to receive 
quantification data of unknown sealing material for 
the F-LCD cell. Furthermore, this work can accelerate 
the application of plastic substrates on portable F-
LCD.
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