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Abstract 
A field sequential color (FSC) LCD is made using the no-bias 
bend (NBB) mode. This NBB mode is made possible using a nano-
structured alignment layer which is capable of producing any 
pretilt angles. This NBB pi-cell has a total response time less than 
1.3ms which is needed for FSC. 
 

1. Introduction 
Previous studies clearly stated that optically compensated bend 
(OCB) mode liquid crystal display (LCD) is capable of fast 
response time [1-6]. OCB is a pi-cell which operates from bend to 
bend states with a critical holding voltage. However, such a 
critical voltage degraded the optical performance of the LCD. In 
particular the spacing between pixels remains in the splay state 
since no voltage can be applied there. A systematic experimental 
study of the critical voltage has been reported previously [7]. A 
stable bend state of the LC cell can be obtained if the pretilt 
angles are high enough. The response time of such No-Bias-Bend 
(NBB) pi-cell is potentially faster than OCB cell. The major 
application of such mode is fast response color-filterless field 
sequential LCDs. 
 

2. Nanostructured Alignment Layer 
The fabrication of LC cells with any value of pretilt angle has 
been discussed previously. It is based on a nano-structured 
alignment layer [8-11]. This alignment layer consists of a random 
distribution of nano-scale domains of homogeneous and vertical 
alignment materials as shown in Figure 1. Uniform pretilt angle is 
obtained at a short distance above the alignment layer due to 
elastic energy minimization. Such fabrication process is very 
controllable and repeatable. 

 

 
Figure 1 An example of nano-structured alignment layer. 

3. Working Principle of Sequential Color 
LCD 
The principle of a sequential color LCD is based on a field 
sequential LED backlight. The backlight is switching time 
sequentially from red to green, green to blue and blue to red as 
shown in Figure 2. 
 

 
Figure 2 Driving principle of sequential color NBB LCD. 
 
For a QVGA display with 60Hz frame rate, each frame can have 
approximately 16.5ms. Each frame contains three sub-frames 
which will have a duration of 5.5ms. During this time limit, data 
has to be loaded onto the pixels, LC needs to finish their response 
and finally the LED needs to turn on. The minimum data loading 
time for a QVGA display is 1.3ms and the minimum LED 
illumination time is around 2ms in order to obtain the best 
contrast. Therefore, only around 2.2ms is left for the LC to 
response. It is obvious that NBB mode can fit the requirement of 
sequential color display as its worst-case response time is only 
1.18ms with a 4µm cell gap. 
 
Color mixing can be obtained if we carefully control the switching 
on and off time of the LCD. White color can be obtained when the 
LCD is off in all three sub-frames. Black color can be obtained 
when the LCD is on in all three sub-frames. Figure 3 shows an 
example of color mixing in NBB LCD. If we want to have a 
yellow color, the LCD is set to be in the off state when both of the 
red LED and green LED are on, and the LCD is set to be in the on 
state when the blue LED is on. 
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Figure 3 An example of color mixing in NBB LCD. 

 

4. Experimental Results 
A sample color-sequential NBB LCD is successfully fabricated 
using nano-structured surfaces. A pretilt angle of 53 degrees is 
required for a stable bend configuration without a critical holding 
voltage. 

4.1 Color Generation 
By applying the color mixing scheme discussed above, three 
primary colors are obtained in a NBB test cell as shown in Figure 
4a. Figure 4b shows some examples of mixed color such as black, 
white, cyan, magenta and yellow. Full color display can be 
obtained by controlling the gray-level of LCD. 

 
 

 
(a) 

 

 

 
(b) 

 
Figure 4 (a) A NBB test cell shows three primary colors on a 
color-sequential backlight. (b) other mixed colors 
 
The measured corresponding color co-ordinates of the above 
colors are shown in Figure 5. It can be seen that all three primary 
colors can be obtained. Additionally, mixed colors can also be 
made by using the sequential color scheme. The full color gamut 
of the LED backlight can also be reproduced. 

 

 
Figure 5 Measured color coordinates of NBB LCD. 
 

4.2 Gray-level Response time 
Liquid crystal response should be fast enough in order to 
implement the sequential color scheme. NBB mode is proven to 
be fast enough. In our case, STN LC with ∆n=0.2024 is used. 
Since the frame time is short, STN LC can be used without 
worrying the VHR. With a 4µm cell gap, the worst case measured 
rise time is 1.18ms while the fall time is only 255µs. Figure 6 
shows the gray-to-gray response time data of NBB cell. It 
includes response time between 11 different grayscale levels. This 
NBB operates in a normally white mode. Level 1 indicates a black 
state and level 11 indicates a white state. 
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Figure 6 Gray-to-gray response time of NBB LCD. 
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4.3 Application to TFT panels 
The NBB mode is implemented into a TFT active matrix display 
panel. This active matrix backplane was fabricated at HKUST 
using metal based low temperature polycrystalline process [12]. It 
is a QVGA resolution display. Defects are due to open data and 
gate lines. The result of this sequential color active matrix LCD is 
shown in Figure 7. Good color is obviously shown on the panel 
with reasonable contrast ratio. 
 

 

 
Figure 7 A sample of NBB TFT LCD. 
 
 

5. Conclusion 
In summary, a color-filterless NBB LCD is successfully 
fabricated using large pretilt angles. Color coordinates and gray-
level response time is also studied. Such NBB mode is 
successfully integrated in a TFT LCD. This application is 
important for future fast response LC-TV applications. 
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