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Abstract 
We have proposed a novel viewing angle controllable 
display of in-plane switching (IPS) mode with single panel. 
One pixel of this device is divided to two regions, in which 
main pixel shows image and sub pixel for viewing angle 
control. In initial state, the liquid crystal of sub pixel is 
homogeneous aligned on substrate for wide viewing angle 
mode. On the other hand, after applying voltage, the liquid 
crystal of sub pixel tilts up for narrow viewing angle mode. 
The proposed device has advantage for the function for 
simple manufacturing process and good viewing angle 
control with single panel. 

 
 

1. Introduction 
 

As wide application of liquid crystal display, the 
wide viewing angle is very important issue for liquid 
crystal display in flat panel display. So, the liquid 
crystal display has been studies about wide viewing 
angle technologies, such as in plane switching (IPS) 
[1,2] mode, fringe-field switching (FFS) [3,4] mode 
and patterned vertical alignment (PVA) [5] mode. 
Although the wide viewing angle characteristics have 
positive effects for liquid crystal display, the new 
problem caused to protect of privacy in public place. 
For this reason, the several optical system and devices 
for viewing angle controllable display have been 
proposed. 

The several researches have been proposed for 
viewing angle controllable display by using additional 
panel [6,7] and backlight system. [8]. They used 
additional panel or backlight system located out side 
of the main panel, in which the main panel is used for 
displaying main image and other for viewing angle 
control. But these methods have a weak point of rising 
thickness and high production cost due to additional 

process. The other researches uses pixel division [9-
11] in which one pixel is divided into two sup pixels 
such that main pixel shows image and the other for 
controllable viewing angle. The pixel division method 
has advantage of thin thickness by using only one 
panel. However, these methods have also 
disadvantages such as an additional process of a 
common electrode on the top substrate.  

To overcome this problem, we have proposed one 
panel viewing angle controllable display using IPS 
mode. To add narrow viewing angle characteristic in 
IPS mode with wide viewing angle characteristic, we 
uses pixel division technology. For minimum 
additional process, this device is generated to 
electrodes only at a bottom substrate and thus it can 
reduce additional process. The viewing angle 
controllable display using IPS mode can be 
commercialized for portable display in which this 
device has advantage for simple process and low cost 
due to using one panel.   

 
 
2. Cell Structure and Switching Principle 

 
Figure 1 shows proposed pixel structure of viewing 

angle controllable display using one panel of the IPS 
mode. In the device, the common and pixel electrodes 
are patterned in a slit from and then the slit angle can 
be controlled to have different slit direction in main 
and sub pixel. Two transistors are formed in this case 
and thus the voltage applied to pixel electrodes in 
each pixel can be controlled separately. The rubbing 
direction is 90°and the main pixel electrode direction 
having an angle of about 10° with respect to rubbing 
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direction, however, the field direction is coincident 
with the LC director in the sub pixel.   
 

 

Fig. 1. Schematic pixel structure of proposed 
viewing angle controllable display. 
 
In the IPS device where uniaxial medium exists under 
crossed polarizer, the normalized transmittance (T/To) 
by 

T/To = sin2 2ψ(V)sin2(πdΔneff(V,θ,φ)/λ) 
where ψ is an voltage-dependent angle between the 
input polarizer and LC director, d is a cell gap, Δneff 

is the voltage- and viewing-angle- dependent effective 
birefringence of the liquid crystal medium, and λ is 
the wavelength of incident light.  

According to a formula, the IPS mode shows 
maximum transmittance when ψ is 45o, dΔneff is 
λ/2, respectively. For the LCDs to exhibit wide 
viewing angle, two requirements should be satisfied at 
least. One is a good dark state at viewing directions as 
well as normal directions and the other is good 
uniformity of grey as well as white states along 
viewing directions. Now, in order to decrease viewing 
angles, there should be strong light leakage in the dark 
state, that is, dΔneff should be large enough in the 
dark state at off normal axis. Consequently, to control 
viewing angle in LCDs, the control of light leakage in 
dark state is required.  

Figure 2 shows cross-sectional view of sub pixel 
region in the proposed viewing angle controllable 
display. At an initial state, both main and sub pixel 
show a dark state because ψ is 0°. As shown in 
figure 2(a), when the voltage is not applied in sub 

pixel, the liquid crystal director aligned with 
homogenous direction, and the device shows wide 
viewing angle due to excellent dark state in oblique 
direction. On the other hands, by applying voltage in 
sub pixel, the liquid crystal director of sub pixel only 
tilts up without rotation, as shown the figure 2(b). This 
condition cause light leakage in oblique direction for 
narrow viewing angle mode, so that the dark state in 
oblique direction can be controllable according to 
applying voltage. As a result, this device can be 
selected viewing angle characteristic depend on user’s 
preference, resulting in light leakage control in 
oblique direction.  
 

 
Fig. 2. Schematic cell structure of sub pixel region 
in the proposed viewing angle controllable display: 
(a) Wide viewing angle mode, (b) Narrow viewing 
angle mode. 

 
 

3. Results and discussion 
 

In order to study the electro-optic characteristic of 
viewing angle switching, a computer simulation was 
performed using the commercially available software, 
LCD master (Shintech, Japan) on 2 X 2 Jones matrix 
[12]. The transmittance of single and parallel 
polarizers was assumed to be 41%, and 35%, 
respectively. For the calculations, the retardation for 
the IPS cell is 0.32µm with d = 4µm and a surface tilt 
angle of 2°. The dielectric anisotropy of the LC is 
7.4. The width of pixel electrode and the distance 
between them are 5µm and 10µm, respectively. Here, 
electrode condition of the sub pixel region can be 
controllable to optimize viewing angle switching.  

Figure 3 shows light leakage of along horizontal 
direction in the sub pixel according to polar angle 
when a different voltage is applied to the pixel 
electrode and common electrode of sub pixel. As 
shown in figure 3, the calculated light leakage is very 
low at 0 V, showing a perfect dark state even at a large 
polar angle. However, it increases with increasing 
voltage and increasing polar angle due to increase in d
Δneff while keeping a good dark state in the normal 
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direction. It increases to 5.82% at a polar angle of 
60°at 10 V and occurs symmetrically with respect to 
the normal direction because tilt angle of the LC is 
generated to left and right directions symmetrically 
along the vertical field. Therefore, viewing angle can 
be switchable by selecting the voltage applied to sub 
pixel either 0V (wide viewing angle) or 10V (narrow 
viewing angle) Also, this light leakage can be 
controlled according to change electrode width and 
the distance between them of sub pixel in viewing 
angle control region. 

 

 
Fig. 3. Shows the transmittance curve depends on 
polar angle when voltages applied in sub pixel. 

 
Figure 4 shows iso-luminance curves of dark state 

for wide and narrow viewing angle modes. The wide 
and narrow viewing angle modes calculated 70%, 
50%, 30% of maximum light leakage in wide viewing 
angle mode. As shown in figure 4(a), the light leakage 
of the wide viewing angle mode have not occurred in 
right and left directions. The region at 70% of 
maximum light leakage is observed over 50° of polar 
angle at oblique direction. On the other hand, in 
narrow viewing angle modes, the region in which the 
light leakage exceeds over 70% with respect to the 
maximal light leakage exists about over 18º in right 
and left directions, as shown figure 4(b). In both cases, 
the maximum light leakage in wide viewing angle 
mode and narrow viewing angle mode is 2.2%, and 
5.81%, respectively and the level of light leakage is 
quite high enough to be noticeable easily in oblique 
viewing direction. 

 

 
Fig. 4. Iso-luminance curves of dark state in 
proposed viewing angle controllable display: (a) 
Wide viewing angle mode, (b) Narrow viewing 
angle mode. 

 
 

4. Summary 
 

In summary, we propose new viewing angle 
controllable structure of IPS-LCD with one panel. In 
the device, one pixel is divided to main image pixel 
and sub pixel for viewing angle control. The liquid 
crystal in main pixel rotates in plane for wide viewing 
angle characteristic and the liquid crystal in sub pixel 
can be control only tilts up without rotation for narrow 
viewing angle characteristic when the voltage is 
applied. The viewing angle controllable display using 
IPS mode can be commercialized for portable display 
in which this device has advantage for simple process 
and low cost due to using one panel.  
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