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Abstract
We have developed twist nematic liquid crystal 

displays (TN-LCDs), of which the viewing angle can 
be controlled. The TN-LCDs have the function of 
switching between the wide viewing mode and narrow 
viewing angle mode using two tilted LC layers. Tilt 
angles of the two LC layers, 14  and 60  were 
required in both wide viewing angle and narrow 
viewing angle modes, respectively. In this way, the 
viewing angle range in terms of contrast ratio 5:1 can 
be switched from 120o to 60o.

1. Objectives and Background 
Nowadays, the application range of LCDs has been 

greatly expanded from small size ones for use in 
mobile phones to large size ones for use in monitors 
and LC televisions. The TN mode is dominant in 
small and medium size-LCDs due to its very stable 
structure and wide process margn.1-3 However; the 
viewing angle performance of the TN-LCD is one of 
the most serious problems to be solved for spreading 
its application area. To overcome the viewing angle 
problem, some new modes such as IPS4, MVA5, FFS6

and OCB7 were developed, but there are also hard 
works for improving the viewing angle performance 
of conventional TN-LCD. For improving the viewing 
angle performance of conventional TN-LCD, the 
compensation film such as WV-A and WV-SA film 
has been proposed.8-11

 As abovementioned, many researches to improve 
viewing angle of LCDs have been performed and 
commercialized. Nevertheless, for portable displays 
such as notebook computers and mobile phone, wide 
viewing angle is not helpful in some cases when one 
wants to protect the displayed image from viewing by 
others. Therefore, in such a case, narrow viewing 
angle LCD is preferred. In other words, the viewing 
angle of LCDs should be controlled depending on 
user’s preference. 

In this paper, we propose new cell structure, 
whose viewing angle can be controlled by switching. 
The TN mode requires compensation films to improve 
viewing angle. Utilizing this concepts, we put two 
switchable LC layers at both sides of the TN panel so 
that before switching the TN-LCD shows wider 
viewing angle than that of normal TN, but with 
switching, the viewing angle becomes narrower than 
that of the normal. 

2. Calculation Results 
Fig.1. shows cell configuration of this device. One 

of the major components of this LCD is two tilted LC 
layers which are located on both sides of the TN-LCD. 
The optic axis of the LC layer is perpendicular to the 
rubbing axis of the TN cell nearby. 

Figure 1.   Cell configuration used for simulation. 
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Tilt angles of the two LC layers, 14° and 60° were 
required to realize both wide viewing angle and
narrow viewing angle, respectively. The change in 
optic axis of the LC layer could be easily achieved 
using electrically controlled birefringence cell.  

Fig 2 show iso-luminance curve in white and dark 
state at 550nm in wide and narrow viewing angle 
mode. In wide viewing angle mode, the region at 
which the transmittance exceeds over 30% with 
respect to the transmittance at normal direction exists 
about over 80o of polar angle in all azimuthal 
directions. On the other hand, in narrow viewing 
angle mode, it is slightly crushed at up of the left/right 
directions, respectively. Considering a dark state, a 
light leakage is well controlled except for upward 
direction in a wide viewing angle mode but the strong 
light leakage in oblique viewing directions larger than 
40o of a polar angle does occur except for the normal 
direction in a narrow viewing angle mode. 

Figure 2.   Iso- luminance curves in the white state 
and dark state at 550nm: (a) wide viewing angle 
mode, (b) narrow viewing angle mode. 

Next, we have calculated the viewing angle 
characteristics of the cell at 550 nm, as shown in Fig 3. 
The uniformity of the white state in both its wide 
viewing angle mode and narrow viewing angle mode 
is excellent, and also quite a good dark state is 
obtained in the wide viewing angle mode. However, a 
bad dark state is obtained for narrow viewing angle 
mode so that in the wide viewing angle mode, the 

region in which the CR is large than 5 exists to about 
60° of the polar angle in all directions and in the 
narrow viewing angle mode, the region in which the 
CR is large than 5, exists over 30° of the polar angle 
in all directions.

Figure 3. Iso-contrast curves at an incident 
wavelength at 550nm: (a) wide viewing angle mode, 
(b) narrow viewing angle mode. 

To evaluate the image quality, the degree of grey 
scale inversion also should be checked. Viewing 
angle dependences of eight grey levels of 
transmittance in horizontal direction are shown in Fig. 
4 in the wide viewing angle mode, narrow viewing 
angle mode, and conventional TN mode. The grey 
scale inversion starts to occur at +30° and -30° in 
horizontal direction in conventional TN-LCD. 
However, it does not occur at all in wide viewing 
angle mode. In the narrow viewing mode, the degree 
of grey scale inversion is about the same as that of the 
conventional TN mode but light leakage at G(0) is 
rather larger than that in the conventional one. 
Viewing angle dependences of eight levels of 
transmittance in vertical direction are also calculated 
as shown in Fig. 5. In the conventional TN-LCD, the 
grey scale inversion occurs when a polar angle is over 
+25° and -20° in vertical direction. In the wide 
viewing angle mode, the region of grey scale 
inversion is about the same as that of the conventional 
one, however, the light leakage at the G(0) is greatly 
reduced so that the real image quality is much better 
in this case than the normal case. For the narrow 
viewing angle mode, the region of grey scale 
inversion free is reduced to +20° and -25°, however, a 
strong light leakage at a dark state exists, which 
destroys image quality. 
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Figure 5.  Viewing angle dependences of eight 
levels of gray scale for different polar angle at the 
vertical direction: (a) wide viewing angle mode, (b) 
narrow viewing angle mode, and (c) conventional 
TN mode.    

Figure 4.  Viewing angle dependences of eight 
levels of gray scale for different polar angle at the 
horizontal direction: (a) wide viewing angle mode, 
(b) narrow viewing angle mode, and (c) 
conventional TN mode.

The device structure abovementioned requires two 
two tilted LC layers, which has some difficulty in 
manufacturing process and cost. So we have 
developed new viewing angle controllable TN-LCDs,  
using one homogeneously aligned LC layer. Taken 
pictures using Digital Camera in image and dark state 
in the left and right of the wide viewing angle and        

narrow viewing angle mode are shown in Fig. 6. Fig. 
6(a) shows clear image in center as well as left and 
right, and dark state is well maintained. Fig. 6(b) 
shows clear images in center while the viewing 
directions of the left and right show unclear image, 
and also dark state has a strong light leakage.
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(a)

(b)
Figure 6. Digital Camera image at left and right: (a) wide viewing angle mode, and (b) narrow viewing 
angle mode.

3. Conclusion 
We proposed TN-LCDs, which could switch 

viewing angle. The TN-LCDs have the function of 
switching between the wide viewing mode and narrow 
viewing angle mode using two tilted LC layer. Also, a 
new viewing angle switching structure proposed 
which has a simple structure and a perfect switching 
for wide viewing angle and narrow viewing angle is 
realized. We believe the new device has a potential to 
be applicable to displays for private protection. 
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