Directed vertical alignment liquid crystal display with fast switching
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We describe a directed vertical alignment VA display mode based on a nematic liquid crystal LC
doped with a chiral dopant and confined between two substrates, one of which is pretreated, say, by
unidirectional rubbing or photoalignment. The design allows one to eliminate umbilical defects that
appear during switching of the conventional VA cells and thus to obtain better contrast. Switching
is  30% faster than for VA cells when optimized concentration of a chiral dopant is added and LC
molecules at one of the substrates are slightly tilted from the cell normal due to the unidirectional
surface treatment. © 2006 American Institute of Physics. DOI: 10.1063/1.2172299

Liquid crystal displays LCDs have many advantages
over other display technologies and are widely used nowa-
days. Various types of LCDs have been proposed, such as
twisted nematic TN , in-plane switching IPS , and the pat-
terned vertical alignment PVA mode, each with their ad-
vantages and disadvantages, see, for example, Ref. 1. The
PVA mode is one of the best approaches in commercially
available LCDs. In the OFF state, the molecules are normal
to the two bounding plates thus the phase retardation of the
cell is zero. An electric field applied to the bounding plates
tilts the molecules and causes optical retardation; the mate-
rial is of a negative dielectric anisotropy. Chevron-shaped
patterned electrodes produce a fringe electric field with the
in-plane component that directs the molecular tilt in the ON
state. The resulting multifold symmetry of the director field
gives an excellent viewing angle performance, high transmit-
tance, and contrast ratio. Manufacturing does not require
rubbing. However, the PVA mode is associated with the ap-
pearance and dynamics of defects of the director field in the
ON state, which degrades the brightness and switching
performance.

In this work, we first demonstrate that the defects are
so-called umbilics,>* i.e., pairs of point defects at the bound-
ing plates, by using the three-dimensional 3D visualization
technique of the fluorescence confocal polarizing micros-
copy FCPM 4 We then propose a directed vertical align-
ment DVA mode that allows one to eliminate the umbilics.
In the DVA cell, one of the substrates is treated rubbing to
direct the molecular tilt in the azimuthal direction when the
field is applied and thus to avoid the degeneracy of the di-
rector that causes the umbilics. In addition, the liquid crystal



The above VA mode as well as its patterned version,
PVA, can be further improved by twisting the nematic ma-
trix. As described previously,®™? a twisted structure in-
creases contrast and brightness of the VA and PVA modes,
but at the expense of a longer response time. For the DVA
mode, we found experimentally that all the parameters, in-
cluding the response time, Fig. 2 a, can be optimized by
choosing the appropriate value s of d/p. There is an opti-
mum value of d/p at which the response time is minimized,
d/p 0.23 in Fig. 2 a. We tested various DVA cells with
different gaps while keeping d/p 0.23, and compared their
performance with the normal VA cells, Fig. 2 b . The total
response time of the DVA is improved by more than 20% as
compared to the normal VA. For both the DVA and the nor-
mal VA, the response time is proportional to d?, at least in
the range of thicknesses 3-12 wm studied, as expected.9
We also performed measurements for a PDVA cell with
d/p 0.23 and a normal PVA cell. The response time behav-
ior of the PDVA as a function of d/p is similar to that of the
DVA cell. The rise, decay and total response time normalized
by d> for the PVA mode are  7,./d?

1.39 ms/um?, 7gecay/d®  0.88 ms/um?,  and  7g/d?
2.27 ms/um?, while for the PDVA cell with d/p 0.23,
they are generally smaller: Trise 02
0.87 Ms/ um?, Tyecay/d?  0.87 ms/um?,  and 7/ d?
1.74 ms/ um?, respectively. The response time shown in
Fig. 2 is measured using voltage pulses of a constant ampli-



The twisted structure also helps one to reduce the azi-
muthal angular dependence of the light transmission between
crossed polarizers the azimuthal angle ¢ is defined as the
angle between the rubbing direction and the polarization of
incoming light . The effect is illustrated in Fig. 3 where we
compare the light transmission versus ¢ for the DVA cells
with d/p=0 and d/p 0.23. Besides the ratio d/p, one also
needs to optimize the birefringence An of the LC and/or the
corresponding thickness d. This optimization would depend
on the voltage used to drive the cells. Our computer simula-
tions based on Jones Matrix Method**® demonstrate that for
a certain An, there is a well-defined cell gap d for which the
azimuthal angular dependence of transmission, brightness,
and contrast are optimized; the optimum value of And is
around 0.66 um for d/p 0.23.

To characterize the viewing angle, we attached crossed
plastic polarizers to the outer sides of the glass plates. The
polar and azimuthal angles that define the orientation of the
cell normal with respect to the incident beam achromatic
light are controlled with an accuracy better than 0.1°. Figure
4 shows the viewing angle performance of the PVA, DVA
and PDVA cells measured under the same conditions; the
data represent the contrast ratio for different polar and azi-
muthal angles. Note that the values of contrast ratio, espe-
cially off-axis, for all cells in Fig. 4 can be further increased
by using high quality polarizers with better extinction coef-
ficients and off-axis polarization quality. A multidomain PVA
cell gives a much better viewing angle performance, Fig.
4 a, as compared to a mono-domain DVA cell, Fig. 4 b .
However, viewing angle characteristics of the multidomain
PDVA mode, Fig. 4 ¢, is comparable to those of the PVA,
although at present still slightly worse than in the PVA. The
cell parameters could be further optimized and the compen-
sation films™® could be employed to further improve the
viewing angle performances of both DVA and PDVA. Note
that the rubbing direction in this work was chosen to be
along one of the directions of the chevron electrodes, be-
cause in the ON state, the effect of the fringe field on the
twisted director is maximized to improve the viewing angle.
Other configurations are possible, too.

In conclusion, we have demonstrated the DVA mode, in
which the appearance of defects-umbilics during the switch-
ing process is eliminated. As the result, the display shows

stable electro-optic characteristics, enhanced brightness and
fast switching. The approach can be used as a nonpatterned
DVA mode when the viewing angle is not important, or as



