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ABSTRACT

A new method of measuring arbitrary pretilt an-
gle for LCD using photo-elastic modulator is dis-
cussed. Different from crystal rotation method, it is
able to measure pretilt angles accurately from 0 to
90 degree. No cell gap and wavelength informa-
tion is required. It is also possible to determine
two-dimensional liquid crystal cell parameter dis-
tributions at real time.

INTRODUCTION

Pretilt angle is one of the important factors in
designing LCD. It is becoming more important in
new applications that are based on large pretilt
angles. For example, in order to improve the re-
sponse time of ECB, OCB or NBB mode LCD, 10°
to 70° pretilt angle is required. For compensation
film, o-plate or wide view angle films can be fabri-
cated using high pretilt angle alignment surface.
As well, for bistable mode display, obtaining pretilt
angle from 45° to 80° is the essential for bistable
bend splay, bistable twisted bend display.

All the new applications mentioned require high
pretilt angles from 10° to 80°. Therefore, it is in-
deed important to control the pretilt angle accu-
rately and evaluation of the pretilt angles is indis-
pensable. It is well known that conventional crystal
rotation method'? is not applicable to the whole
range of 10 to 80 degree. It is because of the shift
of the center of the fringe pattern. Therefore, we
propose a simple method to handle such problem.
In addition, this method can also be modified for
determining two-dimensional cell parameter distri-
butions by using a high resolution CCD camera.

METHODOLOGY

Figure 1 shows the optical setup for the meas-
urement. L — is the Helium Neon laser with wave-

length 632.5nm, LCD sample is placed at the ro-
tator and the PEM-90 is photoelastic modulators
from Hinds Instruments, P and A is the polarizer
and analyzer and D is the detector. The setup is
simple and similar to crystal rotation.
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Fig. 1 The optical setup of our proposed
method

L is the He-Ne laser at 632.8nm; P is the
polarizer at +45 degree to the direction of the
rubbing; LC is the LC sample; PEM-90 is the
photoelastic modulators; A is the analyzer at
—45 degree to the rubbing direction; and D is
the detector; the blue arrows mean the rub-
bing direction of 1% and 2™ alignment layer.

However, rather than measuring the light inten-
sity, we measure the absolute retardation of the
LCD at oblique incident angle using photo-elastic
modulator. Basically, the retardation of homoge-
nous LCD? corresponding to different incident an-
gle are formulated as [1]
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Here I"is the retardation of the LC cell, d is the cell
gap of LC, A is the wavelength of the incident light,
a is the pretilt angle, 0 is the laser incident angle.
Also n, and n, are the extraordinary and ordinary
refractive indices of LC, respectively.

From [1], it is found that both pretilt angle — a
and cell gap — d are unknown yet. In order to
eliminate the cell gap variable, two different inci-
dent angles are applied. The equation of the [1]
can be rewritten as [4].
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It is found that there is only one variable pretilt
angle — ain [4]. It is possible to calculate the pretilt
angle directly without any cell gap information.
Such method is also insensitive to dispersion of
liquid crystal. It is because the pretilt angle is ob-
tained from the ratio of retardation. The effect of
dispersion is not very significant. After obtained the
pretilt angle, we can also calculate the corre-
sponding cell gap at the same time [5]. However, it
is not a very good method to obtain cell gap data.
It is because it is highly depends on the accuracy
of the value of n, and n,. It is known that there is
dispersion according different measurement
wavelength exact value of n, and n, is difficult to
obtain. Therefore we can only obtain a roughly
range of cell gap. From the experimental results, it
is found that the error is about 5%.
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RESULTS AND DISCUSSIONS

In order to verify the proposed measurement
method, several homogenous cells (A, B, C, D)
with different pretilt angles, Figure 2, are fabricated
using different mixing ratio of H and V polyimides3.
The cell gap is around 5um. Liquid crystal is
MLC-6080.

Figure 3 shows their corresponding measured
retardation against different laser incident angles.
We arbitrarily pick 2 retardation values at different
incident angles such as 0 and —45 degrees, and
then calculate the pretilt angles. The experimental
results are summarized at Table 1.
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Fig. 2 The test cells A, B, C, D using 5um
Spacer, liquid crystal is MLC-6080 (An is
0.2026, n. is 1.71) provided by Merck.
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Fig. 3 Measured retardation of cell A, B,
C, D at different incident angle.

Table 1 Measured Results using proposed

method.
LC Cell Pretilt Angle Cell gap
(deg.) (pm)
A 70.36 5.33
B 57.58 5.32
C 44.25 4.83
D 15.08 5.24

Based on the measured parameters, the corre-
sponding LCD transmission intensity at different
incident angles can be calculated as [6].
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We also measure the transmission intensity and
compare the calculated and measured results.
Figure 4a — d shows there are good agreements
between the calculated and measured data. It is
also verified that our measurement method is able
to measure the pretilt angle accurately.
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Fig. 4 (a) The pretilt angle is 70.36 de-
gree. Cell gap is 5.08um. (b) The pretilt
angle is 57.58 degree, cell gap is 5.33um.
(c) The pretilt angle is 44.25 degree, cell
gap is 5.08um (d) The pretilt angle is 15.08
dearee, cell gap is 5.49um.

The selection of the incident angles actually is
arbitrary. Figure 5 shows the results of calculated
pretilt angle of cell C using different incident angles.
We fix 6; equal to 0 degree and vary 6, from —60
to +60 degree. The deviation is less than 1 degree.
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Fig. 5 the results of calculated pretilt
angle of Cell C using different incident
angles. Fix 8, equal to 0 degree and vary
0, from —60 to +60 degree. The deviation
is about +1 degree.

CONCLUSION

As mentioned before, many new LCD devices
can be fabricated using high pretilt angles such as
fast LCDs and bistable LCDs and retardation film
by using LCP. Since our method can use any 2
incident angles, it can be as small as £10 degree,
to obtain the pretilt angle and cell gap the same
time. It is a promising advantage for determining
two-dimensional cell parameter distributions at real
time. Also, by updating the retardation [1] for re-
flective display, we can measure the pretilt angle
and cell gap for reflective LCD cell using such
method as well.
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