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A Nod Optical Measurement Method for the Determination of LC Pretilt 
Angle without a Restriction of Pretilt Magnitude and a Cell Gap of LC 

K.Y.HAN', T.UCHTDA and S.B.KWON 
Department of Electronic Engineering, Fanifty of Engineering Tohokii University, 
Sendai. 930-77, Japm 

Abstract To measure a pretilt ande in liquid crystal cells, a crystal rotation 
method is commonly used because of its advantages such as high precision, short 
measurement time and small measurement area The method, however, has the 
restrictions on measurable pretilt rang and available cell thickness; pretilt in the 
range of about 16-60 degrees cannot be measured and the cell thickness should be 
larger than about 1Om. We developed a new pretilt measurement method without 
the restrictions of cell condition. In our new method, a pretilt angle is 
determined from a specific polarization direction of incident light, for which either 
ordinary or extraordinary wave is excited inside the cell. This method permits us 
to easily and accurately measure the pretilt angle in full range of 0-90 degrees. 

key words liquid crystals pretilt angle, measurement method, optical 
measirrement. o y s t a f -  romion method 

In troducb 'on 
Liquid crystal (abbreviated by) molecule aligment has.a marked mfluence on the 

optical characteristic of liquid crystal display (LCDs). The orientation of a LC 
molecule at an interface can be described by an azimuthal angle in plane of the 
surface and by a polar angle away from the surface. The azimuthal angle can be 
measured easily," but the measurement of the polar angle, so-called pretilt angle, 
is more complicated. 
This LC pretilt angle also has a remarkable influence on the eiectro-optical 
properties of LC cellsv' Hence, it is necessary to measure accurately the pretilt 
angle in full range of V-90". At present, the following four methods for measuring 
pretilt have been reported: crystal rotation method,4 capacitance measurement 
method,') mayetic null method' and ATR method? 

Among them, the crystal rotation method is widely used because precise 
measurement is rapidly obtained. This method, however, can not be a p p l i i  to the 
cell with any pretilt angle in the range of about 16"-6V; for a pretilt angle within 
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the range, there is not the corresponding incident angle to render a extremum 
retardation because of the refraction of light at boundary surface. Moreover, in the 
case of thin LC cells about less than IOm, the pretilt angle measured by the 
method can contain a significant error because the change of retardation magitude 
due to the variation of incident a7gle is very small. Also this method requires the 
high uniformity of cell gap. To solve these problems, we developed a new 
method, a pretilt ange can be obtained by selecting a polarization direction of 
incident light to render the excitation of either ordinary or extraordinary wave inside 
the LC cell. 

In this paper, we describe the principle of the new method without the 
restrictions on measurable pretilt range and available cell thickness. Moreover, we 
will discuss the validity of the polarizer rotation method (PRM) by calculation and 
experimental result. 

Measuremen1 p~_nc-ple of New Method 
The configuration of our measurement system is shown Figure 1. A 

homogeneously LC cell with a pretilt ande is put between a polarizer and an 
analyzer. For convenience' sake, let's choose a right handed .y coordinate system, 
where x-axis and z-axis indicate vertical direction and light propagation direction, 
respectively. The polarizer and the analyzer lying in x-y plane are rotated, and 
the LC cell is tilted from x-y plane at a certain angle 8which is the incident angie 

X 
0 . v  

Aoralicn 

Polarizer LC Cell Analyzer 

Figure 1. Schematic diagram of new pretilt measurement system 

of light, where the rubbing direction (parallel to x axis) of the cell parallels to the 
vertical dyection. 

the electric field amplitudes of 
s-wave and pwave, A' and I&' of the light passing through the LC cell are 
connected with those of incident light, A. and A, as follows: 

Using extended Jones matrix representation,'." 

Here, I, and 6 or f,' and ~p '  are the transmittance coefficients when light progress 
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from air to glass or from glass to air. Also, I,, tp, t,# and t, are the transmission 
coefficients of light progessing from #ass to LC layer to @ass, where the 
subscripts o and e indicate the ordinary (0-) and extraordinary (e-)  waves inside the 
LC layer, respectively. On the other hand, e-ikad and e-’knd represent the phase 
retardation of 0-wave and e-wave inside the LC layer, The wave 
vectors’ z-components, k, and k,: of o-wave and e-wave are respectively expressed 

respectively. 

with 

no2cos 2 a + n e  2 . 2  sm a 
nb = 

(4) 

where no, n., aand  6 are ordinary, extraordinary refractive indices of light, the 
pretilt an@e of the cell and the incident angle of light, respectively. 

From eq.(l), the- electric field amplitudes, C.. and C, of the o-wave and e-wave 
inside the LC layer are given by 

When only either o-wave or e-wave is exited in the LC layer, the light 
propagating through the LC layer does not undergo any birefrignce, so that the 
transmitted light results in a linearly polarized one. It is obvious that the o-wave 
excitation or the e-wave excitation is determined by the polarization direction of a 
incident light; when the polarizer angJe 
cbP, the light inside the LC layer becomes an o-wave or e-wave, respectively. 

or 

We consider the o-wave excitation case, where G O .  From eq. (6), we obtain 
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In the case of C,=O, the electric field amplitudes, A,' and A,' of a transmitted light 
becomes 

This transmitted light, of course, is linearly polarized so that we can adjust the 
polarizing direction of analyzer to obtajn zero-transmission at a detector. Let 
denote the analyzer angle in this case by QAO, then 

After some mathematical manipulation similar to the proceedmg ones, we obtain 

tiinBAo = - .tma (11) 
c o s s + J ~  ",2(/m;+/&q 

The polarizer angle @ p  for an ordinary wave excitation inside the LC layer and the 
corresponding analyzer angle @ m  for zero-transmission as a fimction of pretilt angle 
a with a parameter of incident angle 8 are repeatively plotted in Figure 2. It is 
seen from the figures that any pretilt angle in the range of 0"-90" can be determined 
by the polarizer angle or the analyzer angle for which the transmittance is measured 
as zero (actually minimum). 

Ekperirnental wrificatipn of PRM 
For a known cell with a pretilt angle 15.7 degrees that was obtained by an 

improved crystal rotation method.p"O' we measured the transmittance with 
simultaneously rotating the polarizer and analyzer while conserving @.,- @ F @&- @ 
which was calculated by equations (8Mll). And we theoretically calculated the 
transmittance as a function of polarizer angle @P to compare with the measured 
one. Here the incident angle 8 and refractive indices no, n. of liquid crystal used 
are 8=50.0", n ~ 1 . 5 1 2  and n ~ 1 . 6 9 3 .  As shown in Figure 3, the measured 
points are very well fitted by the calculated curve. It conforms the validity of 
our method from the viewpoint of measurement principle and theory. 

To directly evaluate the validity of our method, we measured, by the two 
methods, the pretilt angles of various cells in the measurable range of the crystal 
rotation method, and compared the differently measured values. 
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Figure 2. Relation between pretilt angle aand  corresponding angles, 
(a) polarizer angle@, and @)analyzer angle 
0 for the minimum transmittance. 

with a parameter of incident angle 
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Figure 3. Comparison of the measured and calculated transmittance as a 
function of polarizer angle 
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Figure 4. comparison of the pretilt angles measured by different two methods ( a c :  
improved crystal rotation method, ap:polarizer rotation method) 

The results are shown in Figure 4. 
are agreed with each other within the measurement error. 

It is seen that the differently measured values 
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Q_iscus.s i.on 
While in crystal rotation method a liquid crystal cell is rotated, but in our 

polarizer rotation method a polarizer and an analyzer are rotated during the 
measurement of a transmittance. And a pretilt angle is determined by a 
transmittance minimum point in our method by a symmetric transmittance point in 
crystal rotation method. As the results of the differences in measurement methods, 
our method has the advantages of full measurable range and cell gap independency 
for the measurement of pretilts in comparison with crystal rotation method. In 
addition, there is another noticeable point in our method that the reflections on 
various boundary surfaces of liquid crystal cells are taken into consideration. 

0.1" for the case of small (-10") A T  which is available when high quality 
polarizers, e.g Glan-Thomson, and a PM tube detector are used. 

Moreover, the pretilt angle of LC cell might be measured within the error of 

Conclusions 
We have developed for the first time a new optical method(PRM) which can 

accurately measure a LC pretilt angle without the dependence of a cell gap 
thickness, and a restriction of pretilt W i t u d e  and a cell gap uniformity. 
The measured pretilt error in our method mi$t be less than 0.1 degree in full range 
when available hi& quality polarizer are used. 
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