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Abstract
Evaluating method of the device parameters of 

liquid crystal display (LCD) by means of the 
renormalized transmission spectroscopic ellipsometry 
is demonstrated. Dielectric and elastic constant, 
threshold voltage, pretilt angle, cell gap and 
Anchoring strength coefficients can be evaluated from 
the measurement of ellipsometric parameters 
measured by the symmetrically oblique incidence 
transmission ellipsometry (SOITE). Furthermore, 
rapid evaluating method for rubbed polyimide film is 
also demonstrated. 

1. Introduction 
The evaluation of the state of polarization, which is 

so-called ellipsometry, can provide us fruitful 
information such as the properties of thin films as 
well as the characteristics of LC Devices. Hirosawa 
demonstrated the evaluation of pre-rubbed polyimide 
surface by means of the ellipsometry [1], where the 
thickness, dielectric constants and tilt angle of the 
principal dielectric axis of the molecularly oriented 
upper layer and thickness of the random layer in 
rubbed polyimide films can be determined by 
analyzing the anisotropic polarization of reflected 
light. In 1980’s to 1990’s, several types of evaluation 
technique of polar anchoring energy coefficient A
which is based on the measurement of optical 
retardation (R) of the LC cell have been proposed 
[2,3]. Fundamentally, when the subject A  is 
relatively weak or cell gap d is relatively wide, R
should be measured appropriately. However, R
measured by the experiment was not genuine R.
Because, LCD is composed of glass substrates, 
transparent electrodes, alignment films and an LC 
layer, the experimentally measured value contains the 
optical effect of the multiple-beam interference (MBI). 
Akahane [4] reported that MBI may induce a serious 
error in the determination of A . It was also pointed 
out that; to determine the anchoring strength 

accurately, it is necessary to measure preliminarily the 
physical parameters such as the thickness and 
refractive indices of transparent electrodes, alignment 
films, and then these parameters have to be taken into 
consideration in the numerical analysis of multilayer. 
The technique has been successfully realized and was 
reported as the total reflection ellipsometry for LCD
[5]. However, the measurements of the optical 
constants of transparent electrodes and alignment 
films may cause practical complexity as well as 
experimental errors. Therefore, another technique of 
eliminating the effect of MBI is expected.   

Recently, an optical technique for eliminating the 
effect of MBI is developed by the detailed analysis of 
the symmetrically oblique incidence transmission 
ellipsometry (SOITE) [6].  The accurate measurement 
of the director distortion of a Nematic LC (NLC) 
without information on the refractive indices of 
transparent electrodes, alignment films and glass 
substrates results in the realization of A  with a high 
accuracy. Furthermore, it is demonstrated that 6 LCD 
device parameters of the dielectric anisotropy 

/)( || , elastic constant anisotropy 

113 /)( KKK , threshold voltage VC, pretilt 
angle p, cell gap d can be evaluated simultaneously.  

In this report, it will be reported that the SOITE 
method is applicable to negative dielectric constant 
LC materials with vertically aligned cell as well as the 
positive dielectric constant LC materials with 
homogeneously aligned cell. As an application of 
ellipsometry, rapid evaluating method for rubbed 
polyimide film is also demonstrated. 

2. SOITE method 
When the refractive index of a thin film is different 

from that of the exterior refractive index, multiple-
beam reflection and multiple-beam interference occur. 
Now let us consider the obliquely incident light 
toward an LCD, as shown in fig.1.
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The phase difference between p-polarized and s-
polarized light for +  and -  incidences are expressed 
as + and -, respectively. Algebraically, + and -

can be expressed by the summation of the genuine 
retardation and the components of multiple-beam 
reflection, which is expressed as 

(1),, RR

where + and 
-
 represent algebraically the phase 

difference caused by multiple-beam reflection. Here, 
it is theoretically proved that + = 

-
[6]. This means 

that, from the continuum theory, A  can be estimated 
by  
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where = (K33 K 11) K 11 , K 11 and K 33  are the spray 
and bend elastic constant, = a , a =  || ,
is the wavelength of the incident ray, d is the cell gap.  

0 and m are the angle between the director and xy
plane at the surface and middle of the cell under the 
applied electric field, 0 0 p, p is pretilt angle.  

Experimentally, A  can be estimated by 
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Where V is applied voltage to the NLC cell. From the 
numerical procedure with polytope method, when the 
wavelength dispersion of the refractive indices of 
NLC are already known, A , d and p can be extracted 
[7].  

3. Evaluation of pre-rubbed polyimide surface 
    For the purpose of evaluating the thickness of the 
effective orientation layer of the pre-rubbed polyimide, 
reflection ellipsometry is suitable instrument. 
However, one of the shortcomings is that the required 
measurement interval time for analyzing the 
ellipsometric parameters  and  from the intensity 
of the reflected light is fairly long. Therefore, whole 
surface inspection of LCD product by ellipsometer is 
in fact impossible because of the required 
measurement time.

Figure 1 Schematics of LCD and incident and 
outgoing rays. 

    If the main purpose of the whole surface inspection 
is to detect the faulty area on the pre-rubbed 
polyimide surface, absolute values of  and  are not 
necessary, while a distribution of a relative value is 
quite important. Therefore, it is expected that the 
distribution of the intensity of reflected light is 
detected instead of ellipsometric parameter, and 
required analyzing time can be dramatically reduced. 
Tanooka et al. developed a new type of imaging 
ellipsometer that is capable of rapidly visualizing the 
in-plane distribution of film thickness at the 
nanometer scale and displaying the results as a color 
distribution. To apply their ellipsometry for rubbed 
polyimide surface, however, uniaxial orientation 
direction can not be extracted clearly. Conventional 
reflection ellipsometry is still strong in detecting the 
uniaxial orientation direction distribution, because 
reflection ellipsometry processes both s- and p-
polarized light for an azimuth circle. Figure 2 
represent a numerically simulated iso-intensity chart 
of the p-polarized reflection light from the pre-rubbed 
polyimide surface, where the illuminated light is 
supposed to be p-polarized, wavelength is 632.8nm, 
and incident angle is 56.8 deg. From the fig. 2, it is 
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easily found that the shape of the iso-intensity curve is 
similar to a character of eight. The symmetry axis of 
the curve corresponds to the supposed rubbing 
direction. To obtain such a chart experimentally, 
generally say, it is necessary to rotate the sample in 
azimuthal direction.  

Figure 2 Simulation of the iso-intensity chart of 
reflection light from the pre-rubbed polyimide. 

To realize both a whole surface inspection with 
short measurement time and detection of orientation 
distribution, we designed a novel measurement setup 
[9]. Figure 3 shows the illustration of the 
measurement setup. The circularly polarized light 
passing through the polarizer and quarter wave plate 
is diverged by concave lens. To compose the lock-in 
detection system, light chopper in installed. To obtain 
the linearly polarized incident light (viz. p- or s-
polarized light), a polarizer is located inside the hole 
of the light chopper. As a result, the inspection is 
done against an area of loop, whose diameter can be 
reduced by optimum design (~several mm). The 
reflected light is also diverging and loop shape, 
therefore iso-intensity chart can be derived by 
detector located along a loop at equal intervals. (in 
fig.3, because of the space limit, only three detectors 
are depicted).  If 16 detectors with analyzer are 
located, p- or s-polarized reflection in 16 azimuths 
can be obtained simultaneously. Substituting these 
measured data into an appropriate numerical 
interpolation, iso-intensity chart can be depicted.  

Figure 3  Illustration of the novel reflection intensity 
measurement setup. 

4. Results 
    Figure 4 shows the dependence of + and - of 
homeotropically aligned nematic liquid crystal sample 
cell on applying electric field V, where incident angle 

=45 degree and =560nm. The negative dielectric 
anisotropic LC material used in this experiment was 
MLC-2038 (Merck). The nominal d is 10 m.  
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Figure 4 Dependence of + and - on applied field V.
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From fig.5, the dependence of -- + on applying 
electric field V is replotted in fig. 5, where the solid 
line is the numerical fitting. Minimizing the square 
errors between the calculated and the experimentally 
measured values of -- +, subject cell parameters d,

p and A  as well as the physical values  and  are 
obtained simultaneously.   

3. Conclusion 
From the numerical and experimental studies, it 

was found that the cell parameters d, p and A  as 
well as the physical values  and  of negative 
dielectric anisotropic LC can be determined 
simultaneously by the renormalized transmission 
ellipsometry. It is quite beneficial that, not only the 
surface anchoring coefficient but also the physical 
values of NLC can be determined with one general-
purpose measuring instrument, ellipsometry.  
Furthermore, novel inspection setup for pre-rubbed 
polyimide is proposed. By improving the optical 
system, real product of pre-rubbed polyimide can be 
evaluated.
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Figure 5 Dependence of -- + on applying field V.

    From fig. 2, it is found that, to inspect the faulty 
area on the polyimide surface, 10-5 order of resolution 
for the absolute reflection intensity seems to be 
required. It is known that the amplitude ratio between 
the highest intensity and lowest intensity in the iso-
intensity chart depends on the optical phase difference. 
Actually, birefringence induced by rubbing process is 
fairly small. To verify the capability of the proposed 
measurement, as a preliminary trial, optically uniaxial 
retardation films were evaluated as shown in fig. 6, 
where the incident light was p-polarized and detected 
light was s-polarized. A symmetric butterfly chart can 
be found from fig.6. Designing a precise optical 
system, the proposed measurement can be applicable 
to the inspection of pre-rubbed polyimide surface.  
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Figure 6 Reflection measurement for retardation film. 
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