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Student : Wei-Hsiang Liao Advisor : Kei-Hsiung Yang

Institute of Photonic Systems
National Chiao Tung University

Abstract

The most popular color generation of TFT-LCDs has been based on pigment dispersed
(PD) color filters (CFs) built in the LCD panel to produce sub-pixel-red (R), -green (G), and —
blue (B) colors from a backlight system attached onto the panel. Experimental results showed
that, by placing such PDCF plate between cross polarizers, additional light leakage occurred
due to the change of the linearly polarized input light into elliptically polarized output light.
We call this effect as the depolarization-induced degradation of contrast ratio (DID-CR) due
to the PDCF.

The DID-CR depends on the particle size of PDCF. So far, there have been no prior
publications to explain the mechanism of DID-CR of the PDCF. In this thesis, we suggest two
optical models: birefringent effect (BRE) and Mie scattering effect (MSE) caused by PDCF
particles to explain the phenomenon of DID-CR.

In the BRE model, we use Jones matrix method to calculate the DID effect through a
PDCF of fixed thickness but composed of multi-layer pigment-particles of different sizes.
Using the BRE model, we have confirmed the occurrence of DID-CR that is proportional to
the particle sizes within the PDCF plate consistent with published results.

In our MSE model, we have assumed that the PDCF particles are optically isotropic and
the effect of DID-CR disappears for forward-scattered lights independent of particles sizes.
For fixed particle size, the effect of DID-CR increases with increasing oblique-scattered
angles and the scattered intensity within the same solid angle increases as the particle size



decreases. The MSE model at this moment of development is unable to produce suitable
numerical results to compare with the experimental results that the effect of DID-CR is more
severe with larger particles and much reduced with smaller particles within the PDCF layer.
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Analytic Solution of Phase Transfer Function for a General
Twisted Nematic Cell

Chih Hao Kuo'*, Wei Hsiang Liao?, and Kei Hsiung Yang®

YInstitute of Imaging and Biomedical Photonics, ?Institute of Photonic System
College of Photonics,National Chiao Tung University, Guiren, Tainan
*hunter359.cop98g@nctu.edu.tw

Abstract---Analytic solution of phase transfer function for a general twisted nematic (GTN) cell
has been derived. The solution can be applied to analyze data obtained by Heterodyne interferometry
to derive important cell parameters such as cell gap, pretilt and twist angles.

Keywords: phase difference, retardation, Jones matrix, liquid crystal cell gap, pretilt angle,

twist angle

INTRODUCTION
LCDs (liquid crystal displays) become dominant from small-size mobile to large-size TV
applications. To optimize the display qualities of LCDs, it is imperative to obtain optimized cell
parameters such as cell gap, pretilt and twist angles. Recent publication [1] indicates that, by measuring
the retardation of a GTN cell rotating along its cell normal in a Heterodyne interferometeric system, all
the above three parameters can be obtained by fitting the experimental results to the calculated results
using numerical computation in a computer [1]. This paper presents analytical solutions to replace the

published numerical computations of Jones matrix method for better accuracy and faster analysis.

THEORETICAL CALCULATION

If the incident light into a GTN cell is linearly polarized along x-axis and can be expressed as ((1))
. . o - . Eye?
in Jones-vector representation, the polarization state of the emerging light can be written as g 0
ye?
The phase difference of ¥ = (@) — @,) can be measured by using an optical Heterodyne

interferometeric system. We can carry out the following theoretical derivations.

We choose (1

0) to be the input Jones vector to incident upon a GTN cell with arbitrary rotation

angle B, twist angle @, and pretilt angle 6 as shown in the Figure below.



Exit LC Director
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¢ Entrance LC Director @ : twist angle
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Entrance Polarizer
Our output Jones vector
o I'sinX sinX
Erel1\ (cosﬁ —sin [3) (cos(z) —sin(Z)) cosX 127X @ X < cosB  sin B) (1)
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I'sinX sinX
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negr(0) = —elo » n, and n, are the refraction index of extraordinary

\/(ne sin 0)2+(n, cos 6)2

light and ordinary light respectively
0 is the pretilt angle of the general TN cell
A is wave length of the incident light.
) reif1 By il o Ey o . .
We can rewrite ) as =Xel(®1792) = Zx6i0 where 0 is the phase difference. We, then,
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Let a = cosXcos(2)+Q)sinQ)Sinx , b= —Esmxcos(@+2[3)
2 X

X
c= cosXsinQ)—Q)cosQ)SlnX ,d =£Smxsin(¢+2[3)
X 2 X

(a+ ib)(c + id) = (ac — bd) + i(ad + bc) = \/(ac — bd)? + (ad + bc)2ze®’

;L -1 (ad+bc)) ; __ ad+bc _.
0’ = tan ((ac_bd) — tan@’ = —pq- Finally, we have

sin 23 +%cos 2BtanX

tan@' = -
(?) (%) + (@) (sin? @ — cos? @) — (ZFL))(Z) cos@sin@tanX + (%) cos(® + 2PB) sin(@ + 2B) tan X
Let — = u, then
20
tan o' uy/1+u? sin 2B+u cos 28 tan((Z)\/1+u2)
an =

(1+u?) _Cos@sin® ++y/1+u2(sin? —cos? @)—cos @ sin @ tan((z)\/ 1+u2)+u2 cos(@+2PB) sin(p+2B) tan((z)\/ 1+u2)
tan((z)\/ 1+u2)

The above equation shows the analytic solution of phase transfer function for a GTN cell.

CONCLUSIONS
We have derived an analytic solution of phase transfer function for a general TN cell. This
analytic solution can be used to derive the pretilt angle, cell gap, and twist angle of a TN or GTN cell

from measured data of retardation versus rotation angle B with better accuracy and faster analysis.
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