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Colorimetric Design and Optical Evaluation of the Color LCDs

Taketoshi UWANO

Abstract

Reflective color liquid crystal displays (LCDs) are important key devises in future informa-
tion oriented society. The reflective LCDs do not use a backlight. The backlight consumes
electric power about one third of the transmitted LCDs. Therefore the long available time of
a buttery is useful for the communication with anybody, in anywhere, in anytime. Backlight-
less device realizes an energy saving world. Design of reflective mode needs a high efficiency
of utilization of the ambient light for the bright display. In the transmissive mode, the
brightness can be easily controlled by the backlight. However, the light energy in the
reflective mode is limited within the ambient light. The loss of light is resulted in darkening
of the display panel. It is an important point of the design of the reflective display. Many
LCD modes in the reflective display with high performance have been discussed and developed
in recent years. In order to improve the efficiency of the ambient light, the reflectance of the
panel must be increased as high as possible. Therefore all components in the reflective device
must be designed in the optimum conditions. A polarizer is the optical device which converts
the incident natural polarized light to the linearly polarized light and is an essential component
for the LCDs. Usually, the property of the polarizer has not been discussed in detail.
However, the optical analysis of the polarizer is necessary for the improvement of the optical
property. In this paper, the evaluation of the polarizer is discussed precisely and the design
concept for the reflective display is clarified.

Chapter 1, the introduction, gives a historical background on the LCDs, the purpose and the
contents of the paper.

Chapter 2 describes a present state and the subjects of the reflective LCDs. Recently, the
technology of the LCDs has made remarkable advances, but an energy consumption must be
decreased for the portable equipment. The tarnsmissive LCDs have the backlight for the
improvement of the intensity of illumination. Therefore, the reflective color LCDs needs more
precise optical design than the transmissive LCDs. Because the incident light loss does not
allowed for the reflective LCDs. The reflective LCDs are classified into three classes in the
point of the scattering function. The detail structures and the comparison was discussed.

Chapter 3 describes the optical characteristics of a linear polarizer. Reflective color
LCDs are important key devises in future information oriented society. The reflective LCD
does not use a backlight. The backlight consumes electric power ahout one third of the
transmitted LCDs. Therefore the long available time of a buttery is useful for the communica-
tion with anybody in anywhere, anytime. Backlight-less device realizes an energy saving
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world. Design of reflective mode needs a high efficiency of utilization of the ambient light for
the bright display. In the transmissive mode, the brightness can be easily controlled by the
backlight. However, the light energy in the reflective mode is limited within the ambient light.
The loss of light is resulted in darkening of the display panel. It is an important point of the
design of the reflective display. Many LCD modes in the reflective display with high perfor-
mance have been discussed and developed in recent years. In order to improve the efficiency
of the ambient light, the reflectance of the panel must be increased as high as possible.
Therefore all components in the reflective device must be designed in the optimum conditions.
A polarizer is an optical device which converts the incident natural polarized light to the
linearly polarized light and is an essential component for the LCDs.  Usually, the property of
the polarizer has not been discussed in detail. However, the optical analysis of the polarizer
is necessary for the improvement of the optical property. In this paper, the evaluation of the
polarizer is discussed precisely and the design concept for the reflective display is clarified.

Two transmittances TIl and Tl are defined as apparent transmittances parallel and
perpendicular to the transmissive axis of the polarizer, respectively. These values involve the
effect of the reflection. Usually, the transmittances of the calculation are not considered the
separation of the reflective components. The polarizer evaluation needs the calculation of
three unknown parameters. For this subject, two stacked polarizers was considered and the
polarizer sheets were stacked such that the boundary of the sheets were glued by the adhesive
material with adjusted refractive index. As the results, it is clarified that the practical
transmittances TIl, T1 and the reflectance R can be calculated.

Optimizing of optical characteristic for a polarizer is considered in this paper. The linear
relationship between the stacked number of the polarizers and absorbance is recognized and it
supports the Lambert-Beer’s law in the polarizer films. Usually, the contrast of a newspaper
is about 5. For the reflective mode, the contrast ratio C =5 is considered as the target value.
It is clarified that there is possibility that the transmittance of the polarizer will be improved
with 3.6% higher transmittance compared with a conventional one for the reflective LCDs.
The evaluation of the linear polarizer is discussed. Considering the reflection loss, the
improvement of the property of the polarizer is suggested and the guideline for the design is
presented.

Chapter 4 describes the colorimetric design of the color LCD mode. A bright reflective
LCD without a backlight is a key device for portable information systems. The guest-host
LCDs use absorption effect of dichroic dyes and have a wide viewing angle cone. So that,
complicated designs of optical compensation in birefringence or optical rotatory power modes
have no use of the GH-LCDs. Black and white color of the GH-LCDs works as a light shutter
of a full color display with micro-color filters and achromatic color must be displayed precisely.
Then it is necessary to mix dyes for achromatic display in the GH-LCDs. In this work, the
design was carried out with the Newton-Raphson method in order to obtain the optimum dye
concentration. As a result, the relationship between the dye concentration and the optical
property was clarified. The process gives us a helpful guideline in fabrication of the reflective
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color LCD and it is expected that the precise color matching improves the quality of GH-LCDs.

Usually, plural dyes are mixed for achromatic color in GH-LCDs. In order to obtain the
objective color, the concentration must be determined precisely. Scheffer suggested that the
Newton-Raphson method is useful for this purpose. Considering the relation between dye
concentration and tri-stimulus values, the following equation was derived from the Newton-
Raphson method in this paper.

The optimization process of dye concentrations is done as follows. At first, arbitrary dye
concentration is given. Tri-stimulus values is compared with the objective values. If they
does not match with, modified dye concentrations are calculated by the above formula. These
processes are repeated until the dye concentrations for achromatic color are obtained. For
example, mixing of three kinds of dyes is considered. The values converge in seven or eight
intervals.

Above mentioned case deals with off sate of GH-LCDs, in which the absorbance is
maximum. At on state, the color balance must be consistent as off-state. This cell can be
supposed to consistent of the surface layers with parallel orientation and the bulk with
perpendicular orientation. The thickness of the surface layer is expressed by and depends
upon the applied voltage and the cell thickness. It is shown that the color balance is sustained
regardless of the surface layer and the applied voltage.

Chapter 5 descibes the conclusion of this papser. The evaluation of the linear polarizer is
discussed. Considering the reflection loss, the improvement of the property of the polarizer is
suggested and the guideline for the design is presented. Considering the characteristics of GH-
cell, the colorimetric design concept is introduced with Newton-Raphson method. The accu-
racy and quickness of this method is verified. Conventionary, the color matching of GH-LCDs
is done empirically by evaluating transmittance spectra or color coordinates x and y. A trial-
and-error method is difficult for precise color control. In this paper, the concept of the
colorimetric design for GH cell is examined. As a result, the process gives us a helpful
guideline in fabrication of the reflective color LCD and it is expected that the precise color
matching improves the quality of LCDs.

Professor (Chairperson) Hidehiro SEKI
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