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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 rota- 
tory 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 color LCD and it is expected that the precise color matching 
improves the quality of GH-LCDs. 

Keywords: Liquid-Crystal; Reflective Display; Colorimetric Design; Guest-Host LCDs; 
Lambert-Beer’s law; Newton-Raphson Method 

Introduction 

A bright reflective LCD without a backlight is a key device for portable infor- 
mation systems. The guest-host LCDs use absorption anisotropy effect of dich- 
roic dyes and have a wide viewing angle cone 1 1  1. So that. the GH-LCDs does 
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4 16/[2276] HIDEHIRO SEKI eta/. 

not need complicated designs of optical compensation in birefringence or optical 
rotatory power modes. One of the applications of GH-LCDs is a black and white 
display which works as a light shutter of a full color reflective display with mi- 
cro-color filters. Then it  is necessary to mix dyes for achromatic display. In this 
work, the colorimetric design is examined with the Newton-Raphson method in 
order to obtain optimum dye concentrations for achromatic color. 

Newton-Raphson method for color matching 

I t  is shown in FIGURE 1 that the absorbances logT,, and logT,of guest-host 

liquid crystal are proportional to dye concentration and electrode spacing 121. 

T,, and T, are transmittances of the incident linear polarized lights whose elec- 

tric vectors are parallel and perpendicular to the molecular orientation. This 
means that the Lambert-Beer's law is able to apply to the GH-LCDs and the 
wavelength dependence of absorption coefficient of dichroic dye is measured, 
any optical characteristic of the GH-LCDs is able to be calculated. 

Usually, plural dyes are mixed for achromatic color in GH-EDs. 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 

00 0 1 0.2 0.3 
- 

0 2 0 4 0 6 0 8 0  

Dye Concentraton ( wt0/o ) E m o d e  Spacing ( v ) 
(a) Dye Concentration Dependence (b) Electrode Spacing Dependence 

FIGURE 1 Lambert-Beer's law in guest-host liquid crystal display 121. 
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COLOR MATCHING OF GUEST-HOST LCDS [2277]/417 

13 1. The concept of colorimetric design with Newton-Raphson method is shown 
in FIGURE 2. Considering the relation between dye concentration and tri-stimulus 
values, the following equation could be derived from the Newton-Raphson method. 

[Clmtl =[Cl, +[DI-'C[Xl, -[XI,) ( 1 )  

Where [C], is a set of arbitrarily dye concentrations. [C]"+, is that of improved 

dye concentrations, [XI. is that of tri-stimulus values at the dye concentrations 

[C], . the elements of [XI. are In-stimulus values for the objective color. [D] is 

a3*3 matrix whose elements are the nine partial derivativesD, = &,/XI evalu- 

ated for [C], . Considering Heilmeier type GH-LCDs, partial derivatives are 

expressed as follows, 

The optimization process of dye concentrations is done as follows. At first, 

Tri ISIym v* 

= p c ,  ................................................ 

Oyalivi-vau "I (C" ~~, I I *  X" I I ) 

: /(C ) ...................... rp) 7.- c c , , ,  - C" 
I -  qccorcmr*.  

FIGURE 2 Concept of colorimetric design with Newton-Raphson method 131. 
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*v 1 

arbitrary dye concentration [a, is given. Tri-stimulus values [XI, for [C], is 

compared with the objective values [XI, . If they does not match with, modi- 

fied dye concentrations [C],,, are calculated by the above formula. These pro- 

cesses are repeated until the dye concentrations for [XL are obtained. 

SIMULATION RESULTS 

For example, mixing of three kinds of dyes is  considered. The absorption 
maximum wavelength of the dyes are 450.550 and 700nm. and full width at half 
height is 100nm. FIGURE 3 and 4 shows the dye concentration and tri-stimulus 
value change in optimization process using the Newton-Raphson method. Ach- 

a i a a to t i  t i  ta 14 te 

FIGURE 3 Dye concentration change in optimization process for tri-stimulus 
values ( X=Y=Z= 5046). 

FIGURE 4 Tri-stimulus value change in optimization prwess (Tri-stimulus 
value: X=Y=Z=50%). 
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COLOR MATCHING OF GUEST-HOST LCDS [2279]/4 19 

romatic color with tri-stimulus values X=Y=Z=509b is considering in this case. 
The values converge in seven or eight intervals. FIGURE 5 shows color coordi- 

nate change in the optimization process. Achromatic color of x=y=033 is ob- 
tained in some stages. FIGURE 6 shows wavelength dependence of transmit- 
tance at optimized dye concentration. In this case, the condition of achromatic 
color is given by X=Y=Z. Achromatic color is obtained though there are strong 
dependence on wavelength. FIGURE 7 shows tri-stimulus value dependence of 
optimized dye concentration for achromatic color. Achromatic color gives com- 
bination of optical dye concentration. 

Y 

X 

FIGURE 5 Color coordinate change in optimization process ( X=Y=Z=50%). 

FIGURE 6 Wavelength dependence of Transmittance in optimized dye con- 
centration. The parameters show tri-stimulus values for achromatic color 
(X=Y =Z). 
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Above mentioned case deals with off sate of GH-LCDs. in which the absor- 
bance is maximum. At on state, the color balance must be consistent as off-state. 
It is generally known that the molecular orientation can be schematically ex- 
pressed as shown in FIGURE 8. Therefore, for convenience, 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 d, and d,  depends upon the applied voltage and the cell thickness. FIGURE 

9 is surface layer dependence of tri-stimulus values at optimized dye concenba- 
tion. It is shown that the color balance is sustained regardless of the surface 
layer and the applied voltage. 

nlabmhmy* 

FIGURE 7 Tri-stimulus value dependence of optimized dye concentratio for 
achromatic color (X=Y=Z). 

FIGURE 8 Molecular orientation under the applied voltage. d, is effective 

thickness of the suraface layer [2]. 
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CONCLUSION 

Considering the characteristics of GH-cell, the colorimetric design concept is 
introduced with Newton-Raphson method. The accuracy 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. 
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FIGURE 9 Surface Layer dependence of tri-stimulus value at optimized dye 
concentration. 
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