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Polarizerless Nanomaterial Doped Guest-Host 
LCD Exhibiting High Luminance and Good 

Legibility 

MIEKO SUZUKI, HIROKAZU FURUE and SHUNSUKE KOBAYASHI 

Liquid Crystal Institute and Graduate School of Engineering Science, Science 
University of %k,yo in It.muguchi, 1-I-1 Daigaku-dori ONODA YAMAGUCHI 

756-0884, JAPAN 

A polarirerless reflective guest-host LCD, which exhibits high luniinance and good legibility 
has been fabricate by using NLC with A E < 0 that is doped with nanomaterial molecnles, 
fullerene C60, and dichroic dye molecules, where the N1 .CE are homeotroptically aligned 
without rubbing. It is considered that the doped C,, ~iiolecules rnay play a role in reducing 
the order parameter of the host NLC, and in turn, the contrast ratio is enhanced. 

Keywords: guest-host LCD: tullerene C,, doped NLC; polarizerless GH-LCD 

1 INTRODUCTION 

Nowadays, there exists strong demand for a reflective LCD that 
exhibits good legibility with low power consumption. This will bc 
realized by developing a new LCD that has high luminance state in the 
quiescent condition and good dark state in the energized condition. [ 11 

[3959]/191 
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For finding a solution to this difficult prohlcm, we formulated thc 
idea to use a nanoscopic material doped nematic liquid crystal (NLC) as 
a host LCD of a guest-host (GH)-LCD. [ 2 ]  Actually used nanoscopic 
material is Ca. [3] Very good light state is realized by adopting 
homeotoropic alignment of the NLC with & < 0 and by without 
using polarizer. Fairy good dark state is also realized by the existence of 
Cm that may play a role in reducing the order parameter of the host 
NLC in the energized state; this may randomize the orientation of dye 
molecules that well absorb incident unpolarized natural light. Thus the 
GH-LCD attains good contrast ratio. 

The present paper reports the fabrication of GH-LCDs and their 
characterization such as Schlieren textures, order parameters, and 
electrooptic characteristics. 

2 EXPERIMENTALS 

IJsed materials this research a?e NLC, ZLI-2806 (Merck) with A 
& < 0 = -4.8; polyimide for alignment layers, RN1276 (Nissan 
Chern.Ind), dichroic dye, S-428 (MITSUI TOATU CHEMICALS); and 
nanomaterial, fullerene C60. The NLC is aligned homeotroptically 
without rubbing. A conventional optical system and an optical density 
measuring instrument (Macbeth, Model-RD914) were used to 
characterize the optical characteristics of GH-LCDs. 

3 RESULT'S 

3.1 Electroopic characteristics 

Figure 1 compares the electrooptic performance of GH-LCDs with 
Cm and without Ca. The top line (a) shows the relative transmittance of 
a cell with c d y  NLC; the second line (b) shows the data of NLC doped 
with only CW; the curve (c) represents the EO performance of the 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

36
 1

6 
A

ug
us

t 2
01

2 



POLARlZERl ,ESS NANOMATERIAL DOPED 

GH-LCD with only dichroic dye; and further the bottom line (d) 
indicates the EO performance of a GH-LCD doped with not only 
dichroic dye molecules but also fullerene CW molecules. 

The light state of the cell (d), which produces the curve (d), shows 
very high lightness reaching L* = 70 owing to polarizerless, and 
obtained lightness in the dark state of the cell (d) is L* = 45 that were 
evaluated by a reflective optical density measurement. In this way, the 
obtained lightness difference is shown to be enhanced by 60 % over that 
of the cell (c). 

ILK, . , . , . , . , . , 

+ 
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c ( c r  LC+dve 
(d, LC+dye+CKI 

2 4 6 8 10 

v o 1  t S  [ V ]  

FIGURE1 Electmpeical characteristics of GH-LCD 

3.2 Schlieren textures 

A NLC molecules with A & < 0, which is aligned 
horneotroptically, tend to incline form the vertical conformation to the 
inclined conformation accompanying defects called “umbilicus” and the 
medium exhibits Schlieren textures. Figures 2 shows the variation of 
Schlieren textures of the cells (a) through (d), respectively, with 
increasing applied voltages. It is clearly recognized that the cell (d) 
containing C ,  has a more fine texture as increasing applied voltages 
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I94113962 1 MlEKO SUZUKJ ri u/ 

compared to those of the cell (c) without doping CMI. This phenomenon 
may suggest that C ~ O  molecules. which are dissolved into the GH-LCD 
cell, may pla). a role in reducing the order parameter of the host NLC. 
‘This may contribute to randomize the distribution of dichroic dye 
molecules that absorb natural unpolarized light incident upon the cell. In 
this way, our GH-LCD cell produces good dark state. This, in turn, 
results in high contrast ratio. 

j.3 Order paraincters 

Along with thc ohsercdtion ot Schlicrcn textures, w t  came up wi th  
:in idea to  [neriwre the order parameter of d GH LCI) cell (cl) doped 
with Ch(,  in conipmson to a plain GH-LCD cell ( c )  

O n  Table 1 v.e compare the measured valued of order parantetcrs 
of GH-I,CD cell (c) and (d), respectively 

A GH-I CD cell doped with both dye and CC,o shows lower order 
parameter comparing to a cell with only dye nioleculcc at q u i e w n t  
condition This result is in agreement with the data shown in F1.g 1 and 
1 - 
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[39631/195 POLARIZERLESS NANOM.4TERIA L DOPED ... 

Table 1 Order parameter of GH-NLC cells 

Cells Order parameters 

(c) with dye only 
(d) with dye and CW 

0.6 
0.57 

4 DISCUSSIONS 

As regards the role of Cw dissolved into NLC as a host of the 
GH-LCD cell, it is suggested that the Cw molecules may contribute to 
reduce the order parameter of the host NLC of the GH-LCD; this, in 
turn, randomizes the distribution of dichroic molecules especially as 
increasing applied voltage. The dichroic molecules in this state 
distribute at random but are almost parallel to the substrates. These 
dichroic dye molecules well absorb unpolarized natural light incident 
upon the cell. This may contribute increase contrast ratio. 

5 CONCLUSIONS 

A GH-LCD fabricated using a NLC with h E < 0 and doped with 
not only dichroic dye molecules and also fulletene Cm molecules is 
shown to exhibit very high luminance level of L* = 70 at the quiescent 
condition owing to polarizerless and to exhibit good dark black state of 
L* = 45 due to the existence of dissolved Cm molecules that may 
contribute to randomize dichroic molecules, which absorb incident 
unpolarized natural light. This situation may produces good contrast 
ratio; according to a reflective optical density measurement, the 
lightness difference of a GH-LCD with Cm increases by 60 % compared 
to that of a plain GH-LCD cell. Furthermore our GH-LCD will be 
fabricated easily because of the no use of rubbing process. 
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