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Viewing Characteristics of Nematic Liquid 
Crystal Cells with Homogeneous Micro-Domains 

Embedded in Omeotropic Alignment 

DONG GUK KIMa, SIN-DO0 LEEb and HEE-WOO RHEEa 

aDept. of Chem. Eng., Sogang Univ., Seoul 121-742, Korea and 'School of 
Electrical Eng., Seoul National Univ., Seoul 151-742, Korea 

The hybrid double layer with homogeneous micro-domains embedded in homeotropic align- 
ment was used for improving viewing characteristics of vertically aligned nematic liquid 
crystal (LC) cells. After surface treatment of a polyimide (PI) layer blended with [poly(vinyl 
cinnamate)] (PVCi), the homogeneous micro-domains were found to be uniformly distrib- 
uted over the homeotropic layer. The contrast ratio of LC cells, made with the hybrid double 
layer, along the direction of 45" to one of the polarizers, was about 1 0 1  up to i30° without 
any compensation film. 

Keywords: viewing characteristics; vertically aligned mode; homeotropic-homogeneous 
hybrid double layer 

INTRODUCTION 

Recently, liquid crystal displays (1,CDs) with muhidomains (typically 2 
or 4 domains) have been developed in order to improve viewing angle 
characteristics [1,2]. One of technologies of improving viewing 
characteristics is to divide each pixel into subdomains in which thei 
optical characteristics compensate with each other. However, since the 
muhidomin mthod involves complicated and costly processes such as 
photolithography and multiple rubbing processes, it has still many 
problems to be employed in mass production of LCDs [3]. 

Therehre, we have studied a hybrid double layer with homogeneous 
micro-domains embedded in homeotropic alignment as an alignment 
layer for wide viewing LCDs. The contrast ratio of 1,C cells, made with 
such hybrid double layer, along the direction of 45" to one of the 
polari7en, waq abut  10: 1 up to *30" without any compensation film. 
Subtle changes in surface treatment of the hybrid layer were found to 
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play an important role in controlling uniformity of the LC alignment. 

EXPERIMENTAL 

In order to prepare a homeotropic-homogeneous hybrid layer with 
micro-domains, a homogeneous polyimide (PI) layer (AL 3046, JSR 
Co.) was first spin-coated on indium-tin-oxide glass. On the top of such 
layer, another PI (JALS-204, JSR Co.), giving homeotropic alignment, 
blended with PVCi was subsequently coated. The blending ratio of 
PVPVCi was adjusted to find the optimum condition. A mixture of 
mnochlorobenzene and dichloroethane that acts as a good solvent for 
PVCi but poor one for PI was used for surface treatment. Test cells 
wme then made with rubbed hybrid substrates. The celh were filled with 
a commercial liquid crystal (EN-40, Chisso Co.) which has negative 
dielectric wisotropy. ‘The gap of each cell was nominally 5 pn. S U M  
morphology of the homeotrupic-homogeneous hybrid layer with micro- 
domains was studied by an atomic force microscope (AFM) and an 
optical polarizing microscope. The viewing angle characteristics were 
determined from the measured iso-contrast map of the test cells. 

RESULTS AND DISCUSSION 

The AFM images of the surfilce treated alignment layer are shown m 
Figure 1 as a !kction of the weight ratio of PI to PVCi. 

FIGURE 1 
domains: (a)PI:PVCi=103, (b) 1 0 5 , d ( c )  107(sxrmingsk 4 p X 4  p). 

The AFM images of homeotropic-homogeneous rnicro- 
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HYBRID ALIGNMENT LAYER FOR WIDE VIEWING ANGLE 251 

Homogeneous domains of less than 10 micrometers are clearly seen in 
Figure I .  Note that PVCi domains distributed over the homeotropic 
layer were washed out by surface treatment. The homogeneous domains 
were varied from 1 pm to 10 pm and they tend to increase with 
increasing the weight ratio of PVCi. This comes from the aggregation 
tendency of PVCi in the high concentration regime. 

In order to investigate the LC orientation, an optical polarizing 
microscope was used. 

FIGURE 2 
(a) PI:PVCi=IO:O, (b) 10:3, and (c) 105 (magnification: x 200). 

The microscopic textures of the test cells: 

It  is clear from Figure 2 (a) that no light can pass through the cell under 
crossed polarizers because all LC directors are vertically aligned. In 
Figures 2(b) and 2(c), the observed white spots of less than 10 
micrometers are the homogeneous micro-domains embedded in the 
homeotropic layer. This tells us that PVCi was successfully removed by 
surface treatment without doing damage to the homeotropic layer. 

Viewing characteristics of the test cells with homogeneous micro- 
domains embedded in homeotropic alignment are shown in Figure 3. 
The rubbing directions were anti-parallel and polarizers were positioned 
along the direction of 45' to the rubbing direction. Figures 3(a) and (b) 
show that the contrast ratio of the test cells, made with the hybrid 
double layer, along the direction of 45" to one of the polarizers. was 
about 1O:l up to *30" without any compensation film. On the other hand, 
the simulation result of vertically aligned (VA) mode (Figure 3 (c)) 
indicates that along the rubbing direction of 45" to the polarier, the 
contrast ratio of 1O:l was obtained up to *22". This value is close to 
other simulation results [4]. The reason why the cell nude with the 
hybrid double layer showed better viewing characteristics than VA mode 
one is that LC orientation was influenced by homogeneous micro- 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

46
 1

6 
A

ug
us

t 2
01

2 



258 DONG GUK KIM er al. 

domains and compensated for the difference of optical characteristics. 

FIGURE 3 
(b) 105, and (c) simulation results of the VA mode cell. 

Viewing characteristics of test cek (a) PI:PVCI=lO:3, 
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