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Surface Alignment Effect and Pretilt Angle 
Generation in NLC with Oblique Non-Polarized 

UV Light Irradiation on Polymer Surface 

DAE-SHIK SEOa and SHUNSUKE KOBAYASHIb 

aDepartment of Electrical Engineering, College of Engineering, Soongsil 
University, 1-1, Sangdo 5-dong, Dongjack-gu, Seoul 156743, Korea and 
bDepartment of Electronic Engineering, Science University of Tokyo in 

Yamaguchi, 1-1-1 Daigaku-dori, Onoda, Yamaguchi 755, Japan 

In this study, we have investigated the generation of pretilt angle in nematic liquid crystal 
(NLC) in the cell with oblique non-polarized ultraviolet (UV) light irradiation on two kinds 
of the polyimide (PI) surfaces. It was found that the monodomain alignment in NLC is 
obtained having a PI surface without side chain. We successfully observed that the generated 
pretilt angle of the NLC is about 3' with an angle of incidence of 70" on the PI surface with- 
out side chain. It is considered that the pretilt angle generation in NLC is attributed to the 
interaction between the LC molecules and the polymer surfaces due to photo-depolymeriza- 
tion reaction. Also, the uniform alignment of NLC is attributed to anisotropic dispersion 
force due to photo-depolymerization of polymer on PI surfaces. 

Keywords: nematic liquid crystal; polyimide; ultraviolet; pretilt angle: photo-depolymeriza- 
tion: LC alignment 
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INTRODUCTION 

Liquid CT). stal displa! s (LCDs) dominate the llat panel displays. The 
successful operation of  LCDs requires uniform alignment and controlled 
pretilt of LCs on substrate surfaces. Most LCDs with pretilted 
homogeneous LC' alignment arc prepared using rubbed PI surfaces. 'Ihe 
leading technolog! for I.CD is based on twisted nematic (TN)-IX'I)s I". 

The pretilt angle prevents creation of' reverse tilted disclinations in 
'IN-LCD. The pretilt angle is also important in order to avoid stripe 
domains in super ( S )  TN-LCD '". The generation of pretilt angle in 
N I X  on various alignment layers by unidirectional rubbing has been 
demonstrated and discussed by many investigators "-'I. Rubbed polymer 
surtaces ha\ e been Lvidely used for aligning l,C niolecules. Recently. 
rubbingless techniques for LC alignment are needed in thin-filni- 
transistor (TFT)-LC'D fabrication. In a previous paper. \\e reported that 
the 'IF'Is are damaged by the induced static electricity produced during 
rubbing '". The photo-alignment method for LC alignment is expected 
to achieve the high resolution I.CDs: Gibbons et al. have reported the 
neh method for LC alignment by using polarized laser light 19'. I t  was 
shown that NLCs in an illuminated region be oriented perpendicular to 
the direction of the electric-field polarization of the laser and remain 
aligncd the absence of the laser radiation. Also. the pretilt angle on 
Imgmuir-Blodgett film has been controlled by regulation of the fraction 
of trans-azobenzene units using light wavelength tuning ll"l. 

More recently. the LC alignment nith polarized U V  light 
irradiation poly( viny1)cinnamate surfaces has been reported by some 
researchers l l l -" l .  The photo-polymerization reaction of a photo-polymer 
nith polarized I IV light irradiation has been shonn to induce uniasial 
orientation of NI.Cs on pol) ( \  in) 1)cinnaniate surfaces. c\lso. rrcentl! the 
I,(' alignment h! polarized I.1V light irradiation on PI surface has been 
reported h! sonic researchers "'.l", That the photo-&pol! merization of 
PI main chains parallel to the electric tield of deep polarired I.TV light 
(257nm)  cause^^ anisotropic dispersion tilrce is ciiscussed 'I", Finail>. 
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SURFACE ALIGNMENT EFFECT [673]/6 I 

recently Yamamoto et al. have reported the LC' alignment in a cell mith 
oblique irradiation of non-polarized IJV light on PI surface "". 'l'hc 
generated pretilt angle of N I X  is about 0.8 on PI surface ni th  side 
chains. HoLvever. this pretilt is not enough to avoid reverse tilted 
disclination in a TN-I.('D. Most recently. \YC reported the pretilt angle 
generation in NLC' \\ ith oblique non-polarized IJV light irradiation on 
PI surface: it is successfully obserkcd to about j ""'. The detailed 
niechanism of I L ~  alignment by photo-alignment method has not been 
understood yct. 

In this study. \\c report the monodomain alignment and prctilt 
angle generation i n  NI,C \vith oblique non-pol:irized l1V light irradiation 
on trio kinds of the PI surfaces. 

EXPERIMENTAL 

In this experiment. \be used two kinds of the PI materials. Figure I 
shows the chemical structure of two kinds of the PI materials. The PI 
films were coated on indium-tin-oxide (ITO) coated glass substrates by 
spin-coating. and were iniidized at 250°C for 1 hr. The thickness of PI 
layers was about 5OoA. The oblique non-polarized UV light (power : 
IkW) irradiation system is shown in Figure 3. The substrates \\ere 
irradiated for 3 hr using IJV light at a wavelength of 365nm. The 
distance of U V  light on PI surface was 3OOrrim from IJV light source. 
The LC was assembled in sandwich-type cells ttith antiparallel-IJV 
irradiation direction. All the sandwich-type cells had 1.C layer thickness 
of 60pni. After assembly. the cells were tilled with NLC (Zl,l-4793 
supplied from Mcrck Japan ('0.. Ltd.) in the isotropic phase. The I,(' 
orientation capabilit? \\as evaliiatcd b! optical microscopic textures and 
generation of pretilt anples. '1'0 nirasui-c prctili angles. we used tlic 

cr) stal rotation method and iiieasurenicnts ue rc  done at room 
temperature. Nest. \be observed the structure of surtacc morpholog! of  
the PI surliice by using atomic force microscope (:\Fhl). Xlso.  n e  
measured the induced optical rctatdaiion of  the PI surfacc 
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FIGURE 1 The chemical structure of two kinds of the PI materials. 

uv 
(1 kwi 

IIgM 
365 nm) 

r PIsurface 
IT0 glass 

FIGURE 2 The used oblique non-polarized UV light irradiation system 
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RESULTS and DISCUSSION 

Figure 3 shows the AFM images on two kinds of the unrubbed PI 
surface. It is shown that the surface morphology on PI-A surface is 
smooth compared to PI-B surface. The AFM images on two kinds of 
the rubbed P1 surface is shown in Fig. 4. It is shown that the structure 
of micro-groove is clearly observed along the rubbing direction on two 
kinds of the rubbed PI surface for medium RS (RS=262mm) ; it is 
similar to the results of previous work "9*201. Figure 5 shows the AFM 
images with oblique non-polarized UV light irradiation of 70" on two 
kinds of the PI surface. It is shown that the micro-groove structure has 
not been formed with oblique non-polarized W light irradiation on PI 
surface. 

Next, we measured that the induced optical retardation is about 
0.05 deg. with oblique non-polarized UV light irradiation on PI-A 
surface. In a previous paper, we reported that the induced optical 
retardation is about 0.3 deg. on rubbed PI-A surface[51. It is considered 
that the induced optical retardation is low compared to rubbed PI 
surface; because the oblique non-polarized UV irradiation on PI surface 
is attributed to photo-depolymerization of polymer. Therefore, we 
suggest that the induced optical retardation with non-polarized UV light 
irradiation on PI surface strongly affected to LC alignment. 

Figure 6 shows the microphotographs of aligned NLC in the cell 
with oblique non-polarized UV light irradiation on two kinds of PI 
surfaces (under crossed Nicols). It can be seen that the monodomain 
alignment of NLC is observed with oblique non-polarized UV light 
irradiation on PI-A surface without side chain. However, the reverse tilt 
disclination is observed with oblique non-polarized UV light irradiation 
on PI-B surface with side chain. Also, we estimated that the aligned 
NLC is parallel to the incident direction of UV irradiation. Therefore, 
we consider that the NLC are aligned due to photo-depolymerization of 
the polymer with oblique non-polarized UV irradiation on PI surfaces. 
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FIGURE 3 The AFM images on the two kinds of the unntbbed 

PI surface. (See color plate I at the back of this issue) 
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(a) PI-A 

(b) PI-B 
FIGURE 4 The AEM images on two kinds of the rubbed PI surface. 

(See color plate I1 at the back of this issue) 
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FIGURE 5 The AFM images with oblique non-polarized UV 
light irradiation of 70" on the two kinds of PI surface. 

(See color plate 111 at the back of this issue) 
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SURFACE ALIGNMENT EFFECT [6791/67 

(a) PI-A (at oblique a~igle of 70" ) 

(b) PI-13 (at oblique angle of 80" ) 

FIGURE: 6 The microscopic photograph of aligned NLC in the 
cell with oblique non-polarizcd UV light irradiation on two kinds of the 
PI surfaces (in crossed Nicols). 
(See color plate IV at the back of this issue) 
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Figure 7 shows the generated pretilt angle of NLC in the cell 
with oblique non-polarized UV light irradiation on two kinds of the PI 
surface. It is shown that the pretilt angle of NLC increases with 
increasing the incident angle of oblique UV light irradiation on PI 
surface. The generated pretilt angle of NLC is about 3' with oblique 
non-polarized UV light irradiation of 70' on PI-A surface. It is shown 
that the obtained pretilt angle with oblique non-polarized UV light 
irradiation on the PI-A surface is almost same in comparison with the 
rubbed PI-A surface without side chain Is'. However, the generated 
pretilt angle NLC is about 1" with oblique UV light irradiation angle 
of 80' on PI-B surface; it is almost the same as that given by 
Yamamoto et al. "'I. Figure 8 shows the model of pretilt angle 
generation with oblique non-polarized UV light irradiation on PI surface 
using photo-depolymerization reaction. It is considered that the pretilt 
angles of NLC is attributed to the interaction between the LC molecules 
and the polymer surface due to photo-depolymerization of polymer with 
oblique W light irradiation. Consequently, we consider that the pretilt 
angle of NLC strongly depends on irradiation angle and irradiation time 
of UV light. 

5 

0 

t 0 i 
I 

- P 
I I I 1 

0 20 40 60 80 
Incident angle 81 (deg.) 

FIGURE 7 The generated pretilt angle of NLC in the cell with 
oblique non-polarized UV light irradiated on two kinds of the PI 
surfaces. 
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I . . * '  ~ T O  # a x  

(a) before UV light irradlatan 

(b) after UV lbht irradiation 

I 
(c) LC alignment 

FIGURE 8 The model of pretilt angle generation in NLC with 
oblique non-polarized UV light irradiation on PI surface. 

CONCLUSIONS 

In summary, we have investigated the LC alignment and pretilt 
angle generation for NLC in the cell with oblique non-polarized UV 
light irradiation on two kinds of the PI surfaces. It was found that the 
monodomain alignment of NLC with an oblique non-polarized UV light 
irradiation of 70" on PI surface without side chains; the generated high 
pretilt angles of NLC is about 3" with an angle of incidence of 70" on 
PI surface without side chain. Therefore, we propose that the uniform 
alignment of the NLC is attributed to anisotropic dispersion force due 
to photo-depolymerization of polymer on PI surfaces. 
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