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Investigation of Liquid Crystal Aligning 
Capabilities using a New Photoalignment Method 

on the Photopolymer Surfaces 

JEOUNG-YEON HWANG”. HYUNG-KYU KIM”, DAE-SHIK SEOa 
and DONG HACK SUHb 

“Department of Electrrtul & Electronic Engrneerrng. College of Engineering, 
Yonsei lJniversit\~ 134 Shinchon-dong. Srodtretnun-ku, Seoiil 120-749 Korea rind 
bDepnrtmcvit of lidustrial Chernic al, I I u n ~ ~ n i g  Uncverrit}, I7 Hringrhg-dong, 

S e ~ i i g r l r ~ i i g - k ~ i  Seoul 13.1- 79 I ,  Korw 

In this w8ork. we have investigated the liquid crystal (1.C) aligning capahilitieg and the elec- 
tro-optical (EO) characteristics lor the photo-aligned twisted nematic (TN) cell with linearly 
polarized LJV exposure of normal direction on the PMCh (poly (4’-methacryloyloxy chal- 
cone)) surfaces using a new photo-alignment method. Good thernial stabilities of synthesized 
PMCh were obtained by TOA (Thermogravimetric Analysis) measurement The excellent 
voltage transrnittiance (V-T) curve of the photo-aligned TN-LCD with UV exposure on the 
PMCh surface for I min using a new photodimeriLalion method was observed. The voltage 
holding ratio (VHR) of the photo-aligned TN-LCD with photodimerized on thc PMCh sur- 
face using a new photodirnerization method was higher than that of a conventional 
photo-dimcriration method. Conscquently. a good LC aligning capabilities using a new 
photo-alignment method can be achieved. 

Kqwnrdv: photo-alignment; electro-optical (EO); nematic liquid crystal; photo polymer; 
voltage-holding ratio 

INTRODUCTION 

Currently, active matrix (AM) - liquid crystal displays (LCDs) are commonly used 
for notebook computer, desktop monitors, and televisions. Surface alignment of LCs 
on treated substrate surfaces is key technology in LCD. Rubbed polyimide (PI) 
surfaces have been widely used to align LC molecules. They have suitable 
characteristics such as high transparency, uniform alignment, and good thermal 
stability. However, the rubbing-treatment method has several problems, such as the 
generation of electro-static charges and the creation of contaminating particles.[’] 
Thus, rubbing-free techniques for LC aligning are required in liquid crystal display 
(LCD) fabrication. Photoalignment methods such as photodimerization,[*-’I 
photoisomerization.[61 and photodiss~c ia t ion~’~~~~ have been proposed. The synthesis 
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af photo-alignment materials such as PMCh @oly (4'-methactyloyloxy chalcone):. 
PMCh-F (poiy (4-fluoro-4'-methacryloyloxy chalcone)), PVCi (pols (vinyl) 
cinnamate), and PMCi (poly (2-methacryloyloxy ethyl cinnamate)) has been reported 
by Y Makita et al."' Rccently, we have reported the synthesis of the photoalignment 
material PM4Ch (poly (4-methacryloyloxy chalcone)) and the EO performance ut 
photo-aligned TN-LCD on the PM4Ch surfaces."'] 

In this paper. we report on the LC alignment and EO performance of photo-aligned 
TN-I.CD on the PMCh surface using a new photodimerization method. 

EXPER1MEh"JAL 

Pigure I <horn i the chemical smcture of the PMCh used in this study. Thc pnlymcr i i  

synthesized bv the following method. In a 250ml round bottom flask, 4'-hydrouy 
chalcone and triethylamine were dissolved in 2-butanone and cooled to between 5 
and 0°C in an ice bath. Methacryloyl chloride solution in 2-butanone was then added 
dropwisc while stirring and keeping the temperature at between -5 and OY' .  After 
stirring at room temperature for 4 hr the precipitated ammonium salt was filtered off. 
The organic layer was washed successively with 5% aqueous sodium hydroxide 
solution and distilled watcr, dried ovcr anhydrous magnesium sulfate and thc 2- 
butanonc was evaporated. The product was purified by recrystallizatinon from 
ethylacetatekthanol (1: 1) mixture. Polymerization of monomers was carried out as 
solution in toluene using 2,2'-azoisobutyronitile(AIBN)(2 mol%) as initiator at 701' 
The required amounts of monomers, initiator and toluene were mixed in a flask, and 
flushed with oxygen free nitrogen for 30min. After reacting for 48 hr at 7O'Cc, the 
polymer was precipitated in excess methanol. The crude polymer was purified by 
reprecipitation in methanol from chloroform solution, and was finally dried under a 
vacuum. The polymers were coated on indium-tin-oxide (1TO)-coated glass substrates 
by spin-coating, and were cured at 8 0 C  for 10 min. The thickness of the polymer 
layer was 400 A .  To nieasurc the EO characteristics of the photo-aligned 1"-LCD. it  
was assernblrd with linearly polarized UV exposure in the normal direction on the 
PMCh surface. The polarized UV source was a 500 W Xe lamp. U V  light at a 
wavelength (if 365 nm exposed on the substrates. For a new photodimerization 
method, the polymer's PMCh surface was exposed by polarized UV exposure at a 
ternperahrre of 100°C during the curing process. In the conventional 
photodimerization method, the polarized UV was exposed on the PMCh surface to thc 
radiation at nioni temperature after being cured at 1 SO "C for 1 h. The thickness of the 
LC layer of the photo-aligned TN-LCD was 5 pm, The NLC used a fluorinated 
mixture (Tc=87C). Measurement of the V-T, response time, and voltage-holding ratio 
(VHR) for the photo-aligned TN-LCD were carried out at room temperature 
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INVESTIGATION OF IAQLUD CRYSTAL 

h=0 
I 
P 

FIGURE 1 Chemical structure of PMCh used 

(4263]1495 

RESULTS and DISCUSSION 

Figure 2 shows the TGA (Thermogravirnetric Analysis) characteristics of the PMCh. 
Good thermal stabilities of synthesized PMCh are obtained by TGA measurement. 

Microphotographs of the photo-aligned TN-LCD with linearly polarized UV 
exposure in the normal direction on the PMCh surface during thermal curing of the 
polymer at 100°C for 1 min are shown in Figure 3. They show that the monodomain 
alignment of the NLC was obtained. 

Figures 4(a) and 4(b) show microphotographs of the photo-aligned TN-LCD on the 
photodimerized PMCh surface using the conventional photodimerization method. The 
reverse tilt disclination defects of the NLC were clearly observed, as shown in Figure 
4(b). Therefore, monodomain alignment using the new photodimerization method is 
possible. 

.~ 

1.- mm 
r- yc) 

FIGURE 2 TGA characteristics of the PMCh. 
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(a) On-state (V=5(V)) (b) Off-state 

FIGURE 3 Microphotographs of the photo-aligned TN-LCD using a new 
photodimerization method on the PMCh surface (in crossed Nicols). 

(a) On-state (V=S(V)) (b) Off-state 

FIGURE 4 Microphotographs of the photo-aligned TN-LCD using a conventional 
photodimerization method on the PMCh surface (in crossed Nicols). 

Figure 5 shows the V-T characteristics of photo-aligned TN-LCDs for a new and a 
conventional photodimerization methods on the PMCh surfaces. Good V-T curves of 
the photo-aligned TN-LCD using a new photodimerization method for I min were 
obtained. Also, good V-T characteristics of the photo-aligned TN-LCD using a 
conventional photodimerization method for 1 min were obtained. However, poor V-T 
characteristics of the photo-aligned TN-LCD using a new photodimerization method 
for either 30 sec or 2 min were obtained. Therefore, an excellent V-T curve of the 
photo-aligned TN-LCD using a new photodimerization method on the PMCh surfaces 
for 1 min can be achieved. 

It seems that the nonreacted polymer main chain can move toward the UV exposure 
direction by photoreacted chalcone at 100°C. This temperature is near T8 of the 
polymer. Therefore, nonreacted chalcone of the polymer can easily convert to 
photoreacted chalcone. The LC aligning capabilities increased due to the alignment of 
chalcone in the UV direction with the increasing photodimerization reaction. 
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INVESTIGATION OF LIQUID CRYSTAL .., [4265]/497 

However, the LC aligning capabilities decreased due to the movement of 
photodimerized chalcone with increasing curing time. Suitable V-T characteristics of 
the photoaligned TN-LCD on the PMCh surface were obtained with an W exposure 
time of 1 min. Also, the V-T curve of the photo-aligned TN-LCD using a new 
photodimerization method was better than that of a conventional photodimerization 
method. 

0 I 1  3 . 1 6  7 8 9  LO 

Voltage (V) 
(a) New photodimerization method 

0 1 2  3 4 5 6 7 I 9  10 

Voltage 0 
(b) Conventional photodimerization method 

FIGURE 5 V-T characteristics of photo-aligned TN-LCDs for new and 
conventional photodimerization methods on the PMCh surfaces. 

Table I shows the threshold voltage of photo-aligned TN-LCDs for a new and a 
conventional photodimerization methods on PMCh surfaces. The low threshold 
voltage of the photo-aligned TN-LCD using a new photodimerization method on the 
PMCh surface for 1 min was measured. 
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TABLE I 'Threshold voltage of photo-aligned TN-LCDs for a new and a 
conventional photodimerization methods on PMCh surfaces. 

(a) New photodimerization method 

Onentation layer \',I, 

P _. 

PMCh 100 ( 30 sec ) 2 26 

PMCh 100 ( 1 nun ) ? 3 3  

2 '9 
-__- 

PMCh 100 ( 2 min ) __ 
(b) Conventional photodimerization rnetlilw 

- - 
Orientation layer rh 

- 
PMCh ( 30 sec) I 

: h e  regpo ise time charactenstic5 ot photo-aligneil r \  L( I> for 2 net. mi 
cmventional p'iotodimerimtioii methods on the PMCh surf&?\ are shown I:' F,gLrr 

'>(a) and 6(b) i t  good c u n e  for the photo-aligned TW-1 ('D wm ohtained wing  d nrv 
nhotodinierization method on the PMCh surfdce for 1 min 8'1 5hown in Figurr M a  
2k0, the backilou bounce behavior on the photo-aligned Th' I CD for a iiev. mJ 
Lorr~ention;ll photodimenzation methods on PMCh surfal-i\ lor dll L'V rwposuii 
'irnes U ~ S  obarrved The fast response time of photo aligned N I CDs for the tie 
rrid Lon\enttoval photodimerization methods on the PMCh wrfaceb foi 
vbsened Thc response time for the phota digned TZ  I CP u\ lny  
phutodimerizatiun method on the PMCh surface for I min w a ~ .  aboJl 1 i 4 1-15 

shows the VHR measurement of photo-aligned TU 1 CD for a nen ant 
I i o n \  cntional photodimerization methods on the PMCh surf'iccs A \iinilLir W I R  
Lharacteristic for a new and a Lonventional photodimerization methods on the PMCt 
surfaces was ohtained 

con\entional photodimerization methods on the PMCh wrface5 The VHR of photo 
aligned Th'-LCD using a new photodimenzation method was about 84% The VHR of 
thc photo-aligned TN-LCD using a conventional photodimenzation method was 80% 

A conventmnal photodimenzation TN-LCD was baked at 150°C' for I h Thr. 

Figure 

Table 2 ihows the VH& of photo-aligned Ih-LCI)s for d nev. and D
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INVESTIGATION OF LIQUID CRYSTAL ,.. 1426711499 

lower T, of the polymer damaged the photo-alignment layer. The resistivity decreased 
due to damage of the polymer. The VHR was decreased due to the lower insulation 
break of the polymer. A new photodimerization method TN-LCD was heated at 
100°C for 1 min. A higher VHR can be achieved in a short W exposure time. 
Therefore, the VHR of the photo-aligned TN-LCD using a new photodimerization 
method was higher than that of a conventional photodimerization method on the 
PMCh surface. Consequently, we suggest that the LC alignment and EO 
characteristics for photo-aligned TN-LCDs using a new photodimerization method on 
the PMCh surfaces is good, depending on the UV exposure time. 

w - $ '0 

pl i) 

L 

.g a 
I e LO 
c 

LO 

a 
Time (ma) 

(a) New photodimerization method 

Time (ms) 

(b) Conventional photodimerization method 

FIGURE 6 Response time characteristics of photo-aligned TN-LCDs for a new 
and a conventional photodimerization methods on the PMCh surfaces. 
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....... ..... ................. . . ......... ........... ............... ....... .......... ........... ...... 

/ 
L I 
0.W 0.02 0.04 0.06 0.08 

Tlme(aw.) 

(a) New photodimerization method 

1 I 

TtmeWc.) 

@) Conventional photodimerization method 

0.00 0.02 0.04 0.06 0.08 

FIGURE 7 VHR measurement of photo-aligned TN-LCD for a new and a 
conventional photcdimerization method on the PMCh surface for 
30 sec. of U V  exposure time. 

TABLE 2 Voltage-holding ratio (VHR) of photo-aligned TN-LCDs for a new and 
a conventional photodimerization methods on the PMCh surfaces. 

Conventional 

method 

New photodimerization photodimerization 
method 

VHR (%) 84.4 80.0 
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CONCLUSION 

In conclusion, the LC aligning capabilities and EO performance of a photo-aligned 
TN-LCD were studied using a new photodimerization method on the PMCh surface. 
Good thermal stabilities of synthesized PMCh are obtained by TGA measurement. An 
excellent V-T curve of the photo-aligned TN-LCD using a new photodimerization 
method was observed. The VHR of the photo-aligned TN-LCD using a new 
photodimerization method was higher than that using a conventional 
photodimerization method. 
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