
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Pretilt angle generation by UV exposure during imidization of polyimide
Dae-Shik Seoa; Hyung-Kyu Kimb; Hee-Jong Jeonb

a Department of Electrical and Computer Engineering, College of Engineering, Yonsei University, 134
Shinchon-dong, Seodaemun-ku, Seoul 120-749, Korea, b Department of Electrical Engineering, College
of Engineering, Soongsil University, 1-1 Sangdo 5-dong, Dongjack-ku, Seoul 156-743, Korea,

Online publication date: 06 August 2010

To cite this Article Seo, Dae-Shik , Kim, Hyung-Kyu and Jeon, Hee-Jong(2001) 'Pretilt angle generation by UV exposure
during imidization of polyimide', Liquid Crystals, 28: 2, 313 — 316
To link to this Article: DOI: 10.1080/02678290010015306
URL: http://dx.doi.org/10.1080/02678290010015306

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678290010015306
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Liquid Crystals, 2001, Vol. 28, No. 2, 313± 316

Pretilt angle generation by UV exposure during imidization of
polyimide

DAE-SHIK SEO*

Department of Electrical and Computer Engineering, College of Engineering,
Yonsei University, 134 Shinchon-dong, Seodaemun-ku, Seoul 120-749, Korea

HYUNG-KYU KIM and HEE-JONG JEON

Department of Electrical Engineering, College of Engineering, Soongsil University,
1-1 Sangdo 5-dong, Dongjack-ku, Seoul 156-743, Korea

(Received 4 February 2000; accepted 20 September 2000)

We investigated pretilt angle generation and liquid crystal (LC) alignment by ultraviolet
exposure during the imidization of polyimide (PI). The generated pretilt angle of a nematic
(N) LC using an in situ photo-alignment method is smaller than that using a conventional
photo-alignment method on a surface of PI having side chains. The NLC pretilt angles using
an in situ photo-alignment method injected at isotropic phase increased with annealing were
observed.

1. Introduction 2. Experimental
In this experiment, side-chain polymers (AL-3046,Nowadays, information display technologies are

developed with the increasing growth in information com- Japan Synthetic Rubber Co. Ltd) were used. The poly-
mer was prepared uniformly by spin-coating on ITOmunication. Among them, liquid crystal displays (LCDs)

have many advantages such as � atness, portability, lower electrodes. The polymer used in a conventional UV
photo-alignment method was baked at 180ß C, while thepower consumption, and high resolution. It is required

to have uniform alignment of LC molecules on surfaces polymer for in situ UV photo-alignment was soft baked
at 80 ß C for 30 min. The PI layer thickness was 500AÊ .and to control a stable pretilt angle in order to realize

these LCDs. The nematic LC NLC pretilt angle plays an The UV exposure system is shown in � gure 1. Oblique
UV light with a wavelength of 365nm was incident onimportant role in preventing reverse-tilted disclinations

in TN (twisted nematic)-LCDs. the polymer surfaces. The cell then fabricated was of the
sandwich type, of LC thickness 60 mm. The NLC mixtureRecently, the LC aligning capability of photo methods

such as photo-dissociation [1–11], photo-dimerization (T
c

5 87 ß C) was injected in both the nematic and iso-
tropic phases respectively. The LC aligning capabilities[12, 13], and photo-isomerization [14] have been

investigated. Utilizing the photo-dissociation reaction, a were characterized by observation of photomicrographs
and measurement of the pretilt angle, determined by thefraction of molecules oriented in a speci� c direction on

a polymer surface such as polyimide (PI) are split with crystal rotation method at room temperature.
either linearly polarized or unpolarized UV light. Kim
et al. [15] reported that LC molecules were aligned
uniformly by an in situ photo-alignment method, which
produces higher thermal stability of LC alignment,
compared with conventional photo-alignment methods.
However, the generation of pretilt angle using in situ
photo alignment has not yet been reported. In this study,
we report on the LC aligning capabilities and pretilt angle
generation for NLC using an in situ photo-alignment
method on polymer surfaces having side chains.

Figure 1. UV exposure system.*Author for correspondence; e-mail: dsseo@yonsei.ac.kr
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3. Results and discussion angles. On the other hand, NLC pretilt angle generated
Figure 2 shows NLC pretilt angles formed by UV by the in situ photo-alignment method had a tendency

exposure of a PI surface as a function of angle of to increase linearly with increased exposure time. Thus
incidence. The pretilt angle maximum was observed at it seems that high NLC pretilt angle could be obtained
an angle of incidence of 30 ß . It was also observed that by increasing the exposure time. From these results, it
the generated NLC pretilt angle using the conventional can be seen that the conventional photo-alignment
photo-alignment method was larger than that using the method was more reliable than the in situ method in
in situ method. In the conventional photo-alignment generating high pretilt angles during a short exposure
method, the PI surface was exposed to UV after time.
imidization of the PI; the photo-dissociation reaction Figure 4 shows the NLC pretilt angles obtained by
was more complete and this produces the high pretilt UV exposure of a PI surface as a function of annealing
angle. time. In the nematic phase after injection, the pretilt

Figure 3 shows the NLC pretilt angles obtained by angle was improved by annealing as shown in � gure 4 (a).
UV exposure of a PI surface as a function of exposure The pretilt angle may increase because of re-alignment
time. Using the conventional photo-alignment method, of residual polymers through annealing. In the nematic
the pretilt angle increased with increasing exposure time phase, with no annealing after injection in the isotropic
until 20 min, at which time the peak value was observed. phase, the pretilt angle was 0 ß as shown in � gure 4 (b);
Beyond 20 min exposure, the pretilt angle tended to it then increased with annealing time. Thus the annealing
decrease. These results coincide well with previous results eŒect on pretilt angle can be attributed to LC alignment
[4, 11]. We propose that the energy density of incident by the photo-dissociation reaction.
UV for 20 min is adequate to generate high pretilt Photomicrographs of aligned NLC using the in situ

photo-alignment method are shown in � gure 5. With no
annealing, a large reverse tilt disclination for the NLC
was generated as shown in � gure 5 (a). However, with
annealing for 60 min, the LC molecules were uniformly

aligned as shown in � gure 5 (b).
Figure 6 (a) shows photomicrographs of aligned

NLC, injected into the cell in the isotropic phase and

treated by the in situ photo-alignment method. In this
case, a small reverse tilt disclination appeared with no

annealing. However, as shown in � gure 6 (b), there was
uniform LC alignment after annealing for 60 min. From
� gures 5 and 6 we see that, in using the in situ photo-

alignment method, annealing is useful in avoiding reverse
tilt disclinations. The LC alignment using the in situ

photo-alignment method coincides well with previousFigure 2. NLC pretilt angles obtained by UV exposure of a
results [15].PI surface as a function of angle of incidence.

4. Conclusion
We have investigated pretilt angle generation and LC

alignment eŒects caued by UV exposure during the
imidization of PI. The generated NLC pretilt angle using

an in situ photo-alignment method was smaller than
that using the conventional photo-alignment method.

Also, NLC pretilt angles using the in situ photo-
alignment method with injection in the isotropic phase,
increased with annealing.

This work was supported in part by a Grant of G7

Project for Flat Panel Displays from the Ministry of
Science and Technology and Ministry of Industry andFigure 3. NLC pretilt angles obtained by UV exposure of a

PI surface as a function of exposure time. Energy of Korea.
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Figure 4. NLC pretilt angles obtained by UV exposure on a PI surface as a function of annealing time. (a) Nematic phase
injection; (b) isotropic phase injection.

(a) (b)

Figure 5. Photomicrographs of aligned NLC by the in situ photo-alignment method injected in the nematic phase. (a) No
annealing; (b) 60 min annealing.

(a) (b)

Figure 6. Photomicrographs of NLC aligned by the in situ photo-alignment method after injection in the isotropic phase. (a) No
annealing; (b) 60 min annealing.
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