
Vertical Alignment Materiel with Uniform Tilt and Low Baking Temperature for 
Flexible Displays

1Xinyi Yu, Valerii Vashchenko, Abhishek K. Srivastava*

State Key Lab on Advanced Displays and Optoelectronics, 
Department of Electronic and Computer Engineering,

The Hong Kong University of Science and Technology, Clear Water Bay, Kowloon, Hong Kong.
(1E-mail: xyubm@connect.ust.hk, *Tel: +852- 3469 2485, Email: eeabhishek@ust.hk)

Abstract
The flexible display has become one of the most famous and prospective direction. The vertical alignment (VA) mode has been widely used in TVs, smart 
phones, etc [1], which shows a perfect contrast ratio because liquid crystal (LC) molecules are aligned vertically against the substrates in the initial dark state. 
Many groups are trying to achieve the VA mode from various directions, such as rubbed polyimide (PI) [2], oblique evaporation [3], self-assembled monolayer [4] 
and complicated combination with photoalignment [5]. Some of them need too high temperature process to fit flexible substrates, others cannot offer uniform 
tilt in bright state. In our present study, we combined sulphonic azo dye (SD1) and stearic acid chromium salt (Chromolane) as the alignment layer to fabricate 
VA cells. The cells have uniform black state and uniform tilt after being applied electric field. In the 2 states, the tilt angle can be turned in the range of 3—
89°.

Fig. 1: 
The chemical structure of 
(a) SD1, which is a famous planar 
alignment material used in photo-
alignment, [6]  
and
(b) Chromolane, which is widely used in 
vertical alignment, especially in vertically 
aligned deformed helix ferroelectric liquid 
crystals. [7]
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Fig. 2:  
(a) The fabrication of cells. 2 materials are mixed with weight 
proportion of 1:1 and then stirred for 30s. Since there is a slow reaction 
between them, the mixture should be spin-coated (800 rpm for 5 s 
and 3000 rpm for 30 s) and baked (at 100℃ for 40 min) as soon as 
possible. All the substrates are exposed along the same direction to 
ensure the anti-parallel of top and bottom substrate. The cell gap of 
cells is 10.5 μm.
(b) When we do not apply electric field, the cell is at the dark state. 
LC molecules are aligned by Chromolane.
(c) When we apply electric field, LC molecules fall down, following 
the alignment direction of SD1. Therefore the cells can achieve 
uniform tilt.

Result
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Fig. 3:  The cell is placed between the cross polarizer.
(a) Without electric field, the cell has uniform dark state.
(b) Since the pretilt angle is close to 90°, after rotated 45°, the cell is 
still dark. The bright point is caused by particle.
(c) With electric field, LC molecules fall down and follow the same 
direction, so there is birefringence. The alignment layer is not so 
uniform so there is light leakage.
(d) With electric field, at 45, the cell is at bright state. 

Conclusion
We combined SD1 and Chromolane, to fabricate the VA cells with uniform tilt 
after being applied electric field. The fabrication is simple and the materials are 
easy to get. The tilt angle can be changed between 3-89 °. Since the process 
temperature is limited in 100℃, the materials can be used on plastic substrates. 
After further optimization, we believe the materials can be applied in flexible 
display and achieve the same performance of PI.

Reference
[1]Byung Wok Park, et al. Fast Switching of a Vertically-Aligned Liquid Crystal Cell by Forming Polymer 
Networks at a Low Temperature. SID 2014; 1473:1475.
[2]Liu Zhijie, et al. The fabrication and properties of vertical alignment layer using polyimide. Chinese 
Journal of Liquid Crystals and Displays 2007; 524:528.
[3]Imakubo Kenji, et al. Generation of Pretilt Angle on Vertical Alignment Films by Photo Alignment 
Method at Low Baking Temperature. Proceedings of Japanese Liquid Crystal Society Annual meeting 2004.
[4]ZHAO Dong-yu, et al. Novel Vertical Alignment Film for Nematic Liquid Crystals Using Self-
Assembled Monolayer. Chinese Journal of Liquid Crystals and Displays 2010; 62:67.
[5]Vineet Kumar, et al. Highly Stable, Pretilted Homeotropic Alignment of Liquid Crystals Enabled by In 
Situ Self-Assembled, Dual- Wavelength Photoalignment. ACS Appl. Electron. Mater. 2020, 2, 2017−2025.
[6]Man-Chun Tseng, et al. Strengthening of liquid crystal photoalignment on azo dye films: passivation by 
reactive mesogens. RSC Adv., 2016, 6, 48181–48188.
[7]Evgeny P. Pozhidaev, et al. Orientational Kerr effect and phase modulation of light in deformed-helix 
ferroelectric liquid crystals with subwavelength pitch. PHYSICAL REVIEW E 87, 052502 (2013).

Acknowledgement
We acknowledge the support of The State Key Laboratory of Advanced 
Displays and Optoelectronics through the Innovations and Technology 
Commission of Hong Kong and Hong Kong Gov. Innovations and 
Technology Commission of Hong Kong grant number PRP/049/19FX.


