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Novel Photo-Vertical Alignment Materials for Low Pre-tilt Angle
and Low Temperature Cure Process Application
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Photo-alignment materials are widely used for liquid crystal displays (LCDs) due to dustless and easy to realize
fine patterning. In order to commercialize ultra-high definition displays such as 8K in UV2A display, there are two
challenges in photo-vertical alignment materials. The first is lowering pre-tilt angle for improvement of panel transmit-
tance, and the second is application of low temperature cure process with NMP-less alignment materials for wide color
gamut. While the transmittance of 8K displays is much lower than full-high definition or 4K because the ratio of discli-
nation region (dark line) and black matrix increases as the pixel size decreases, the low pre-tilt angle property enables
to narrow dark line width. The low temperature cure process with NMP-less alignment material may make it possible
to apply high performance color filter (CF) materials (e.g.: dye-based CFs). In this paper, we developed novel low pre-
tilt angle material (New-AL) with excellent alternating current image sticking properties and a wide range of pre-tilt
angle between 84 degrees and 90 degrees by control of polarized ultra-violet exposure dose. Furthermore, not only
New-AL can be applied to low temperature cure even at 120 °C, but also New-AL is prospective NMP-less material
which enables to apply dye-based CFs due to better solubility than the conventional materials.
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Figure 1 Structure of LCD panel.
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Figure 2 Structure of photo-VA configuration. Relationship between exposure direction and alignment direction.
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Figure 3  Pixel design for 3D liquid crystal simulation.
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Figure 4 Schematic illustration of photo alignment on glass substrate and structure of photo reactive groups.
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Table 1 Properties overview of the New-AL

Challenge Target Conventional-AL New-AL
High Low pre-tilt angle _ v High photo reactivity
transmittance (< 87 deg.) > 83 deg. 04 deg. v New crosslinking system
Low temperature
. cure ~200 °C ~120°C  « New crosslinking system
Wide color (< 150 °C)
gamut NMP-I
-less Poor Good v Low-polar polymer design

(Polymer solubility)
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Table 2 Pre-tilt angle dependence of simulation results
calculated by 3D liquid crystal simulator
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Figure 7 Pre-tilt angle dependence of transmittance calculated by 3D liquid crystal simulator. a) Pre-tilt angle vs
transmittance, b) Pre-tilt angle vs transmittance increase ratio based on 89 degrees.
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Figure 8 Polarized UV dose dependence of pre-tilt angle.
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Figure 9 Dark line analysis; the photographs of optical microscopy and line profile of photograph brightness.
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Figure 10 Pre-tilt angle vs A tilt in dependence of PUV
exposure dose.
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Figure 11 Pre-tilt angle vs A tilt in dependence of post
baking temperature.
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Table 3 Solubility test of the conventional-AL and the New-AL

Solvent i
Conventional-AL New-AL
Name dD dP dH
y-Butyrolactone e Soluble Soluble
sy j:) 18.0 16.6 7.4 73 g
0,
N-Methylpyrrolidone }:> Soluble Soluble
(NMP) g 18.0 12.3 7.2 6.4) (1.7)
o
Insoluble Soluble
Acetone L 155 104 7.0 ®.0) 4.2)
)
Insoluble Soluble
Ho. 15.8 6.5 10.2
Butyl lactate 7)'\,/\/\ 8.0) 6.8)
Ethylene glycol o Insoluble Soluble
monobutyl ether >~~~ 100 51 123 (8.6) (8.6)
Diethyleneglycol \/ Insoluble Soluble
diethyl ether /(\O/\J}Zo 158 59 56 (11.0) (7.9)
[]
Insoluble Insoluble
n-Butyl acetate )kg,\/\ 158 3.7 6.3 (12.1) (9.6)
Solubility test
(HSP distance)

JSR TECHNICAL REVIEW No.127/2020

21



dD(Dispersion)
HSP distance

~

Solveht

>
/ dP(Polarity)

dH(Hydrogen bonding)

Figure 12 Schematic illustration of Hansen solubility
parameter (HSP) .
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