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Optimization of low-temperature vertical alignment process and
substrate compatibility for flexible liquid crystal dimming films

CHEN Ruisi, GUO Xintao, LIU Ying’

(Institute of Nonmetallic Materials Technology, China Academy of Aviation Manufacturing Technology,
Beijing 100024, China)

Abstract: To address the mismatch between the high-temperature curing required by conventional vertical
alignment layers and the limited thermal tolerance of flexible transparent conductive substrates in flexible
reverse-mode liquid-crystal (LC) dimming films, a low-temperature vertical alignment process and substrate
compatibility screening were investigated. On glass substrates, a low-temperature vertical alignment agent
was cured at 120~140 °C with a 5 °C step to evaluate the effects of curing temperature on L.C pretilt angle
and its uniformity, together with the variations in transmittance and haze before/after curing. A rubbing

treatment was further introduced at the optimal curing temperature to improve alignment quality. The
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electro-optical response of the aligned 1.C cell was verified by voltage-transmittance ( V-T) characterization, and
stability was assessed via room-temperature storage and voltage cycling. Finally, under the same
processing conditions, five commercial flexible transparent conductive substrates were compared in terms
of sheet-resistance thermal stability and the changes in transmittance/haze after alignment-layer curing,
aiming to identify compatible substrates. As the curing temperature increased from 120 C to 140 °C,
the mean pretilt angle decreased from 0.69° to 0.38° and the standard deviation decreased from 0. 30°
to 0.04°. With rubbing at 140 °C, the pretilt angle was further reduced to 0.19°, accompanied by a
decrease in haze. The LC cell exhibited a clear threshold behavior in the V-T curve (V,&~8.69 V; V =~
14.06 V). After 30-day storage at room temperature, the pretilt change was ~0. 02", and electro-optical
parameters remained stable after voltage cycling. Among the tested substrates, the f3-type PET/ITO
showed the most stable sheet resistance after thermal treatment at 140 °‘C and maintained a high
transmittance (~90% ) with limited haze variation after curing, outperforming the other candidates. A
low-temperature vertical alignment processing window suitable for flexible LC dimming films was
established, and a compatible flexible transparent conductive substrate was identified under unified
conditions, providing practical guidance for process transfer and substrate selection of flexible reverse-
mode LC dimming films.

Key words: reverse-mode liquid crystal dimming device; flexible transparent conductive films; low-

temperature vertical alignment; pretilt angle
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Tab.2 Haze values of glass substrates before and after

alignment layer curing at 140 °C

i ERE1/ EWe/ EE3I FH
" % % % EE/Y%

B 35 F AR 0.23 0.15 0.29 0.22
WmEHER 1T 0.26 0.19 0.32 0.26
W s 2 0.28 0.20 0.25 0.24
AR 3 0.25 0.24 0.20 0.23
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o7 [ Ak BE SR 130 °C L, FF i 10, 11,12 X3 1 i 4k
L BE A 135 °C L BE b 1301415 X R [ 1k i Bk
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Tab.3 Pretilt angles of liquid crystals at different curing

B BidR2/ EiLRs T

e % % % EER/%

I R AR 92.73  92.88  92.86  92.82
WmGHEMR 1 92.22  92.27  92.35  92.28
Hum g3 2 92.37 92.30  92.26 92.31
W fE &3 91.83  91.85  92.22  91.97

temperatures
Beah Wiler BB BUBCA B CFIB bRiEXE/
P & /) 2/() 3/C) MMm/Cc) ()
1 0.96 0.68 0.35 0. 66 0.31
2 120°C 0.38 0.77 0.44  0.53 0.21
3 0.73 1.28 0.6 0. 87 0. 36
4 1.16 0.77 0.97 0.96 0.2
5 125°C 1.01 0.83 0.65 0.83 0.18
6 0.85 0.64 1.09 0. 86 0.23
7 0.83 0.96 0.74 0.84 0.11
8§ 130°C 1.06 0.8 0.9 0.92 0.13
9 0.76  0.61 0.85 0.74 0.12
10 0.66 0.5 0.44  0.53 0.11
11 135°C 0.59 0.43 0.46 0.49 0.08
12 0.63 0.42 0.48 0.51 0.11
13 0.33 0.4 0.41 0.38 0.04
14 140°C 0.29 0.37 0.4 0.35 0.06
15 0.42 0.42 0.39 0.41 0.01
16 0.29 0.14 0.24 0.22 0.08
17 140 C 0.17 0.16 0.15 0.16 0.01
18 e 0.26 0.17 0.17 0.2 0.05




348 W A

—A— Pretilt angle

. N

Pretilt angle/(°)

0.2 T T T T T
120 125 130 135 140
Temperature/°C
1 A Ta] [ AR BT 8 T AR, 15 22 48 2 7 T4 A
B 2%

Fig. 1 Liquid crystal pretilt angles under different curing
temperatures. Error bars represent the standard

deviation of the pretilt angle.
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Fig.2 Liquid crystal pretilt angle for rubbing-treated sam-
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was cured at 140 °C.
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Fig.3 Transmittance and haze values of liquid crystal
cells with the alignment layer cured at 140 “C for
non-rubbing samples 13, 14, and 15, and rubbing-
treated samples 16, 17, and 18. Black represents

transmittance, blue represents haze.
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Tab.4 Pretilt angles of unrubbed and rubbed liquid crystal

samples

Feh Wl BUBM BUBUM BB PRI E ARiEz/

s &M 1) 2/C)  3/() fEism/C) ()
3

1 0.33 0.4 0.41 0.38 0.04
14 140°C 0.29 0.37 0.4 0.35 0.06
15 0.42 0.42 0.39 0.41 0.01
S o pH AT e
. . . 1o . .
18 Ve 0.26 0.17 0.17 0.2 0.05
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alignment layer cured at 140 °C
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Tab.5 Comparison of electro-optical parameters of the liquid
crystal cell with low-temperature vertical alignment

cured at 140 °C before and after voltage cycling

i 2% Vo/V V../V
55 LR H R 8.69 14. 06
220 HL R 8.71 14. 10
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A B AR R b Sy ) DRI AR A 5 67 A 1 ) TR
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Tab.6 Physical parameters of transparent conductive

flexible films

FPENE, R/ T/ BEEER/ FE/

R THE pmo QL1 % %
f1  PET/ITO 188 100 82.28 2.31
2 PET/ITO 50 30 86.35 0.58
3 PET/ITO 127 27 84.36  0.38
4 PET/Ag 125 15 86.86  1.37
5 PI/ITO 125 10 86.88  0.56

300

[ Before thermal treatment
[ After thermal treatment
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Fig. 6 Variation in the sheet resistance of the flexible

conductive substrates before and after heat treatment
at 140 °C. The blue bars represent the sheet resistance
before thermal treatment, and the red bars represent

the values after thermal treatment.
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