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Pretilt Angle Generation and EO Performance in NLC with Polarized UV Light
Irradiation on Polyimide Surface
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Abstract

We have investigated that the monodomain alignment of nematic liquid crystal (NLC) is obtained with polarized
ultraviolet (PUV) light irradiation on polyimide (PI) surfaces. The LC alignment capability increases with
increasing the UV light irradiation time. The polarized UV light irradiation of oblique angle of 60° irradiated on
PI surface rotated by 90° at 10 mim. after being normally irradiated on PI surface at 30 min., the generated pretilt
angle of NLC is about 25°. The pretilt angle of NLC is attributed to the interaction between the LC molecules
and the asymmetric triangular structure of polymer surface due to photo—depolymerization of polymer with the
oblique UV light on PI surface. The voltage-transmittance and response time characteristics of photo-aligned
twisted nematic (TN) - LCD with UV light irradiation time of 60 min. were almost same in comparison with the
rubbing-treated TN-LCD.
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Fig. 1. The used polymer molecular structure.
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Fig. 2. The system of used UV light irradiation.
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(b) irradiation time of 30min.

(c) irradiation time of 60min.
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Fig. 3. The microphotographs of aligned NLC in cells
with PUV light irradiation on PI surface
(under crossed Nicols).
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Fig. 4. The generation of pretilt angle in NLC on PI
surface with side chain as a function of

rubbing strength.
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Fig. 5. The generation of pretilt angle in NLC on PI
surface as a function of PUV light irradiation
time.
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Fig. 6. The oblique angle dependence of pretilt angle in
NLC in cells with oblique polarized UV light is
irradiated on PI surfaces rotated by 90° after it
is normally irradiated on PI surface for 30 min.
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Fig. 7. The irradiation time dependence of pretilt angle
in the cell whe polarized UV light oblique
angle of 60° is irradiated on PI surface
rotated by 90° after it is normally irradiated on
Pl surface for 30min..
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Fig. 8. The oblique angle dependence of pretilt angle
for NLC in cells with oblique polarized UV
light is irradiated on PI surface rotated by 9
0° at 5 min. after it is normally irradiated on
Pl surface for 30 min.. & injected at nematic
phase, M injected at isotropic phase.
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Fig.9. The microphotographs of photo-aligned TN-
LCD with PUV light irradiation on PI
surface(under crossed Nicols)
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Fig. 10. The voltage-transmittance characteristics of
photo-aligned TN-LCD with PUV light
irradiation on PI surface and rubbing-treated
TN-LCD.
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Table 1. The applied voltage versus transmission for

photo-aligned TN-LCD and rubbing-treated

TN-LCD on PI surface
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Fig. 11.  The response time characteristics of ~ photo-

aligned TN-LCD with PUV light irradiation

on PI surface and rubbing-treated TN-LCD.
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Table 2. The response time for photo-aligned TN-LCD
and rubbing-treated TN-LCD on PI surface
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Rising Time 14 101 84
ry {ms)
Decay Time 736 88 %0
r¢ (ms)
Response Time) o 489 344
¢ {ms)
4.8 =
2 AdFeMe Egoim= gdd AN Hgg

UV % 24N zZelgezel 94 2 d/29s
Bo) Batel PEsgTh Felolns Fwol UV 3
& #3502 A9 ZaYEde UV B9 24
Azl FrhsteE 9RE AR et =
%, Eelolr= Hdel UV %& 1842 3083 24}
A F 1BE 0 HA & F 242 UV 3 7
A 2N BS 23 UV o) BAZe) 2718
@ zZgEZe) F%E A & & AN o
Ae UV 39 zAzEd meby dabsle UV 3

o A ol WA vlUY AFTEA @
Bste] ZeluEzel WEH: Aoz 47¥ 4

Pt 2 UV F& 60° 2 23} ZAAD AS
ZYUYEZLE ZAAIZEO] 10874 ZF7bs o,
3 ol N #AAsE AL U F Ay 19
3, Fgoniz EHe AMH #AFE UV e $3
o2 ZA3 BuldF TN-LCDe) A7|FstEHL
UV Ze] zAlAIZEe] $7184 8 V-T 543 ¢4
EAdol v FAFE ¢ F %oy, 53 602
ZAHg elgFg TN-LCDE 2% HAgs
TN-LCD2l E43 "9 5% AL 4 + Ud
t}.

datel 2
£ 47E AYALR 9 FYT)eFdM APF F7}

HE ARG BREAZAA WS A}
Do) A7) el Sfate] FRIUFU T



ZPojr= gdo A4 ¥3d UV -Nj4, 0|45, o }¥

=
KLy

&3 FH
J. Cognard, “Alignment of nematic liquid crystals
and their mixtures”, Mol. Cryst. Lig. Cryst
Supplement, 1, 1982.
T. Sugiyasma, S. Kuniyasu, D.-S.Seo, H. Fukuro,
and S.Kobayashi, “A simple model for pretilted
nematic liquid crystal medium and its torsional
surface coupling strength”, Jpn. J. Appl. Phys, Vol
29, 2045, 1990.
. D.-S.Seo, K.Murai, and S.Kobayashi, “Generation
of pretilt angles in nematic liquid crystal, 5CB,
media aligned on polyimide films prepared by
spin-coating and LB techniques effect of
Rubbing”, Mol. Cryst. Lig. Cryst, Vol. 213, 223,
1992.
. D.-S. Seo, S. Kobayashi, and M. Nishikawa, “Study of
the pretilt angle for 5CB on rubbed polyimide films
containing trifluoromethyl moiety and analysis of
the surface atomic concentration of F/C(%) with an
electron spectroscope for chemical analysis”, Appl.
Phys. Lett., Vol. 61, 2392, 1992.
D.-S.Seo, N.Yoshida, S.Kobayashi, M. Nishikawa,
and Y. Yabe, “Effect of the molecular structure of
weakly rubbed organic solvent soluble polyimide
with trifluoromethyl moieties on anchoring strength
of liquid crystals”, Jon. J. Appl. Phys., Vol. 34, 4896,
1995,
. H. Matsuda, D.-S.Seo, N.Yoshida, K. Fujibayashi,
and S.Kobayashi, “Estimation of the static
electricity and optical retardation produced by the
rubbing polyimide and polyamide films with different
fabrics”, Mol. Cryst. Lig. Cryst., Vol. 264, 23, 1995.
M. Hasegawa, H.Takano, Y.Momoi, and K
Nakayama, “Relationships between the image-
sticking time and electrical characteristics of UV-

884

10.

11

12.

13.

14.

15.

16.

exposed two—-domain wide-viewing-angle LCD”, SID
digest paper., 666, 1996.

M. Schadt, K. Schmitt, V.Kozinkov, and V.
Chigrinov, “Surface-induced parallel align ment of
liguid crystals by linearly polymerized photo
polymers”, Jpn. J. Appl. Phys.,, Vol. 31, 2155, 1992.
W. M. Gibbons, P.J. Shannon, S.-T.Sun, and B.]J.
Swelin, “Surface-mediated alignment of nematic
liquid crystals with polarized laser light”, Nature.,
Vol. 351, 49 (1991).

J. L. West, X. Wang, and Y. Ji, JR. Kelly, “Polarized
UV-exposed polyimide films for liquid-crystal
alignment, SID digest paper”, 703, 1995.

X. Wang, D.Subacius, O.Lavrentovich, and J.L.
West, “Four-domain LCD using high-pretilt
photoaligned polyimide substrates”, SID digest
paper, 664, 1996.

K-W.Lee, A.Lien, and J. Stathis, “Mechanism of
UV modification of LC pretilt angle and its
application to two-domain TN-LCDs” SID digest
paper, 638, 1996.

T. Yamamoto, M. Hasegawa, and H. Hatoh, “Liquid-
crystal alignment by slantwise irradiation of non-
polarized UV light on a polyimide layer” SID
digest paper, 642, 1996.

X. Wang and JL. West, “The mechanism of pretilt
generation on polarized ultraviolet light aligned
polyimide film”, SID digest paper, 5, 1997.

Y.Imura and S.Kobayashi, “Prospects of the
photo-alignment technique for LCD fabrication”,
SID digest paper, 311, 1997.

D.-S.Seo, L.-Y.Hwang, and §S.Kobayashi,
“Investigation of pretilt angle generation in nematic
liquid crystal with slanted non-polarized ultraviolet
light irradiation on polyimide surfaces”, Liquid
Crystals, Vol. 23, 923, 1997.



