B P &2 oa Rk TR T

AL F 2k

R e i B i b E R B 2 ]

Determination of Pretilt Angles in Hybrid-Aligned
Liquid Crystal Cells

P34 X8 @ Huang-Ming Wu

th e 22 & Kei-Hsiung Yang

PERF 0L # T



MEfew R AR RLEERETE 27T
Determination of Pretilt Angles in Hybrid-Aligned Liquid Crystal

Cells

Lighting and Energy Photonics

July 2012

Tainan, Taiwan, Republic of China

P EA R 101 & 7



4.8 ap hERRYHE 21
B> 2 <~ BRP B RETFAY TR

¥ =

T kB R T Bend AR T B (WE R R E P B
BoF OIRIE & B R At R AR it B R B 2 S MR 0 v
* o AL e w B R S 0 REHINR e s T AR £ BP0 I & D
AT S G RSPt R ERFEL > FR AP E LR L e
S o PR 0 B B - EATA G 0 E R p o

@ﬁwmaﬁﬂ,KKEWﬁﬁéwaﬁég@g%é§WMﬁ

kP ApIEE o AT Y o APR* POSS 7 f A+ Bt R T p
B R R SRR R R R L £ R A kTR
BN LT e R SR A AUES BEAS Y o RO R 2
enErr R o TN {E s B F R R TR A B

F PN S S R TR R T

o
IR ARGl > RFA T AR EILRER



o R T
BRSKAPEREE T EONB I ST B A 0 i E

RIF|Fip i f BEM GBI b o % A RN OB 4 TEIE &

-t

A ety o A P S S ¥ S £ R e T

2, k=
N

‘E_/P'JE'JE{”#E ff_’_ﬁf@j&% ) P‘;. g y F, Erév E’f”f& BBB_é _ l%ﬁil“}'l%’% fﬂ‘

3 TE M & o



Determination of Pretilt Angles in
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Student: Huang-Ming Wu Advisor: Dr. Kei-Hsiung Yang

Institute of Lighting and Energy photonics
National Chiao Tung University

ABSTRACT

The measurement of the pretilt angle is very important for both optical
and electrical properties in liquid crystal displays (LCDs). Previous
methods of measurements, such as the phase-retardation-extremum method
and the crystal rotation-method, have been applied to liquid crystal cells
whose alignment were parallelly tilted at the cell substrates. However, there
was no methed for measurement of the pretilt angles of hybrid-aligned
LCDs. In this thesis, a new method was proposed to provide that.

We developed a theoretical model to calculate the phase retardation of
the hybrid-aligned LCDs and compared with experimental results to derive
its pretilt angles. In our experiments, we doped the-homogeneous alignment
film with the nanoparticle POSS (polyhedral oligomeric silsesquioxane) to
change the pretilt angles. The hybrid-aligned sample was composed of
alignment by this film and the homogeneous or vertical aligned film at the
opposite side. We have used. an iterative approach to derive suitable
equations for the determination of accurate pretilt angle by comparing our
simulated results with experimental results. In each iteration, the equations
suitable for the measured phase retardation of the hybrid-aligned LC cell
were modified to decrease the standard deviations of the obtained pretilt
angles.

We believe that, for the first time, we have developed a general
approach to determine the pretilt angles of any hybrid-aligned nematic LC
cells.



Keywords: pretilt angle, phase-retardation-extremum method, crystal
rotation method, rubbing alignment, POSS (polyhedral oligomeric
silsesquioxane)
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AT A T R e qe A G

I, -1, = N N )dz + (tan ¢, —tan 4, ) sin ¢dz (2-9)

COS¢, COS¢,

29 (2-4) (2-5) (2-6)5° £ » (2-9)5% - 7
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@(4) ——f Fdz (2-10)

2 2\ o H

n,—n,’)sinacosasing nn sm

Fz( e =Ny > ¢+ &0 —sin’?
C c

¢’ =ncos’a+n’sin’a
FAAELEAEE a(g—?zof’?’gfﬁf’ﬁi afe- ¥ ENoRE
LI G ke A AT E RS AR 0 T T RS

A ]

=

2

=

=

= 15 F

= .

A [ E y (,0 1
j 1 1 :':l 1 1
-10 -5 [ b 1 15

Angle of incident

Bl 2.5 » 54 2r4p it 8 8 B R
222 i LW
32 PRtk T 0°~10°fr- B 70°~90° H9E ¢ & 0 AN pid F
gR* AP BEEE kR LA 1005 70° 4 R > d SR EATH
)k s % o BlE PV R FIEEE B R L K > F]Pt ARy ch s
~ I A1) [12] > FHRENT - 250 i RSt ko
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Bl 2.6 % » &

i da £ IR

¢ (0) = kd(n, s ;secd,)  (2-12)
*x d Snell 232 :
1-sinf=n_sind, =n, sing,
AT L E AR E 8 B A RE (RGN 5
@ (6) = kd(n; cosé, -n, coséb, ) (2-13)
IS F RN RIS R LR Ly

18
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(2-14)

VI L

sin®0,  (siné, cosa +cosé, sine 00, cosa +sing, sina )*
c 2 2 B 2 (2-15)
sin“@ n, n

e
Ly v
rHE R

1=sin20[n—12(005a +cotd, sina)® +n—12(cot¢9e cosa -sina )? |

i i (2-16)
=n—12(sin0 cosa +sind cotd, sina )? +n—12(sin¢9 cotd, cosa —sin@sina )?
1 1 .
£ a= v b= » Z=sindcotd, >0
n n
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1=a® (Zcosa -sindsina )? +b? (sindcosa + Zsina)?
=Z* (a® cos’a +b’sin’a) +sin’6 (a’ sina + b*cos’a) (2-17)
-2Zsin@sina cosa (a” -b?)

He

4¢° [sin’d (a® +b*-c*)-1]
= 4 (a® cos’a +b’sin*a){sin’d[a® + b° «(@° cos’a + b®sin’a)]-1}
4 (a® cos’a +b?sin‘a) {sin@ [a’ + b*-a® (1-sina) — b® (1-cos’a)]-1}

4 (a® cos’a +b’sin‘e) [sin’0 (a” sina + b* cos’ar )-11]

sin“g (4a” sina cos’a + 4a’ b cos’a + 4a’ b’ sin‘a + 4 b* sin’a cos’a ) - 4 ¢?

sin®@ [a’ sin2a + b* sin*2a + 4a° b? (sin‘a + cos'a)]-4¢?

[

sin‘a + cos*a
= (sina +cos’a ) - 2sin’a cos’a
=1-2sin’a cos’a

:1-lsin22a
2

B @10

Z= 212 [sin@sin2a (a* —b2)+\/4(a2 b*sin®@ -¢° )]
2 12 (2-18)
=i2(a2-b2)sinacosasin0+1\/ 3 2b sin®g
C C C
X

sin@
sing,

Z=sin@cotl, = cosé, =n’, cosé,

20



[ 1 2 2 - - 1 a2 b2 )
n, cosd,=—(a"-b )smacosasm¢9+z g sin“d (2-19)
C

¥ oeh o

n, cosé, :%w/cosze0 =%1/1-sin2:90 (2-20)
% Snell =32 >

1-sin@=n,sind, = sind, :isinH:bsine
n

0

F] 24 (2-20) 5 71 k5
1 RS
n, cosd, 5 1-b*sin,d (2-21)

Bofs & e (2-19)4e(2-21) 78 &~ (2413) > A 0 T 0 1B B AR AL g

ISR S5 M

202
p(0) = Zjd [iz(az—bz)sinacosasine + l\/l—ﬁ sinze-%\/l—b2 sin® |
c c c

#ar'b>C HFHaIMI N Ny NFES o B RN G
_(nez—noz)sinazcoswsinHJr n.n, |

n,’ cos’ a+n.sin’ o n2cos’a+n’sin’a
o(0) = 278 e in e (2-22)

A )
\/ 3 sin“ @ ) [noz _ SinZe

n,2cos’ a+nSsin’a

”"‘i’.‘jj‘ﬂ f:ﬁi@} QD-'_'Q'EE )\_&,‘J—Jg,ﬁt—g\ }1. > /Ifi; Bﬂaﬁﬁjﬁ‘&ﬁ-&(ce”gap)
dy »5td RO > EIFHE gL FHAPM > 7 B P A5 E A

EROFVIKERY B F P A PRFR DI f O p it & F
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4 7 d| (n?—n?)sinacosasin|f|
Qg = -
0 yl n,2cos® a +n.2sin’

(2-23)

B fs 34—(2-22)*,% 12(2-23)5%  fla)=22 s d i ngenge & 11z d
2

+0

Flo B SRR H 0 ST SN

Bl 2.8 Bif sk rbf- 28 g7 AW
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¢total(¢) = 1 Z —
A=y sin® ¢ PRI
T2 2 72~ VM, - 3SIN ¢
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Mg BIEMEE(Anign) > B gp B E R Avde k> BP9 Ad
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