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Study on Liquid Crystal Alignment by
Pulling a single tip on polyimide film

Student: Yu-Tai L1

Advisor: Dr. Ru-Pin Chao Pan

Department of Elettophysics

National Chiao-Tung Unisversity

ABSTRACT

The surface of substrate plays an important role in liquid crystal
devices. Rubbed polymer layers are widely used to control the
alignment of LC molecules, but the small area and multi-domain
alignments can not be achieved.

If the alignment of small area can be achieved, the application of
small LC components will be much further extended and the
functionality of Micro-electromechanical system (MEMS) can be
increased by including LC components

We develop a new LC alignment method (the fiber tip method)

to align LC on a small specific areas
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The single etched fiber tip is used to scribe the polyimide (PI)
coated substrate to make grooves on PI. The fiber is fixed on a
3-axes linear stage. By controlling the speed of fiber movement , the
distance and angle between the fiber and the PI surface, we can get
grooves with various micro structures and periods.

In this work, we measure the anchoring strength, transmissions,
and the pretilt angle in different conditions and determine the

alignment effect with respect to the scribing conditions.
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FEAESIfEN B A A EC N Co fFD - B
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A=632.8nm p¥ -
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d 5% & tE T3 47 2 7 EE(cell gap) -

O %% o & F chiz & B (twist angle) >

27md
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Po : p iR pE

E\,=%A-sin2¢s. 2-10)
A:% % T_# 3 & (Surface anchoring strength)

4ol 2-4 #7510 T A Eenfe gt (@asy direction 1) 5 x 0 F AR
ehfie > (easy direction 2)1,55?&“?’—?‘,‘ A= ARG, 0 THRY

2= 06— 0 (2-11)
EAFHY o f TR RRFAERELTE 7Y =0 R

0
¢S_E

5

Fiha A ARERRET o B p A

2
a_F:i 1K22 2_7[_2¢5 d+21A51n2g
o, op |2 2\ d 2 2

Sj+2Acos¢S sing, =0 (2-12)



_y=2hnf27 0 (2-13)
smo\ E, d)

2-5-2 HALE B &R Rl

%% Lien[12] - Akahane[7] * 77 % [S][O][10]2. % % » #-2 4= fi
AR Hik& 0 B3 - B0 2 ik P (cross polarizer) FF o B
% Sk S a4 iR B (polarizer){s eh R Fw £ 5 (1,0)0 =B~ 5k SR

B s g 3 ¥ % 3 279 & (Jones Vectors)4r ™ 4 77 !

'jnﬂ
B
pat:

1} (2-14)

# ¢ p e, & w5 ik Banalyzer)ft TN 3] 4 &3 212

(Jones Matrix) :

P, = R g oo, @-15)

Pry = R(p)PpR ™ (9,). (2-16)

& R T EAE 2-10 0 ¢, & A2k B (polarizer) & i % (analyzer) <
kX hkom g s % - KRS~ F 2w X (director)E 42 4 E (polarizer)
koo 2R (2-10)5 7z Bt 5 g g B o

R(p) = |:COS¢ —sin (p] (2-17)

singp  cos@

B s mx phs £ 5% - Kk dH > » X (entrance LC

director)™ = » B TN %] 4k & 50 Jones matrix ¥ % 77 =5 4T
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PO ptig r+is (2-18)
™ —r+is p-—iq ’

AR Q2-12)7 o

p= ! sin(@v1+u?)sin @+ cos(dv1+u’)cosb,

+u’

g=—2 —sin(0V1+u”)cos,
+u (2-19)

—sin(Ov1+ u’)sin @ —cos(@+1+u’)sin 6,
—sin(O1+ u’)sin 6,

:

5

=

—_—
< +
<

S =

:

1+u

u= ﬁ(ne -n,). (2-20)
A0

d: # & & & ( cell gap thickness)
A »EFskz £

0 : % = # & (twist angle)
APETRTEFT G =[13]

2 2
T=|E[ +|E,|
1 ) .
:[msm(\/l+u219)sm(9—(0p0,)+cos(\/l+u219)cos(¢9—(ppo,)]2 +
ut

—— sin’ (WV1+u?@)cos* (0 +2¢, —9,,).

(2-21)

TS TR

! sin(v1+u*0)sin(@ - ¢,,,) +cos(\1 +u’d)cos(@ ¢, )=0  (2-22)

(2-23)
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éf\ A(Dpol :2A¢0 ’ E]lj
T
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K
2 (2-24)
BT o R RN (2-16)0 2 B 2-80 B2 T MME

A B N 4 42 3k B (polarizer) 2 # % ¥ (analyzer) » & 15 F A W] &

N @, =2x-90° » f Mg A FR-15) Bl AT R E

& (twist angle)® 7 o
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20— bRl R Y SR SR RS 2 o Rt
EEPT A e R 6 T BRI P i i A B Do R
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b d FREAAPT @R RPE TS NG
KZ 2 1 ) 1 s 2
F=—(0-¢,) +d/sin” ¢+ —A,sin" ¢, (2'27>
2d Y
For minimum free energy,
8_F=0=K2(2—”—§)+A] sing, cos ¢,
a¢1 Py d
2K, 6 2
-2 02, (228)
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a_F:0:K2(2—7T—ﬁ)+A2sin¢2cos¢2)
o, py d
2K, 60 2«
= a4y =2 (82T (2-29)
sin2¢, d p,

3 o - 2] 2+ 2 o
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B FIPLAEEADEREET LR Do
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rotation method ) ~ & % 7# (capacitive method ) ~ Z3-/* (magnetic
null method ) o ~F % # i * & % fp =2t &> (crystal rotation
method ) » pt 2 A% g p fihy ~ i > e r sk BER L~ E 5
BRI B AP B2 A BT E S R R A
W E T UEDIGE Ao R e 2P TRV IR A
%4c®@ 2-13 o
Rfe A+ T ARG e R AE e F 0 ¥ B g T
( Birefringence ) 1+ Fs FIt X 81 ka8 ~ Pl by & 2 ¢ pE o O~ B
kg Lk D &Y £ (ordinary ray > ff fito-ray ) frebE f £
(extraordinary ray » ff fie-ray ) » % do & + 2t 3 3 Sk chdT bt
Foaulann, (0)> 0% eray{7iE > & 2% &~ F kb (optic
axis) *tx ek (%+ @/ 2-11)-
B AL Eie s i ke maf & (phase retardation ) © &3 g
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A=(cosa 0 sina)

k= (singo 0 cos (p)

lge = (sin @, 0 cos (pe)

l:to =(sing, 0 cosg,)

e de A F ek phE e £
o=~ 8k it

lge =2t & ¥ k(e-ray) dig ¥

k, =% % % (0-ray)ik #i

AN

3

gkt 4500 pld LA Rap T

cos@=r-k, =(cosasing, +sinacosg,)

X f ATt oo~ Sk R gt sk 208 & Snell’s Law B ¥

cosQ =n,sing, =#;sme,

d 3> BIEME A EE B R

£ 372 §.90° @ £0% Fp 3T oray fr eray 47

n,=

2
n

o

n()
_1
sin?@ cos’ @ %
n 0)-[ 2 o)

d [ 2-12 > o-ray ¢ A—>B chkfg ;5

OPLo—m = no dZ
! cos @,

eray ¢ A—>B ek gz i ¢

OPL,,, =n, (9) dz J{ z___d& Jsingo
cosp, |tang, tang,

LA EE B bk TS e &

.’ifq

Fji

(2-30)

(2-31)

A .
(L

(2-32)

+

i

(2-33)

(2-34)

(2-35)

d (2-16)~(2-17) ¥ 4 o-ray ¥ eray ehk 42 % %
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OPLO —ray - OPLe —ray

{ne(e) ( L ] n } (2-36)
=dz + - sin g —
cosp, \tang, tang, cos @,

d (2-13)~(2-14)~(2-15) #n, (0) Mn.>ny,~ o> @3 >

B & g kg AT (@) %

Mlp)= [ fi:

27 ¢d
:7_';) OPDofray _OPDefray (2-37>
2
=—d- fle,
—d-fla.p)
He
1 2 2%k .
f(a,go):—z(a -b )SlnC(COSQSll’l(D
C
27.2 %
+l(l—al; sinzgo] (2-38)
C C

—%(1—132 sin>g)”

2

B ERITEF 2 BR f i ¥ A Crossed polarizers

B BRI A AL 900 B R E - PR BiES b

by
)

s

X
gm
S

4
A4
N
(9)]
[e]
X‘_II
oy
(s
n
o
¥l
4
H\
¥
ETTRS

I((p)z—sinZM (2-39)
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Bt BRI F T S () Ho TR T @ F - BHLE R

p @&ff{ﬁu Ap Al BN BF 4 5 T ddp BT (@) Ho

T s
dr(p)_ d (2;; ) df (o 9)
_“ —d a’ :—:O 2'40
dp  do\ 4 fla-g) do ( :
df(a,(p) = LZ(QZ —bz)sinacosaCOS(/J
do c
5 s 272 P
Lt Cowsm(l_azj sz(p] (2-41)
c c
—bcospsin (p(l —b*sin’ (P)i%
T o=
c%(az —bz)SinaCOS(ZCOS¢X
- 212 -
e Cowsiwx(l_alj Sinz(pxj (2-42)
B ¢

2|
+bcoso, sinwx(l—b2 sin” gox) g

2

1 ) 212 ) 232 ) 7%
(az—bz)smacosa—a? smgox[l—a? sin’ ¢,
c c c

+bsing,(1-b*sin? p.) 2 =0

N & % & &+ b F § 378+ % (extraordinary refractive
index )’ n, % 7% ds &~ + 1F ¥ $78+ 5 (ordinary refractive index ) »
Gxn F B AR B St d S SRR T(Q) MR Y h e

B R x (2-25) 0 Flne > n3Fe Av o fFP S 4N T B PSR

MR Qo
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17 110,019 830
8 225,629 900
06 96,334 170
0.3 140,167 800
04 63,281 210
0.5 78,400 462
2.9 9,122 532
1.2 22,042 137
0.3 130,667 235

h(nm)
53.07
52.82
22.52
1.60
0.14
0.57
0.40
1.67
2.69
0.48

1 File 1~3 3 3F 4 4rilpF el § ch3a 4= >
A4~10 5 47 4 K S pr engis | e As

=h
=
]

L(nm) d(am)

t(nm) w(nn1) - hl(measured) h2(calculated)

1 1900 822 22,000 992 70.0 75.6
2 1934 852 22,000 992 65:0 66.3
3 1895 81.8  22,000%:+.992 30.0 30.6
4 338 230 2,500 " +*170 2.0 24
5 284 162 2,500 303 1.2 0.6
6 225 101 2,500 "210 1.0 0.9
7 219 156 2,500 462 1.0 0.6
g 231 10.7 2,500 532 6.0 2.5
9 224 101 2,500 137 2.5 3.9
10 272 148 2,500 235 0.5 0.7
% 2 T RARTIRE KB R
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file d(nm) r(measured) w(nm) h r,calculated(nm)
1 185 22,000 992 70.00 15,371
2 170 22,000 992 65.00 16,793
3 8.0 22,000 600 35.00 17,647
4 0.6 2,500 206 2.00 20,063
5 03 2,500 330 1.30 46,519
6 04 2,500 210 1.80 16,190
7 05 2,500 462 1.50 60,754
8 29 2,500 532 6.00 16,141
9 11 2,500 260 2.50 15,031
10 0.3 2,500 235 0.50 71,727

F03 U A enp FokdE B RS E R L T

(e m) Pitch (« m) wave length(nm)
-49.45 632.8

T(ohm) |[T(%) n(632.8) {Te-T K22(10E{Twist Ang A (J/m"2)
2105] 26.5563( 0.173271 8.74365}:0.27569| -0.4974| 9.69E-07
2131.6] 26.2668| 0.1742819.03323| 0.2787| -0.4752| 1.04E-06
2095.9] 26.6564| 0.17292| 8.64361| 0.27464 | -0.4237| 1.21E-06
2065.21 26.9977] 0.17168| 8.30234] 0.27102| -0.4566| 1.07E-06
1987.6] 27.8869] 0.16827| 7.41311| 0.26135| -0.4237| 1.15E-06

+
~
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