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Study on the mechanism of controlling the pretilt angle of liquid
crystals on argon ion beam treating polyimide film surface and

surface analysis

Student : Chao Yu Tai Advisor : Prof. Ru Pin Pan

Department of Electrophysics

National Chiao Tung University

Abstract

The widely-used mechanical rubbing alignment in a liquid crystal
display has some disadvantages such as leaving the debris, scratches
and surface electrostatic charge. To avoid these drawbacks, Argon ion
beam treating surface of polyimide (P1) film in favor of and pretilt angle
controlling has been studied.

An ability of inducing high pretilt angle is observed in this work. The
aggregation of Fe,O3 deposit on surface due to high energy and long
time ion beam bombarding. Therefore, influences of treating time and
plasma energy on the alignment are discussed. To realize the
mechanism of surface alignment with pretilt angle, the relation between
the surface roughness and particle size has been characterized by
atomic force microscope (AFM) and scanning electron microscope
(SEM). Further investigations on the chemical bond on the treated
surfaces have been carried out by x-ray photoelectron spectroscopy

(XPS).
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2-2-1 3¢ ¥ & (Pretilt Angle) & P

A AR i R & % et S % F (Director)® £ & & & o BT
BerdFifd I A onfies 2k 2o @ 0 fEfe e sk R B E o
i“fﬁlg\% R > Fhew R KIgRiR fo &+ 30 - B w5
dopt B SR R ETE ek e A R MR R k) s {g 23?3,5%?67 o B
FREFF > FI BEF T R» 84 Mk 2RFEMHEI L E T

ERIFEM & 0> 25 3F 5480 bl4e o R 882 dg 2 (Crystal Rotation
Method)[10] ~ & % i# (Capacitive Method) ~ *} 4 2 3 (Magnetic Null
Method) % > iz = j2 % 3 H R4 g > vE 3 R W EHEE 7 F 4 T e vl
Fo AR R & X U R oA LIS WA B R
-55°~55°2 B enk g RO om Asm e B SRR 2 2R 0 B 2-5 5

t »
.?'%E%&_%_ °

Pinhole @ §

Lens
He-Ne Laser I
e |
I Detector
Polarizer Analyzer

Sample

L1 | [ °

O Multi-meter
o E—
Computer

B 25 FFHEER2ZFHREE TR
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PR A RS A - AR BT %‘F‘?E* TR B PR
REDFFTHL R HFRSEAL M3 g £ o W E F ¥ £ (Ordinary
Ray » o-ray)#? 2£ & § & (Extraordinary Ray » e-ray) ' d 2 2 St &5 R > @
SR B A 5 dof] 2-6 1T 0 RIS d b MDA E sk LR F JE

MIEME A oo

B 2-6-3k iR Stk & i AT HIL % T & B

A

TEZHhE LE R AR B 0B & A F 92 w3 n(Director) %
AN A
kppEdir3 e K v Ke ~ Ko T7F A W2 KA

rAl: (0,cosa,sinx) (2-1)
|2 =(0,sin @,cos @) (2-2)
k: =(0,sing,,cos@,) (2-3)
Izo =(0,sin¢,,cos@,) (2-4)

H sk #2 % (Optical Path Difference » OPD) & :

OPD=0PL OPL

e—ray 0—ray

(2-5)

{neﬁ(eeﬁ)( d >+<tan(po—tancoe)dsinqo}no( d
COS COS

P

e
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Hoe o ~n A8 5% S eray o o-ray e it ki ke 0 H ¢

1
sin® @, cos’ @, |2 2.6
neff(eeff):[ n2 i + n2 ﬁj ( )
n
O = ~p.—a 2-7)

H#-(2-6) ~ (2-7)& #12 B z_E(Snell’s Law) sing=n sing, =n_ sing, * » (2-5)

v L

RN

2

2IW2 1 1 2-8
OPD=d Ci(a2 —bz)sinacosasin¢)+%(l— ack; sin? )2 —%(l—bz sin? (0)2} (2-8)

# 1 1
a=—,b=—,c’=a’cos’ ¢ +b*sin’ &
n n

(2-9)

FoHAR SR PR B RGE T YRR R S DRIE D e 3R

A3 E fhdk 45°4 > TS kR R A
I(p)=1,sin’ ((D) (2-10)
4o 5(¢):Ankd:27”OPD

BPAIH TR R T B R RN R g o Ao B] 2-7 7T 0 B

OB E R0k R AR L S Bt o K ApH o HA By,
T EE R
d5(e)| _, (2-11)
d¢ Px
2l2 2|2 1
27ﬂd[—(a ~b*)sinacosacosg, — b (1— b sin® @) 2smgz)xcosqoX

1 (2-12)
+b(1-b’sin’ ¢,) 2sing, cosp, |=0

d I((D)i%—ﬁ;f%h(/’x Ax(2-12)F 7 FEFEMEE a o
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(8]
S 0104
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)]
C
o
|_
0.05
0.00 T ' T T T T T T T
40 -20 0 20 40
¢ (degree)

%27 ’TF“I"E"&.‘Q‘,?J ’I°5$)§%1Lm

2-2-2 gt SRR T B S

1 * 2§ 218 (Jones-Matrix) K 48 530 35 7% fo 1 S-c1F 5 2k 3 B 22 g
R 2 APt B OGRS 0 L&A B (Polarizer) shif & & &
XY o %4i 0 Ftaphimhde b Riradk s XY
TR ERIESY & TR BT

| e 2-13
Ep_(EYJ_EO(OJXY ( )

‘F“ ’L‘Z‘}l?rl‘/f ﬁ%ﬁ'i /l’z’ Be E.’Fr,f‘

. e™d 0\ cos@ oMk Loc g (-1
E.c= Eo ‘ _
0 e’”"kd —sin @ _ e’”L"d sin @
KRR SIS HEHFRI G
cosf sind |1 cosd 2-15)
E, = REp = EO . = Eo .
p —sin@ cos@ )\ 0 —sind ), ..

TN S RSt S
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4 cosf® sin@\ e™ cos@
Ec.=R ELC' =E, i
—sin@ cosé@ )| —e™ging
B 141 ¥5 ¥ 1% B (Analyzer) {4
e (00 _g(°
Ylo 1) e sinGcosd—e™ sinfcosd)

RigNFTY A ED

E,=E, (e"“sinfcosd—e™" sinfcosH)y

_ An An
inkd - 17kd —17kd A
=E,e"" sinfcosH(e —e )y
akd - ._Ankd »
=E_e"™"sinfcosH(2sin )y
H g _
= _n,+n
—L—L An=n,—n,
2 1=[E[ =1,5in’(20) sinz(%)

T 31 :% & ¥ F (Photo Detector) :

(2-16)

(2-17)

(2-18)

(2-19)
(2-20)

B, 5 288K 05 METFZ wERGfRT D el ko AD S AP

* ¢ % (Phase Retardation - A® = Ankd ) »-m 4p =2 & 7 € F] 5 -k T 3

Fed g F KSR S 1 =105in"(20)
7

% AR 2-8 1w > B m S hihR Y L FL 20 8

B % it Ao Rl 2-9 1o o

(2-21)

%5 B &

Ll
—
LIS

—

—_
Computer
He-Ne Laser @
Polarizer
Sample

B 2-8 itk 5 B 7 E
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1.0

0.8 1
3
\(_G/ 0.6 4
8
S
g 0.4 1
g
'_
0.2 4
0.0 T T T T T T T T T T T T T
0 50 100 150 200 250 300 350
0 (degree)
Bl 2-9 gtk 8 5 B F 2 kR ¥ H
2-2-3 & by T £ R
Bt e AL E A GBI & e A B A B R BT T AT
1 : . 2-22
f :E(Wa sin 6, +W, sin’ ;) ( )
Z

Director

P
.
.

.
.
.
.

Easy Direction

B2-10 >3 2 E&fe > w2 &R M

0,81 0,5 W] LK T & 848D &3] ©

Jkﬁ =) J\ @IT
B (Polar Anchoring Strength) o & * &4 473 ;% §_d

A 1T A kR RRT

16

it 9 & (Azimuthal Anchoring Strength) £ & v 4 2_

L N

%8 0 deB 2-10 217 0 W, r—f’W S

2

K= \
T_AL g

Nastishin % 4 %

Pl &tk & efp -2t ¥ (Phase



Retardation) % 3* B [14] c 5 L 2R 4 THF T R LR &FHTEHEDT EF

(T-V B > %% 4@ 2-11 #757 o

Multi-meter IEll
= O
[ —
—

Detector ) Y v
- Lock-in Temp
: AC Source Controller
' |
He-Ne Laser : vy
| R R S R QR | S
BS ) Sample Detector
Chopper polarizer Analyzer

]

=
(:fn\&

Bl 2-11 t= by T i £ PR B 2ER T

ReAk 2 el hdR > e 900 e [ B AR B Y 0 R LRk & & P
v S iR B L & 45°; %7 B (Chopper) £ 44 4p < ~ % (Lock-in Amplifier)
A ke d k Suaurp B 3L A 4 % (Function Generator) 2 24 % i &2
& R ﬁﬁi%l U 1kHz = A en® BREZ S & 5 0 B el § i = sy
R an®i > Ak de— B4 k4 (Beam Splitter) 4 = 7 1 6 4 %] F_

B £ £ (Probe Beam)£? %% % (Reference Beam) 4 i3 it 35 & & 1 =1 /1

RFRITEFIHIBRITRE S S v 2t BT RITE(R-VE) > ##

X% R=2xsin"( IL) (2-23)

# 4% = 15 12 P5 Nastishin «04 473 72 » 5 L R-V Bl% F &% 7 754 3
(V =V)R/Ry, = Jo— (14 &Y,V —V)2(K,, cos” 6, + Ky, sin> 6,)/W,d  (2-24)
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- & —& K
:ET o V:a( 1 2)72. 11
& (& —&,)8,

a=—
yd+m)

T

1
! \/(1+y>(1+z<y)dy
sin26’0

k=(Ky =K)/K,,y=(¢-¢)/e, and y,=sin’,

Jo Rstin b AL G M¥ Boo R, R4 T bt dpin s B 6,
o i mrig i 4 o K g Ky & ) 2% 8 chut B (Splay)sB |3 F #icgr
# Bend)EM 4 > E\ v &L 2 HBHFE > w T Ffodkip h > w3 hh
THB S LY AT NS 222400 R AV f Ve R AT
O EEER % BV =6V, V,, =(0.2/7cos0,)W,d /K, Ve /&,
F1* 2B A 2 81T R 4 Faig W, o
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2-3 %o & 37 &R
2-3-1 AFM & 7|

Ja + 4 B pcse (Atomic Force Microscopy » AFM) » i & & 4% J& &F
(Cantilever) ' end5 4+ & #4f§ & & (Contact Mode) &% #_§= &k # %8 % o
(Tapping Mode) » Fl4k % & 98 MA2 K » F I X B H T4 6 27§
oo SO RAR e Tl o+ B eniT 4 Ap g o TR R R G 8
HEde RFn(Er 4 ¢ RBA LD 3w HiFSH 4t ERIRBA B
B Fh AR E v ATR QT AEFSERET OES 4 AR
fo i AP BEFFTTRF A o Aot )I*u? ¥R £ 6 ¥ 25(Surface
Morphology) > B0 A B RE R o B R % 425t SPI3BOON 3 X
M & & e tE & (Roughness) (1] 4o¥ifdr= 4771 o

2-3-2 % 6 we R P
BORMIFE T FNA G F RFM AR L EA - BEM L0 4R 2-12
“i5% » ¢ Young Equation : ¥y =/ =, c0s@ (2-22)
By~ Vg A Bl AT EME S AME LN RHEE T DA
FAEH A o FRME oA IR A A B AR ¢ RIRIR L F
e AG € BRFE
Y

Vsv 6 Vsl

A

Bl 2-12 ki & % 0oac P8~ R F 2 FEY 4 5 L
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) ]
1
LIS
 E—
PC

Light

______ S |

Sample CCD

B2-13 2 EERIFHREE T2 B

B Aowm s E G R F o MR 2 % Owens-Wendt Method %3+ 8 £ &

(1+cosO)y, =249, v + 29 r! (2-23)
Ye=Vs +V<
71 :7|D+7|P (2-24)

D
HY Vs i FE 4 & # (Surface Energy) ¥ 4 & 4G {438 2146478 » )

F 48 24k 4 (Dispersive Force) & 3 ™R X fi # ~ 2hgiE4 & 7/SP 2|
HAEH 4 (Polar Force) ¢ 5 a4 ~ 4 42% » apteni g i (1 ~ 7~
NWOT B @ Ak g i (Vs> Vs ~ Vs )7 d (2:23)82(2-24) 2 5
AR ED

1973 # > d Creagh ® A e 11 o2 & G av B % > IR S KT fe
o AFELG A AL PRGN X (r >y BFEA LIRS 0 AW
2o g A dog i (r,<y)[12] 0

ook s TR AT R WL A R & o d5d CCD
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GEdpdEde > R ANEEEOHARF L Rk 7 =21.8ml/m’
7 =51.0mI/m2 £ = & 9 22 ¥ =50.8mI/m> ~ ¥ =0 mJ/m> ¥ E 4 & & i

[13] -

2-3-3 SEM & B

4w 3% T+ B4 (Scanning Electron Microscope’ SEM) £ 7 % 247 &
(BB AT A Inm) > ke BFTAE L - F R o EBRHE
AR AEFFEDFEIRTUEFEFR AR ER 2 EF
Fro il B 1 TRhEZTIREERFRL IS FHATAAF R+ 40
SETRGHEEL  FURETFIARELIFT T I FRREKITE S

2-3-4 XPS & 7|
X-ray % 7 + it 3% % (X-ray Photoemission Spectroscopy > XPS)¥ 12 #3#

PER MR EIMEZTEALAN Avk e P HF SRR FRE ST

1%\"}4 ’?j&—}%{j“#\.ﬁ%?

d
s
i
a\
P
¥
ENS
$=
@H
\
H\
5?&
=
e
>
$=
B
K
By
E

RFichi? hR 3 @SR T FHIORE LTI AB s T A RS
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E, =hv-K.E. (2-25)
Eg s kT3 & ~hvi Xkt 8 - KELETFARIPPREN > e
EFERT LA ER2BI LN LR/ S, BRI AT
E; =hv-K.E.-¢, (2-26)

AfREARY W2 EFF &Y e XPS - 3155 ESCA
PHI1600 » # X-ray §.457c AUMg 7 %3 (15 Rt » ¥= 42 d chir £ 5
1486.6/1253.6eV - ix B * 10-360 L k4] ic £ 4 17 ik #5 i Multi-Channel
Detector * AE/E % 0.1~0.8% » B &~ 73 % £ & (<Snm) e~ % » H F & it
(Binding Energy) ¢ 1 & % w &% kw2 > @ &2 4 it § =4 (Chemical
Shift) » * F =4 o 47?7 E AT meo “,f 7 * Multipak *F > A7
% 1| $5 e Peak Fit 425 R a4 o o &g gt (1s) 97 4k odka > @
F# C-C/C-H (284.56eV )~ C-N (285.68¢V) ~ C-O-C (286.29¢V) ~ O-C=0
(287.4eV) ~ N-C=0 (288:66V) %2 OC(0)O (290.44eV)it (745 & ; ¥ ¢h L 1
N 4om B F (18)91F 42 Skt dy o ¢ 48 Fe,0; (529.77eV) ~ C-O-Fe
(531.1eV) ~ N-C=0 (532.03eV) 2 C-O-C (533.26eV):& 7 4% & [15] -
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Y23 HeUiregRER

3-1 A @i
3-1-1 ey
1.##3 ITO(Indium Tin Oxide)srgk 3§ *» = 7 & ¢+ -] (lem x 2cm) >

VR I q\}%ygjafﬁq\;@g;' TR E o LR HRITO » §F o

- 3 %o
2HTT R B UBE AR > R E P o

BAe M IR A PRI IER I RR > Ao R FE RS
FomrRFARIEY RES A4

4R RY R > R R BB A M T U o 4 B
(Acetone * ACE)i3 i3 » g ART EY T SA4 > TR
I~ B iR EY

SERSAY AP ERTY L3 R TR R o e r TR
(Methanol)iz % > e > A R BT B BT 5248 T 8-7 g5 3] » &
RFY, o

6.5 & feL* P FRi eIy > R g3y r L3I R FE Y o b n
235 k(DIWater)» % > KFARTEY RISAE T 5 7 BH#

j ez s 100°C HE ¢ R E 0 PR 30 A 48T 60 A 48 e

3-1-2 pew %% iw (Spin Coating)
1.#7# * eofe = & 5 Nissan SE-130B > F] & fiew & § /4 &
P T4 B R

=R ip it
PP L AR EFIRETRE- LS B

1 A AR R KT 45% 0 A TEER G o

2.#BIAITO G §P + > 3ar B H P » % RIPRFIY £ 5 hh fovk
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A2 170°CH % - /] pF o

3-2 e 3 E 2 B E RS
3-2-1 85 ke
1.# lcmx 2cm * /| 484 PI I A ¥ N E@fd T R HTAMHA 60 & o
A AR ERIMEIE L UEFL A4S BFERY Y
BREEER ARTERY AR R IEF ALEERY > 2 D
ﬁukﬁ’Vﬁ¢&f§ﬁﬁ°
2. S L MEF D 2 FE PRI E Bk Al AR B B AR R
HeRf - REAG LG AR BESFRESIETR TR LR
BEEGF NG REZREN 310 torr c B ITE ArieF Rie
Ar 3 97 F R a4 > ‘adFgE+ 208 SmA 0 B4 Fr-k > ¥ 4% Flash
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2. BRF AL Y RO LY ok BV B 5 A R
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3-3-3 SEM & AFM tk &% 1522 & Jp]
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B AR I F o A B EH Y I 3-1-1 & en 2 e
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g R e F Bk @k RSl | pass energy = 23.5¢V - step size
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Bl 4-1-1 B v £ 420V ~ :e R+ BFFRT - R HHRS AL LRHEY T RS
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