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Study on the mechanism of controlling the pretilt angle of
liquid crystals on the plasma-treated polyimide film surface

and the magnetic nanoparticles

Student : Meng Chiou Huang Advisor : Prof. Ru-Pin Pan

Department of Electrophysics

National Chiao Tung University

Abstract

The widely-used mechanical rubbing method in the liquid crystal display
industries has some drawbacks such as leaving the dust, static charges, and
scratches on the treated surfaces. Besides, it is also difficult to satisfy the
demands for multi-domain-pattern-and high -pretilt angle. To overcome these
limitations, a non-contact surface treatment on the polyimide film by using a
diode type plasma system has been studied.

A capability of inducing high pretilt angle is found in this work. The
influences of treating time and plasma energy on the alignment effect are
discussed. A significant amount of maghemite nanoparticles are deposited on the
polyimide surfaces treated by the plasma beam at the same time. To find out the
mechanism of surface alignment with high pretilt angle, the relation between the
surface roughness and the size of coated nanoparticles has been characterized by
using scanning electron microscope (SEM) and atomic force microscope (AFM).
Further investigations on the change of chemical bonds on the treated surfaces

have also been carried out by using x-ray photoelectron spectroscopy (XPS).
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& % % (Glow discharge region)” % [ &m0 %

1LBEELT | RFMAE D DY B AT > A2 F L T s 2

Ao a A R ARTHE P R B T A BTG R
BTl o 2 SIS R o - SRERF R SR ELILEES T
At I REFEH o R EFLTEARPLE > T ¥ af
TIAEE LR o
3. fiEkR I D XFT IR LR FE LRI E > TP REY Fn
FRAsF o HE A TGS
AR Y o R SRR T R BN
AEMABREJF FEZE L FRIBREIEHP) T F AL B
TR TR A RE DT TR Bfd 2T RFE L B Pk
HhF - gHmFAF LS o ket T 2HFEES 25mm & 30mm >

\rm

At~ T R ARE £ A B 5 50mm fo 52mm s 1R824 1.0x10%torr > #F
BH g ML E F o IB-275 A fEr He ot > A F B F % & coat mode T i
(o @ @B EALY AN BNEETG B AT R OV~1400V ~ T~ A

 ESESIEE S S R

\‘

L

BHd B LR RIREER o e b oaget

\\\?@r



2-2 % 8tk & R EE P

N

2-2-1 3¢ 1 & (pretilt angle)s& p|[14]

- BRI BB A H B3 A chfe e sk 0 @ fie e S cdE 3K
BB s A )T};,—E‘!\—E_ B H IR A o i =gk & ?'P;}F, R g R Bh D
(director)sz A&+ & & e & » Fhew f Lo b R LIgER H A+ 9w X
BT s PFRAE S b Kigs il ln A TR & ch o) s § 3
FHTEF B S TROMEE ) F R R AR L
Braeh g PIFEME & o

BRIFEME A cnD E G ) > bl4e o B8 %4 2 (Crystal Rotation
Method) > & 7 & /p](Capacitive Method) » ¢} 4c 2 3-(Magnetic Null Method)
Foobibpl g R, ORI SRS XU R R
B B E LS B S 3R O i BRI -60°0~60°2 FF chk g B gL s @ 7
BRlfot e BRI S FR A R RS L HN T RO ks & R

M- E NAE e o FL AR R A R e A

A e R S A - AAFITH G T Tt - ik SR S R A
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& ¥ & (Extraordinaryray - e-ray)>d 5 2 deth & 5B oo s R fe R MR A

Q5 Zer b i o

ﬁz (0,cosa,sin@) (2-1)
E: (0,sin ¢, cos @) (2-2)
kAe =(0,sing,,cos¢,) (2-3)



K, = (0,sin ¢,,c0s ,) (2-4)
# B¥ o-ray fr e-ray ¢k 4% £ (Optical Path Difference - OPD) 3

OPD =OPL, ,,, —OPL

0—ray

= _ 2-
[nﬁ(eeﬁ)( 050, )+ (tan g, —tan ¢, )d sin qo} n, (COS%) (2-5)
B P Ne N~ W &g ¥ e-ray fr o-ray chd7 bt Gl o F
1
sing,, cos’ 6, |2
e (0) = ( . J (2-6)
ne nO
eeff :z_gpe_a (2-7)

2
#-(2-6) ~ (2-7)%2 212 B z_£(Snell’'s Law) sinp=n sing, =n sing, * » (2-5)

?—E’? Loy e %EE'J .

1, 5, o S, LEmed N, 1 1. ., ., 2.8
OPD=d C—z(a -b )SlnaCOSaSIn¢)+E(1— e sin® @) _E(l_b sin® o) (2-8)
H o

1 1 2 2 2 2 ain 2
a=—,b=—,c*=a’cos’a+b’sin*« (2-9)
n n,

PREERRSIRSEITENA L LHRIES R IR R AT EE RESD

I =1,sin ( ) (2-10)
H ¥ Ap=Ankd =k-OPD
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2 1 2b2 2b2 _%
:>7d —2( 2 —p? )smozcoswcoswpX (1— sin goxj sin g, COS @,
c c? c?

+b(1—b28in2(ox)7% sing, cosqpx}zo (2-11)

gy TP FLBEQx 2 TE RNAE M b o B 2-3 F RRITEME A 2 ki R ¥

it o

2-2-2 THEBHESERTES
*EPR SRR A (S R R T I 2r4EE (Jones matrix) &

4 &k REiEA K B(Polarizen)® iR w2 Xy T o % & S g Bk hk

B o LA~ RS XY R BRI e
1
-E'— -r‘ﬁ'll-‘fé'._L/ BBB }j,_%?%‘_l
in kd in kd
e 0 ., Ccos¢g e cos ¢
E.=E . = _ .
- of 0 e™ 7 —sing” "—e™ging (2-13)
%ﬁ%ﬁé—lliﬁ/& BBEI %9 ’ —;E ?, i%‘% [ 7:?*
cos¢g sing 1 COS ¢
E.=RE_=E = . -
b b o(_sm¢ cos¢)(0) (_Sin ¢)xy (2-14)
BoR-H e oA R &
) cosg sing.  e" cos g
E.=R'E,.=E _ -
LC LC O(—sin¢ cos § gk sin (2-15)
B {8 538 & ' F (Analyzer) s
0 0 0
E,= E.=E(. . -
A (O 1) - 0(e'”eOI singcosg—e™ cos¢sin¢5)Xy (2-16)



E, =E,e"“singcosg—e"" singcosgy

AN ~i8g
=E,e™ singcosgle 2 —e 2 )y (2-17)
= E,e"™ sin ¢ cos ¢(2isin AnkOI) y
e
ﬁzn”;nl , An=n, —n, (2-18)
_ 2 : . 5, AD
» 1=[E, = 1,sin*(24)sin*(=>) (2-19)
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S R L

,sin?(2¢) (2-20)
B AR 2-4 0t > B B mipdR T T R R o EE SRR K
WA Bk RugEE 4 R o irE 2-5-
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2-3-1 SEM & p]

4 3% © + B4t (Scanning Electron Microscope » SEM)E 5 % f#4%
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2-3-2 AFM & MFM & iB|[15]

Ja =+ 4 B pic(Atomic force microscopy - AFM) > 2 & 4 # R AP b endy
-7 F 427§ 4 o (contact mode):t F iz # +~ 48 4 & (tapping mode)~ & =
FoFlaEELA R B MAR S mFESELACR S Fa /K E AR EL R BA
(surface morphology) - @ £ # % #ic4.(magnetic force microscopy ° MFM) >
BE R & RPIEAY & 5 B adR £ R S & 2R 5 eh AFM R T2 4p
o - MARBCSHOEFR S GAEZF 2+ A2 T REAIT LG
BHG R SN L

BRART AT AL CHEIARA > P REIBEEY EEF
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B FIMFHESRIRS AR XTES REE R KB
Sl F - AFRERSTRR LGSR RFESER I - AR R AM

FAMFCHAMAGE ) AFAMAR P RE - R E O 4oR] 2-6

4 Young's equation : sy — sl =71y C0SO (2-21)
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FiEr A o FEMBAL T 4 LR B A e kT
R R R 0 IR R FEZ G BIRIR % (Wetting property) -
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(L+cosO)y, =247, 7s + 20 7 (2-22)

Vo=Vs +Vs

(2-23)
Ve :7|D +7|P

v - 5e ~ N )| D v
HY Yy 5 BR4 o o (surface energy)™ 11 4 = 2E 4G I8 B4R IE > o

F 48 24k 4 (dispersive force)d 3 LR A LR A L 59" %
4 4E 1 4 (polar force)é 544+ ~ T4t % > ARt (N -

7o 7|P) HAE A HMak g i (Vs 7/5D > Vs )—7 b (2-22)5" 2 (2-23)
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[nm]
. v IR 812
0 [nm] 281.2891
Z1[nm] Z22[nm] AZ [nm] Distance [nm] 3]
[ ] 9.025663 9.043420 0.017757 5440316 0.018701
9.356262 9.142689 0.213573 54.40316 0.224928
B £l Particle size
[nm] =
& Line Profils " Average Line Ra D BO2BE-01 nm L : 279E+02  nm
P : 3682E+00  nm Ac © 9303E+01  nm
Aa : 4648E+00 °
19.56
Ra : 1.362E+00 nm ZData Histogram[*:] Bearing Ratio[*]
7= —L S5 o) ]
= 9.73 2.27 42.89
Roughness
3 : B.505E+05 nmz [nm]  Pitch : 010 nm
S Ratio - 1.01605
File  : 420v-10min-800nmxgd
Com.1 : 420%
Y Com.2 :
Com.3 :
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