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Study on the Alignment of the LC near Spacer
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Abstract

Homogeneously aligned nematic liquid crystal displays (LCDs) driven by in-plane or fringe field
were known to exhibit wide viewing angle and appeared to be black in the off state. However, the
existence of spacers inside the cell causes the deformation of the liquid crystal molecules. Such a
deformation of the liquid crystal causes light-leakage in the dark state, which lowers contrast ratio of
the display. We found that the light-leakage due to deformation of the LC director near the spacer
mainly depends on the dielectric anisotropy and the ratio of elastic constants of the LC. In this paper,
the mechanism on deformation of the LC near spacer is investigated by optical polarizing microscopy.
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Table 1. The physical properties of the LC with
positive and negative dielectric aniso—
tropy.

ICs | Ku | Koo | Kus | Kew/Ku | €1 | €1 | At
LC1 {103 6 {149 145 1211 4 | 81
LC2 {135] 79 {151 1.12 37177 | -4
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Fig. 1. Photo showing the phenomenon of light
leakage near the spacer of the cell with

positive LC (Ae>0).
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Fig. 2. Photo showing the phenomenon of
light leakage near the spacer of the
cell with negative LC (Ae<0).
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Fig. 4. Two elastic forces affecting the align-
ment of the LC and direction of the LC
director by resultant force in area .
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HAGgs U g A, o HH
g oA AP oA dark M9
AA5E & F Uk

A g ARG AL "o AdY DAY o
A wEde B 2dolA BH A AAA
g AHeol 1 59 #e] bend FEIZ HAH
2 HHY AR, L& 19 63 Zo] 2¥ola £
A YoM w2 90°2 AR R A wHE FHEARA =
Alzlel @A FHeo Fi gl

28 @M F& dark Ao| FAA 1(b)dll YEt
¢ RAAYH wxd #PFe] HHAYFOo R darkX
9] ol T2 o dAA Mo AL 949 © =%
A dHEo] benddHE 713 1Y 58 ¥e& ¥y
FEHE Zedn Ad & 5 drh T o] g9
A splay W8 ¥elE 714 19 6& 9& FA%e
ARG Eo] 4 QoM oifEe AHE] WEgxr}
A 5457 9499 FxwrE g A =
o] g2 darkdog B Folz, Adolx Ed B
2Hol ] Wiy E A9 Fuste FYdiA F2
dark o] HolAl € Ao|rt EF o9 & AL
oz watEo] v HLSHE A, A LA
238 A3 9 B39 34 dXse GF¥A
ol AE o AlepRa, wtdpgEelA HRFI o
ol B BEAEe] BoJuA Hol darkde AF
g at vkl A gAdo] d Aol

e o

S
X

-

ol g} & FHo o <Fo AP HAHo WY
Hol & 49 QoM bend FHZ WYEA Hz,
&9 AL splay FEE AYEA g A4 &
F A},

AgAAe] ENA%E EdE 9He EAXS
2ol Fe] oy wrgalel ofwW FA} gliA
g 2d9gE& F8 s fg $4¥ez o
e Agd 9 wde] 7% HFHoE A4FE v
A Ao g oAsEE d4AsE vud Bk #1
o AFel BEAR vlmAx vel AT o3 s}
A %] A 9 Fo] AFES] BEHAE vy B
A7 %o AAe] ARt &9 Ao v w4 A
FE9 #ol A3 Ao ol&d Ke/Knvld &
5 Al 9] A9 FeE 1 FAJ 145 24
EE 12 oY e JHAH, &9 dAEL a1 F
A7k 112 X2 o] A o W AL g
F AUk ol#F Abde AdolA FHY AR W
o] M2 g F vt AL YAsEd F, &
o] AFEL Lo HAHE v AH/AH A&
EA8o] s 2dejMut 7| A e o
) EAE wdel AYETYL B 4 Y3 Ky &
of Ku #rRo zy] wjie] A% EAEo WFPol
bend RTH= splay BE7t 491 & 4 dd. o}
A g 7o Z:plolA oA oy Exiel wide
g AXYE 49 Dol auelA wiggd g
3 A% BA FHudE su EEdA HolR
B E FHEE o A4 EA7 bend ¥
g8 33 g 99 @ 9 99 QoM e nAs
A2 2#o)rx HHe 43 wiggo] JgFg o}
bend HHE #AstElE ddol oy, 2H o)A
Fhd Aol 2 WAL 1 A HolAf
E YuldL] &l bend WY Ao splay 98 &
st Qirh. ol#fd o) fFell A FF QellME AR B
Zhet walg BHWSHI 45°7h o] Fo] WAaje] 7
A s, £8 949 @ruie 29 QoM &
o ®@e 4F ExEe HPA=I AXsto gy
WEf FE& darkME& RAETdn B 5 ot o]
et §o A9 HLerM= AqY/AR FEER
Hol A AhH oz AuolMy 7w fHo ujgy
o ols) FY%E d ¢n Ky 3% Ku gl f43
W &#o] bend Y} splay2 WH Lo A9 Zrm
T At mEM Fof Ao H AA/HH A
Aol A7] wfo wygge] & 49 Dol
2HelA EH o3 37 wld o= 1Y 8
oA HeaFi= R Zof splay Beje] WEHE zt=
g 2 4 U3 99 QedMde dREAE] M8

N

i b s



3" 7. 2#elA FHeAN o AAe WY HLE
BoAFE Y
Fig. 7. Schematic drawing of the alignment of

the LC (Ae>0) near spacer.

ad 8. 2¥ojA FHdA g9 AF9 WY Y=g
HAFE RYE,

Fig. 8. Schematic drawing of the alignment of
the LC (Ae<0) near spacer.

o 4 Feo] s £ WEdL s gl Yo
Hog e 4F BAEo]l dA/4Y 45 ¥y
of o3 A#elx BHH G 37 wWAYEL o]

907

A7 Az A 8888, Vol. 15, No. 10, October 2002.

713 #EuldE 82 glo] bend ¥EY L sm Yo}
oj} Z2 olfE Lo AYL HEgE Ao FS 7
W g gl EFo FL darkHo] HAAD ®
 ANHoZ Yol 4 @A o 4HFg
48 do] Fo AHE HEF 4 B 2 olf=
(¥ 1 % 39 2 #x) @43+ Ee §o] 2 7
+ AHE Alolol] B FITEAHo FLPoT 2
HolH etk 22 ojgd2 ¢l& 2o g AHS9
HEol ¥¥E dodE A%, EA%EY o ¥B
I e ARE f7%gE Ao,

" 7 R 3% 8L olg Ze XEAA L BAA
HE Ed2 Fo 44 % 2o AF oo 25
o[Al o] AAo] WAL EdYL g Ao}
4718 o] £XE s EUE dLa golay
of A Ful gy AL 2% & 4 Uk
1) AAe] BYXF S5 vl-&(Kw/Ki)ol
2ol FH Hgol wjdel AWHA FPL
Fii=
(2) &4+ HEEKeKi)g 2Hsd Amo]A
FE 94 Aoyt s Aoy wldh
(3) &9 FH& oW S 7R E AAH] &9
€ oA E A AR ud AwolN F
Aol Aol wWetdiuigol #sittE Ae ¢
o},

@) @445 ol =& AHol Amolx Fulej
Al el 2% 2r)wMid ez EFd £o]5H
met] YAYAE ZES ¢ + ok

(6) W0° AAY WRAEY 823 Y= B9
o] bend FehE FRA Btk He g A@AA
dark o] HAS 1, splay 3L A9 wigo]
AE FE 71EoR PASA H22 7l @ dark
Mol A7 A g}

6) ¥ FAHE ol AT A HYw
3G 90 AZEE olFE WHdME bend BH L,
ALY FYo A5 E splay 9L S35
2 g}

(M 59 FAE oA E 7IAE AL g
% Pgg o] oA bend YL, B} F

Kl
X
1)

Q
+r
il
2=
e

A dd¥gel AYFE splaydHiE F o A3
2 gt
4. 4d B

B ATE B3 &dolN FEe AR 9y



1. of KIEEME(in Korean), Vol. 15, No. 10, October 2002,

A 5 aAE ATFHAT AHolH Fe 4
A wide 24 2, Agudeo] 44 84 A4
F @445 uE KwKpol Z3HA &t
AL gttt 83FY FLFol He YoM o
el wide] splay ¥l 77EFE st=od
dark o], bend Bl 717M&FE HE dark Ao
4719, @439 g KwKn #ol 4% 9%
go] & FHolA bend MY E, WIHEI FE& o
Aol M splay HEE FAdteE ddo U ®
& ST v& Kw/Ku @ ddidez g
& gide WS RAFUTD F, @44 ¥
& Kw/Kn el w& 2mols F¥lel ofFy wjd
e/t F FH7F bedos AL EA4FAG ¥
e dREe A F FAE oAl FA A
+7F £ B¢RY Kaw/Ku #ol A FA 2Bl A
T A Es £, 32 AAME |
7 FHRFAA FL darkdol EAETG FF 2
#HolX HHAAM fHo] o] opd FHFA WL
ol Hl& Bl A% F& ez F o EMEorg
A o},

dAate 2

g EEe 20014E ARUSme Y AT
o 79 =EYU

#n 78

[11S. H. lee, S. L. Lee, and H. Y. Kim,
“Electro-optic characteristics and switching
principle of a nematic liquid crystal cell
controlled by fringe-field switching”, Appl.
Phys. Lett., Vol. 73, No. 20, p. 2881, 1998.

2] Aa%, A&, ol53, ‘Tz Pz 93
TEEE solHI=Y vty 4 xaFg
olo] AriFE BEA, A7|HAAREE=EA,
1548, 6%, p. 524, 2002.

3] #a&, AL, =4F, A, oj¢3, “FA
€ olwAol &1l dAE o|&F olF =W
FFS Bz9 A738 §4", A71dR%A5 3
=&, 154, 8%, p. 720, 2002.

[4]1 M. Oh-e and K. Kondo, "Electro-optical cha-
racteristics and switching behavior of the
in-plane switching mode”, Appl. Phys. Lett,,
Vol. 67, No. 26, p. 3895, 1995.

(5] A&, M, FAE, “IPSHd HAR{F&
4 ZH DCEA 947", ANAAAzYH =8
A, 154, 23, p. 168, 2002.

[6] M. Hasegawa and H.Yamanaka, “Leakage of
light from spacer balls in nematic LCDs”,
IDW ’98, p. 45, 1998.

[71 Y. Utsumi, Y. Tomioka, and K. Kondo, "A-
chieving high contrast ratio .in IPS
TFT-LCDs by domain formation control
around spacers”, SID '00, p. 854, 2000.

[8] Y. Utsumi, $. Komura, Y. Iwakabe, S. Mat-
suyama, and K. Kondo, "Dependence of
light-leakage caused by domain formation
around spacers on liquid crystal mixture in
normally black mode LCDs”, IDW 99, p. 289,
1999,



