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Study on Retardation Value of Fringe-Field Driven Homogeneously Aligned
Nematic Liquid Crystal Cell using Liquid Crystals with Positive Dielectric
Anisotropy
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Abstract

We have studied the optimal phase retardation value of a homogeneously aligned liquid crystal (LC)
driven by fringe-field when using the LC with positive dielectric anisotropy. In general, the
transmittance of a homogeneous aligned LC cell under crossed polarizer is maximum when a twist
angle of LC by in-plane rotation is 45° with polarizer and the cell retardation becomes A/2. However,
the device using the LC with positive dielectric anisotropy does not follow this since the degree of
rotation of the LC is dependent on electrode position and in addition the LCs tilt up along the
fringe-field. At the center of common and pixel electrode, the LC is most twisted around a middle
position of a cell whereas at the edge position of pixel electrode, the LC is most twisted near bottom
surface of a cell. Consequently, the optimal phase retardation of the device becomes much larger than
M2 and the transmittance can be described using the combination of the in-plane switching and

twisted nematic mode.
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Fig. 1. Cross-sectional view of the FFS cell

structure and transmittance.

3. Simulation Z2} %

Ia% 2& FFS RE=9 AT Fxot} gird=
Z(W)2 3 melil st2A=37F AZl(£)= 45 m
A B A= 7)o pretilt Zhe] 2° = =)
9 fringe field®] %3l o3l
th B Ao M = fringe fieldoll ¢

FRuFE HAA Ao YA F uf
g WS dotrnr) fis AEHeRE ¢
o} AlEdolA 2ALS AR AGNHS W3
2 AAAAY. FAE olH
Z(¥)E 0078 Pa's, ¥4
pN, Koi= 52 pN, K3 133 pN, A7
]

E 9

R A e
S =
R ox v

>
o o
fo
o rlo -y ox b

% %859 oHIL.
a9 38 FEAY A7k R B wgol
o o) HAANLE 042 mz St

p RREE BE SEAT she



3 2oy O ofe A2 A nE A4H
AFol ttav] wEelrh 9:]’5:1“:11 1 gAE FE
(@& % anchoring Y7 43S a4 L=
719 gde At *é«'} obglH oA 4
ol 714 wol twist Hodey AR viweR
27t A4He® twist Zho] @Astd
B40] low twisted TN 229 22 A%E €t}
HARZY sed 22 E2AFY e ¥
B 34 PSS REAY 4 27 BEY twist &
o} 7} =

o3 2. FFS mEo A¥ola B3 4 432 A
Z,

Schematic diagram of the top view of
cell structure in the FFS mode.

Fig. 2.

g 3 FHE ool el AME AR FFS
B FEAG ATl o Wk
e}l BE,

Fig. 3. LC director distribution at operating

voltage when using liquid crystals with
positive dielectric anisotropy.
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Fig. 5. Distribution of (a) twist and (b) tilt
angle of the LC molecule according to
the electrode position.
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Fig. 6. Calculated result of the maximum
transmittance as a function of cell
retardation value in the FFS mode using
the LC with positive dielectric anisotropy.

2lg dAske fitting 4 ¢
2t FFS R=AY %7

g e A7F A A EA
Age] WatHA Aol Ao A Aol
Wwated ol & dFe FE RELE (Angd
Wag ougch rEHog AFHe FaHEEFH
(Anegpre HA FH3 AFHE Atol9 twistsh tilt
ztel] wel 22X ed FFS RE9 AS HF9X
of wel A AFe] th2y] WEe 4 (o 9

sl x&d " & vk = felA AFF AAH

PS¢} TN %#&
FEAFE uW T
I EEREEER

i o

>

¥ o 2

o



o] REx AF st&d REANE IPS Z=9 A
=g A3 sHEAECdAE NW TN 229 AF
& moliy o|& wgos FFSY g 42
A

4 @z zd9 &

sin A(a/2V 1+ (2ddn 4 A) )

1+ (2ddn 4/ 3)

T/ To= Asin®(nddn 4 )+ C(1—

#a Aol ANM FEEZE (AngpE #
Ang/ An ratio® HEA7IH obg

o A@3)ez THEAL 974 B D &4
2 WA 2 % AR §e Ang/An ratioo) h

sin %(n/2V 1+ (2DdAn( ) * !

A
T/ T = Asin*( Brddn/A) + C(1 — L+ 2Dddn]2) ?

(3

o] A9 ol 17 69 AN ¢ E fittingd}
d1 W A, B, C, D& 44 01, 054, 07,
11622 elTh

A 2E e o%]—Ofl 919} fitting 4 o] 41§ Ao}
=28 zAbstdch 29 7 A

AE 38 mE I Zé AL an el e 43E

Tmax

0 T T L) v T
0.3 0.4 0.5 0.6 07 0.8

an o (um)

a3 7. 270 38 md A4S JAANA Wl
WE Ty ZAI G714, AH2 2 Q)
© 2 fitting A ol}

Fig. 7. Measured
(Tmax) dependent on cell retardation for

maximum transmittance

a cell gap of 3.8 /m. Here, the solid line
is a fitting result using eqgn. (3).

A7) AR A B8 E=EX), A17A 23E, 20049 39

F9lste] AR AR Wl }E ToaE F3F
Aztolth. aFAAM e whsh 2ol A (3)e®

fittingst A3} fitting FA% 2% delE 7t A
o] gx3tAct ol ¥ A#HE B g oA
o] %9l AL ALEF FFS mZrvt 444 9
8 & 5@89¢ 4 5+ Adh
2 IPS 2=(D), TN E=(E) 281 IPS

=9 7tEHNE 112 4T F5E®

ztzbe) oA Azt Watel WhE Ho F3E (Tmax)
o2 Asted yehd aejzeln #Hz

o =3¢ first maximum® HAFALHE H@
IPS mEE 0275 molx TN EE== 048 molth.
=Z ol X Fe 2 Alojo &
£AE owbdoel 2l AL A& FFS
el Fo ¥
JXl &= Dok E9 7tE

141
1.0 el
o8] /A
— os] [/
04]

021 7/

O-O T T .‘ '| T |‘~ '|
00 02 04 06 08 10 12

asn ()

3% 8. IPS, TN, IPS+TN 2=9} §j4xd3 st
of wtg Hd F&9 Atk

Fig. 8. Calculated
(Tmax) dependent on cell retardation for
the IPS, TN, and IPS+TN mode.

maximum transmittance

%*gv; “aeas
[e]



J. of KIEEME(in Korean), Vol. 17, No. 3, March 2004.

27 §gol anchoring Al FFE LA @
A9 sy EWS ALSD SRB AN
oqQEo) 717 ol twist Hol gow AR slw

low TN 2=9 HeE ot stast
o] 7hEd FEeME M7l +HA
FAQET EA St 771G 2
A BH9 twist Zol 7tF X ¥ IPS B

g Aol F REA twist Zo] b At o
g A4S alg e fH& oAl ¥ A

3H#] el

S AH8% FFS B=9 3xdAgt dsd &
53 548 ottt A A W] ul
2 F53g HdAe Fsgod ole IPSe TN
e Ao Ao FIHUT =3 A4 49
8 o242 Ao 4d dart dAESE 59
a4t

LAtel 2

2 ATE IMT-2000 X148 71 A2 A4 A
Aol oA AFHASH.

o

L 31|

M
e

{11 S. H. Lee, S. H Hong, ] M. Kim, H Y.
Kim, and J. Y. Lee, “An overview of product
issues in wide viewing TFT-LCDs”, Journal
of the SID, p. 155, 2001.

[2] N. Koma, Y. Baba, and K. Matsuoka,
“No-rub multi-domain TFT-LCD using
surrounding  electrode  method”, SID'9%5
Digest, p. 869, 1995.

[3] M. Oh-E and K. Kondo,
analysis of cell gap margin for uniform

“Quantitative

optical properties”, Jpn. J. Appl. Phys., Vol.
36, No. 11, p. 6798, 1997.

[4] T. Satake, T. Nishiocka, T. Saito, and T.
Kurata, “Electrooptical study of an in-plane
switching mode using a uniaxial medium
model”, Jpn. J. Appl. Phys., Vol. 40, No. 1,
p. 195, 2001.

(5] S. H. Lee, H Y. Kim, and S. L. Lee, “A
high quality AM-LCD using fringe-field

310

switching technology”, IDW*99, p. 191, 1999,

[6] S. H. Hong, I. C. Park, H. Y. Kim, and S.
H. Lee,
fringe-field switching mode depending on
rubbing direction”, Jpn. J. Appl. Phys., Vol
39, 1527, 2000.

[77 S. H. Lee, S. M. Lee, H. Y. Kim, J. M.
Kim, S. H. Hong, Y. H. Jeong, C. H. Park,
Y. J. Choi, J. Y. Lee, J. W. Koh, and H. S.
Park, “Ultra-FFS TFT-LCD with super
image quality and fast response time”,
SID’01 digest paper, p. 484, 2001.

[8] A&, 1AL, =4%F, A, o538, “F
Ag ojAdo]l &3 AAEL o] &F olF &
vl FFS Rzo] H7138 547, A7ldA
Augd =58, 164, 13, p. 720, 2002.

9] ¥, HAH, o] F%, FE&H. o537, “1n)]

o] HAggow FAHH €AY Fringe-Field

Switching Moded 7] 8 EA4°, #H7|H

AL A &8 8] = A, 169, 23, p. 131, 2003,

An%, A&, o]58, “Fringe-Field Switching

(FFS) REoA a4 FHE oo u}

2 T A B A7, AVIHAANR

g3l =87, 169, 3%, p. 224, 2003.

[11] A.  Lien, “Extended  Jones
representation for twisted nematic

“Electro-optic characteristic  of

[10]

matrix

liquid
crystal display at oblique incidence”, Appl.
Phys. Lett., Vol. 57, p. 2767, 1990.



