Journal of the Korean Institute of Electrical and Electronic Material Engincers, Vol. 19, No. 3, p. 260, March 2006.

R 19310 |

i

=

o
i

k=X

o

Ol
OH

Mol AlE# oM

Simulation of Liquid Crystals Considering Flow Effect

1

o

Flot

(Hoon Kim

and

H}

=

o
TS

Apla

00-Sang Park'?)

Abstract

In this paper, We coupled fluid balance and director balance equation from Ericksen-Leslie's

continuum theory and observed the motion of Liquid Crystal molecular. We simulated flow velocity and

director distribution in which flow effect is considered in switching on and switching off state. We

interpreted the dynamic response characteristic caused by the flow. As the result of the simulation, We
could see the flow effect. In the case of Twisted Nematic(TN) cell, this flow caused abnormal twist
temporarily in switching off state. We could prove that this abnormal twist is a direct cause of optical
bounce phenomenon known well until now with the result of simulation. In addition, We analyzed the
mechanism of the fast response due to flow in the case of Optically Compensated Bend(OCB) cell.
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Quantity (unit) ™ Value OCB
K, (pN) 139 14
Ky (pN) 65 0
Ks;  (pN) 139 14
oy (mPa s) 65 5
ay (mPas) | -790 ~100
az (mPa s) 19 1
ay (mPa s) 832 80
a5 (mPa s) 463 66
ag (mPas) | -340 -35
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n, 15 15
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€. 3.1 412
Cell Gap (um) 52 5.2
Pretilt (degree) 2 5
Twist (degree) 90 130
2 (14)e n+l7he] PAFE 7EA = OE, 1y
A& n-17) EAsH7) "o, pixel A3} THFA
Sol Al #7189 F e Ang zzdow
A}g-&Fo] Thomas algorithm< AF&3te] A B o]
A skt
ol9} Zto] A2 HAAREE o]&3ty ¥ Ho &

A AlEgolA a7 H3l HWA, 4 4)~6)<
2 (D), 2)2el disiste], Ajgtell gk v &3 &
At e cell gapl Wal =, z=00]4
z=d7tz %A A FA4 AAZAEREEA
HEgst] HEFLZA, HAENST o, 0F T
ATk WA ¢, 6 2ol A YA s, = A
ZHE) vhcl A AlabEl o] o) B AFe) e Az
2R HA(AL)E 0.1psecE 330}
AE4E 22 95 FEI}S 3}
el A 2 sublayer® w3 ul5y o Kl
A, 24 Z2d dig {3 H THEEE o] &35 A
gEs M HoE ZFolst= Berremand 4 by 4

z

o o

N

A A3+

U

o S

o
) mlo

o

il



2.0x10° 4 ———Omsec - 10msec
15msec PEET
20msec  f-.l.L. DRI -
------- 3msec -----25mse¢ | % b
g
E
=
O
o -
©
>
=
2.5%10° S T
0.00 0.25 0.50 0.75 1.00
position (z/d)
2.5¢10°
— Omsec ---—--- 10msec
15msec
20msec
»»»»»»» e 25MSEC
Q)
E
=
[#)
o
T
2
>
> .
T ; 7
0.00 0.25 0.50 0.75 1.00
position (z/d)
38 1. Switching off AEjollA A7t w&
[
U,y va_‘j’:.
Fig. 1. Calculated transient velocity distribution

in switching off state.

matrix H[10]S AR AT, A EHolHo e
g 7} gEv g ge F 13 2ol

8 #elA OCB cell9 twist Zte celld) &
ZIEoR opd% 9%E Z7t

o e 2T MASAG oY melyge ax
o Y, F A= n 2ANE Behe Ao
Al B4 GRS g & £ )

3. AlEalold Hu o a4

3.1 TN celle] 23 &

3L
e g 7 Ak $% £ 2 Pl )
$ Hom, 55ENE neiex s}
AY AE BAHE i 2@

10mseco] ¥ saturation¥ ¥ o}, saturation ©]& <l

263

AZ1AA AN Z 8B =R, A998 A3E, 2006 3

ey

e

~ S normal twist direclion: ¥
-~ s flow direction V_and V.,
, f x y
,

.\\
cause abnonmal tvist
by flow effoct

<
flow direction ¥, and v, R

normal twist direction &y,
- i ¥
o e e

by e &

23 2. Switching off °|F 1 msec “14 2] v, v,
ol ol upe BA4/EY mA%
Schematic figure of flow and twist
directton at 1 msec after switching off.

Fig. 2.

twist angle (degree)

T T T
0.0 0.2 0.4 0.6 0.8 1.0

position (z/d)
off

Fefellx Alzbell o)

i

Switching
twist # 3.
Fig. 3. Calculated transient twist distribution in

switching off state.

718 A 18], switching off A€l
o] sttt 19 12 switching off A&l
o] wet celllo) ZF AAM e 5EEE
Ebdich Off ezl EHxlelxt Ao &7k £
pm/s& Z7VSHTErL Ajzke] Aidel =2
A7 4= 4398 By

olg} 2 BE EEZE switching off A e]ol]A
A dld £33 7M1 FQ 33 F4 dvt 29
29| X switching off ©]% 1 msec 9|49 &22o
2 A% AT AR E Jedo 1y 29

nfo

A 7



J. of KIEEME(in Korean), Vol. 19, No. 3, March 2006.

— T

without flow
with flow

Twist angle (degree)

Time (msec)

a2 4. 130MA sublayerol A9} Alztol @E twist
2.
Fig. 4. Calculated transient twist angle at 130 "

sublayer.

2L ZAgo o8 Fe F43 FUATL FA&
&= 0 ~ dmsec AITHY) twist 2} 1% 3¢
7o) abnormal twist® oF/jste AIE e

2% 39l A abnormal twist #4e] 71 A A Y
b= fAE ol Aol mhE twist Z W3S
NEH ol $oEM abnormal twist B4< M
B3s] 3 F Yot 2 $AE 2/d=0.65 P
24, 2007 9) sublayer2 vro]l AlEH A AL
o] 130914 sublayer °lth.

2% 4% 13094 sublayeroj Ao Akl u}
twist Z+9] W E AMEeold & Aot &
’L’%ﬂﬁ A%, 2%A ks wel vustd s
A5 ?‘Pg] FAwgol dAHoZ gy
& 9
ol s} Zz‘% abnormal twist @& off AH 7} =

1t

=) =
TEIE

to & ap ru

mz_i

_u

Ak A K o2 BSOS Al w
2 354&& AUl & AF}elH, abnormal

twist o] optical bounce 42 ZFHA 4
o] & g&o] =% & F Urh

32 OCB celle 3t & a4

OCB cello]l A43}7] 91314 bend celld] &S
AAsn 29 59 2L AZAAL A

O 6ol & ¢ l%o] AFEAE r—28H
AollA B3 BT twistE WA ARl =
7122 #ak opeh Heklzh Folx 079} 1807 3t
g ZbA HEE nAgRe dA gl hsiA 0o

1 EAEA H

264

0.0006

0.0005 I
} —— with flow J

»»»»»» without flow j

0.0004
0.0003 ?

0.0002 -

transmittance

time {msec)

2% 5. Switching off el Al A 7be] n} & F3}
& By,
Fig. 5. Calculated transient transmittance distri-

bution in switching off state.

e
{ Bend Cell )
Z
X
a3 6. ANEHAEL 93 OCB cellol FREAA.
Fig. 6. Setting coordinate for simulation of OCB

cell.

ANEHolA A3 TN celldt up@7MA 2 switching
on FEHAMNE 55FE et & wWet AL A
ol7b @iy ZaE deEith %3 switching off
Ae7t HAntg 558 FA48 Frlskded, 1
EEEZ TN celle] Z-¢9 02 Feief 2AE B

=
=]
[e]

t}. 2% 7€ switching off AHEHel A1 ¢ Aztel] uwbg
2aEE BEEE g4 § Aztolh

1% 8& switching off °] % 3 msec A2 &
H

£ $EE ABACA @ Aoolnh AEA
A% EEPEE BT IEWH—IIHOE e



©
2
=3
@
Z
® Omsec ~ 20msec
o
c
©

0.00 0.25 0.50 0.78 .00

position (z/d)
a3 7. Switching off FAElAA Al Zro] W& FA4
vl <
Fig. 7. Calculated transient tilt distribution in
switching off state.
2.0x10°® — T ' S
0.0 4

—2.0x10'sl
)
E -4,0x107%
; —6.0x107°
8 -8.0x107°
°
> -1.0x107°
x
Z _f2x107

~1.4x107°

T T

—
0.50
position (z/d)

0.00

13 8. Switching off 1% 3 msec oA v, &I,

Fig. 8. Calculated transient velocity distribution
at 3 msec after switching off.

U 912 (2/d)gke] 0.259 0.75 Ho] A og
2 A7g Yyehigich ol 13 6olA HA(2/d)
ghol 0259 075 2ol Ao W) gxo):
A5 AwA ol HYz+g 4 Yt

29 9 cellE 3532 &, 7EE FHegE 1
RARE ofgRHBE 02 1} off FElo]F 3 msec
qxe 353 #AALY AYEE YA

OCB cell dlA ¢ 52L& off AHolT BRAS
o §e 1&E Aoz w2 gt yrUE
& AEdHA A 2 & 5 At

265

A7 AAANZ 8 E] =4, A198 A3z, 2006 349

X

3™ 9. Switching off ©]¥ 3 msec A v, #¥ %
TAAEY BAL.

Schematic tilt
distribution at 3 msec after switching off.

Fig. 9. figure of flow and

M9 5F AHRE &4
fluid balance 2}
director balance?] & aeske] AlEH oA
stttk Ajgdold 2%, TN cell, OCB cell =7
sw1tchmg on AHAAE 3EFHE uHER &
S e} 2 Aoy} wig- Ao, FFe] Hiol
“H'?‘ u) okt ok, ¥ switching off FEl7F A1
Ir Aoz 55L& F43] TUHsHA HAU o
Ao thet AT TN celld) A%, dANFHog
abnormal twist @4°] eI oM ojzle] #Fi
&8 AEYo opticla bounce A2l 2
HH fAde &+ AUk OCB cell®]
725 Bl 552 offde oA g
&7 g, weE $He vegdls

s AV E At
|l e dolel7t wefstal ¥e ¥
sto] AlEH oA FogrA, g2 7R &
el A AAI e Rl A

5 Ao,

2 AT ME o7
Ao AHA cleemry
5

1.9 /\] oﬂ

ox

< o,
=
S

it
[

oo 2
Lo ™

o
(‘ﬂ of. -I'IO {0 o l"4>L

Zy

g
off
o o
N oo yer F-BL' fo
s

i o S
b3

>
o %

N

o ox M

I

o_}

o o wo
™

ol
et

olN

ms\_:

),

%0,

ESZ

_q

o ATEE FRFANAA AQst AuA
2 98 AL BAR 5

-4
offt
HE
z°



J. of KIEEME(in Korean), Vol. 19, No. 3, March 2006.

it

F k3|

MO

[11 M. Schadt and W. Helfrich,

dependence optical

"Voltage

activity of a twisted
nematic liquid crystal”, Appl. Phys. Lett,
Vol. 18, No. 4, p. 127, 1971.

[2] D. W. Berreman, "Dynamics of liquid crystal
twist cells”, Appl. Phys. Lett., Vol. 25, No. 1,
p. 12, 1974.

[3] C. Z. van Doorn, "Dynamic behavior of
twisted nematic liquid crystal layer in
switched fields”, J. Appl. Phys., Vol. 46, No.
9, p. 3738, 1975,

[4] D. W. Berreman, "Liquid crystal twist cell
dynamics with backflow”, J. Appl. Phys,
Vol. 46, No. 9, p. 3746, 1975.

[5] J. Kelly, S. Jamal, and M. Cui, "Simulation of
the dynamics of twisted nematic devices
including flow”, J. Appl. Phys., Vol. 86, No.
8, p. 4091, 1999.

266

[6] Y. Yamaguchi, T. Miyashita, and T. Uchida,
"Wide viewing angle display mode for the
active-matrix LCD using bend-alignment
liquid crystal cell”, Proc. SID '93 Digest,
Seattle, USA, p. 277, 1993.

S. Onda, T. Miyashita, and T. Uchida,
"Dynamic  behavior of OCB-cell with fast
response for a color sequential liquid crystal
display”, Asia Display Proc. ‘98 IDRC, Seoul,
Korea, 1993.

[8] S. Dickmann, J. Eschler, O. Cossalter, and D.
A. Mlynski, "Simulation of LCDs including
elastic anisotropy and inhomogeneous field”,
Proc. SID '93 Digest, Seattle, USA, p. 635,
1993.

P. G. de Gennes, "The Physics of Liquid
Crystal”, Clarendon, Oxford, U. K., 1974.

D. W. Berreman, "Optics in stratified and

(7]

(9]

[10]
anisotropic media: 4x4 matrix formulation”, J.
Opt. Soc. Am., Vol. 62, No. 4, p. 502, 1972.



