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Study on Dark-State Light Leakage

Induced by Director Fluctuation

in VA and IPS Liquid Crystal Cells

student : Ting-Yi Wu Advisor : Prof. Shu-Hsia Chen
Dr. Kei-Hsiung Yang

Department of Photonics
and Institute of Electro-Optical Engineering
National Chiao Tung University

Abstract

The contrast ratio of a LCD is one of the most important parameters in
evaluating the front-of-screen qualities of a display. The contrast ratio is
defined as the ratio of the amplitude of the bright state to that of the dark state.
Generally speaking, the main point is that the amplitude of the dark state is not
dark enough so that the contrast ratio is not good enough. The purpose of this
thesis 1s the study on dark-state light leakage induced by director fluctuation in
VA and IPS liquid crystal cells"*. We have measured intrinsic light leakage
of VA and IPS LC cells between “ideal” crossed polarizers as a function of
temperature. The measured intrinsic light leakage of VA LC cell were
independent of temperature up to the nematic-to-isotropic transition
temperature in comparison to a increasing light leakage as temperature
increases in IPS LC cells arranged in either o-mode or e-mode configuration.
We have derived equations based on light scattering caused by fluctuations of
nematic LC director to explain our experimental results. Besides, we have
demonstrated a method™ to measure the pretilt angle of a transmissive



non-twisted nematic liquid crystal cell, which can be used in all range by
measuring the phase retardation of the LC cell using a simple optical system.
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X:iz[( bz)smacosasm(0+\/c —a’D?sin® @) (3-10)

C
1
Jb L(3-11)

#(3-97NE(3-10)~ ~(3-6)54 » 7
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=
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3. 2.4+ % 5 (analyzer)

Wlth the same quahty w1th the same quahty

TN

BI(3-17) (a) Bl 2P ta 2K B -
(b) Bl AP ta, cZE K BB o

AP de analyzer eh7F i 4 ; - ;};é_:‘ ‘

(D% » 5% & > » - analyzer ¢35 F 6T (7 p5, analyzer 7 & 54
 tay o (B[ 3-1Ta]eFiw) 2 |

(2)% » 4% 6181+ & franalyzer 273 & phd 3 ¥, analyzer 5% 5 5

H 5 tay o (F[3-1Tb]ehhim)

a4l &Y 5 APERTEERITN G RBIR, T Bk e 40 B3
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kBT E xS wihdkd TEAREG - LRERASAZ YR o £TH
(3-17) » = & %58 polarizer 2 (s ehdisdk [ A xdht o £ 5 [ Y

FIRE N P
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Bl(3-17a) ™

i analyzer {8 ek g [, 7 L & 7 &
IAVZIpXXtA//-l'IpthAJ_ ...................................................... (3'19)
1o T >> Tpy B tay >>tay o #o Io~Ipex tay o FI2 tay ™ M 47 &
VR DY
tA// ~|_~|_ ................................................................... (3-20)
px p
B (3-1Tb)efim™ » [, 538 analyzer {5 ks [,»F M & 7 &
IAy = IpxxtAJ_+|pthA// ...................................................... (3'21)
EREUENRAN S Ipx: Ipy ~ tay i tag s BT, ~2X(Ipx aL)
'ﬂf; Ipx >> Ipy ’ qul'b tA_L—"’TI 1"l FARIE :‘7:-"
1 1, 1 1,
by = o X m (3-22)
2 01, 2 1,
AV e S 4T, K analyzer ¥ 7 g it
oo 7R A E T e-ray » &

S BB enip R 1L 2

btk E_e-ray; ¥4 o-ray » %
» H_oray( %+ 3.3.1 &) &1

ik
¥ #-analyzer 112x2 5

# Faprd 4
|:tA// 0

T XX T X) T XX 0 0
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, }.......f#yana]yzerﬂf/ F T P
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0
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3.2.b ¥ 5 (polarizer)

BFEART > RS polarizer(F E b X #h )2 {2k B
TEx P wihirg R LR - LRk E Ry TS 4]l &Y

AP ER T HRRITIN R RiGBIR, T hik> w 45 B> polarizer 17 i $h

Ipx Ipy i tA// tA_L ......................................................... (3'24)
HP o i polarizer 2 {8 endi bk [ A X dht s B 5 [0 y b} 0
AR e Ty
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3.2. 7% &

®(3-19) parallel polarizers % & 7 1§ -

() Bl sk o A3 e x> o (e-mode)

(b) B ez o %rﬁ' > (o-mode)
| o 1(3-192) % 17 “ﬂ? F"ffﬂﬂi%v'c o tipi AR T
o + TR - 52 0 %"ﬁ“ 14 polarlzer 17 E i v s x (&

FAEE) # (£E 33 Do I e B L7 27107 X7 27 LC 1
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o
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2o BI(3-19b)» F o b aEiE (TR 0 LB R A AR K
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4.2.1 e-mode 7 1%

F M3 T {3 polarizer 0% i

(D)Wl 5 7% do B dp & R 07w fF 3o 8 polarizer 17 i
fh e 2T R B e
(c)Bl %77 ¢ #_polarizer % i5#he? x fherid & o
(DBZ7 ¢ e RE xphend & o
$3 B(4-1a)2 B(4-1b) > Fir K dpre R wlf By T 7 (0 £

? )polarizer 1% Fdh= b o Bl SR DR 3w § for Sk iR
v g AR G ? 55 B(4-1c) > ¢ E_polarizer 7 i $hE x fhin
% & o polarizer P35 #r4pE ¥ 4 5 4 :
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(P] = (Coswf] —Sin[w]) (1 0)_( Cos[¥] Sln[w])

Sin[y] Cos[y1 /"\0 O -Sin[y] Cos[y]
T BI(4-1d) > ¢ » LR fadpe RE xphend & o f B D kS
T

L] _(Cosw] -Sin[zp]) (e"*”z 0 ) (Cosw] Sin[zp])
" oASiny] Cosyl /T\ 0 eMr2)7\-Sin[y] Cos[y]
...dp® =T {7 polarizer 7 & fhpF

- [QB[:IH"] —Sln[llf+ ]] 2 [QB[:IHZ] Sin[wg]

(Sin[y+ 7] Cos[y+7] ;'\ 0 e"2)7|-Sin[y+ 7] Cos[y+7]

.(4-2)

...3p# X &3 polarizer 7 i ghpt
H I‘=2)L;rx(ne No) xd o TH_ S k% B X ek f2 £ > ne X 2E5H ¥ k7
b % (extraordinary refractive | index). ° no & &F ¥ % 37 % F
(extraordinary refractive index)” > d-=jf & & 5 & > Ao 2 3 ¥ aud
E o

L E s AL g=0 4 ﬁk{l}%ﬂ(zl—la)—%i’ Bl (4-1b)erfFim - B :

10
Plwo=(go) (4-3)
It 10
[I—u]g/;:O-[P]zli=0=e 2 (O O)
............................................. (4-4)
Ir 10
[L.1y-0-[Ply-0=e 2
(0 O) ............................................. (4-5)
- ,Tk'ﬁ’—\;méu’% S0 dp e R e e od B T 7 (& - E )polarizer (1% %

fho B0 R AR Gt B > FIR D SR DRERT S w € o 5k i

43



it 3 o - R e AF TR K TR ATHTR R 0 § - N Sk

R S e § o SR NRART S e LB e g A g R

Z
y @ detector

1 =101

X Lxm Lxm Lxm

hot
stage

®1(4-2) crossed polarizers PFefl SeEH o S FFA F e X > %

(e-mode) °
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oe 00

Tee Teo T// Teo
[Tcel= T T TIT T e (4-6)
LC —e L

HPe TenTHe 07 »5(% - B Ded( %= B)RIRLBER L £
w > w2 A T E_e-mode 2 o-mode °© M Teo £ Too ¥ AR & 78 &b B ATE

F 5 F LY R S IR A e FI(4-2) ¢ % 1

EpEp ks | [ 88 x> o hiRds BB by > hiRdh £2
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| Y _Iyx +|yy 4
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A9 W™ 40" L7 22000 UK R RLC 419 e % fox o>
o m Ao R A VR REn(ZE ) Sy eh R Ty AT
analyzer 17 i b y = e

4 F(4-2)7 5 41 :

polarizer  f/v MIFA  — LT E N /‘/té/gfﬁﬁﬁ
— LA — analyzer — A EHH

o BrAE T AT 5

“} oty < [Tt {:}

Lxm py
........... 4-8
_ Ipx T// tAL + Ipy €0 AL 5 (t )2 ( )
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| cattored = [(t, )" > (1 o Toe Tay + 1oy Teo - Tar )]
_ |Lyxm _[(tg )2 % (1 N -T// t,, + |py .TJ_ 'tA//)] ..................... (4-9)
B (4-2) Bfe(4-9)3 A g [ sl ks (1) ]=[r Hg
15 405 (| gaered * ALY 5 intrinsic light leakage) J+[ % s &
ik (R AL ]

#-(3-20) 5% ~ (3-22) 3% ~ (3-28) 7 ~ (3-29) 7 = (3-30) 3% #* » (4-9)3* >

T E PR i D kit | s (Intrinsic light leakage) -

OSBRI EOAP TR e polarizer Eik £ e 2w

» e-mode 7F - » 3 IR RPEAL - it R R

S(T) = loateres /1o B ot BICE 2008t (4-10)
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W > w2 ek 2 ¥_e-mode 2 o-mode ° @ Teo 82 Too ¥ AR 5 R & K HTET

F 5 F R R S 2T A e FI(4-3) Y % 1)

"
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Lym - Lym [ I L L L LR LR E R R R R PP P PP PP PP PP (4' 1 2)

g AR T A Lo
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Lym py" |
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F-(4-13)7 1~ (4-12);8 7 7 -
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= — () XU Tue bt 1y Tt (4-14)
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e 30t (| gteres » 24 4% 5 intrinsic light leakage) J4[ & 54 &
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1.2
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METTLER FPS00Q RAepairs

110  Calibration

We distinguish two calibration possibilities in the FPS0 control unit:
= The factory calibration, called ME TTLER calibration in what follows
— The user calibsration.

The user calibration is described in section 1.14 of the operating instructions.
The METTLER calibration is performeed during the final check. Any number of recalibrations can be undertaken at
any time (see Loading the software, section D- 1.9 under _Clearing aill calibration data®).

1.10.2 Checking the FPS0 calibration

- Amtach calibration plug and resistance decade (4-wire) o FP20. Set 100.0 £ (decade at room lemperabare
approx. 22 *C).

~ Switch on FIPS0, tha instrument must have reached the operating temperature (approa. 30 min).
The field for the measuring cell and operating mode is shown in the top left of the display with FPBS-DTA".

Mote:  The TTL-PROM in the cell connector is a special version for primary calibration of the FPS0. It
miest not be used as a replacement in an FPBS. Likewise, an FPBS TTL-PROM can not be used
as a spare part in the calibration plug.

- Set FP90 temperature unit to °C,
- mmdmmmnmmmmwmmmmmm

the associated temperature display.
Resistor Setting Temperature display xxx.x Max. devigtion
1000 1x 100 02 0.0°C g.0’c 0.1°C 5 Hifl
1704 121000, 7100 184.2 ¢ (Fuwate | #0444 :ﬁi}’:}ﬂ
2400 2x1000, 4x100 3796 °C 79 7% | a2 |

Remarks: Rock the banana plugs gently to check i the contact resistances at the calibration plug and
resistance decade are small and without influsnce on the temperature display oo x (max, deviation,
see abova).

Service manual ME-T04758 01782 _ D17
ey

e
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