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Diversification of applications
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LCD-TV Shipment Growth by year
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| ntroduction

Advantages of TFT-LCD for HDTV and multimedia

application:
e High brightness
e High color saturation Exceed
. . CRT
e High resolution Excellent
Further improvement items: Acceptable
e Contrast _
: Vlev_vlng angle | %% {% %%%9% %% 2%
e Motion image qudlity % % 5 ®
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Wide View
Technologies
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Contents

| ntroduction

*E-O effect inan LCD

WV Family :TN+film, MVA, IPS...
eContrast point of view

«Color point of view

Summary
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(Contrast Ratio, CR)

(no gray level inversion)
(color shift)
(L uminance)
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14.1°

Panel Size: 19"
Obv. Dist.: 30cm
Obv. Ang.: ~60°

) ?
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(Contrast Ratio, CR)

I
<

Lum. of Bright State
CR

Lum. of Dark State
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CR

bright
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dark
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Contrast Perception

Low Contrast High Contrast

CONTRAST=Dbrightness of white / brightness of dark

High contrast makes color of image more saturated and sharp.
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(elasticity)

1 ‘;+‘
Eﬂ!“ME! Nov. 16,05, W.-Y. Li -.—1‘4



15

i LC with negative dielectric

anisotropy ( A€ <0 ) 3 Electric for ce between

1.Elastic for ce every where Efigd and LC
(between LC-LC)

2 Verticaly Aligned i

(anchoring for ce,
ExbeweenLC-P) 2L " "”

V=onL

LC with Ag < (), the director tend to be
perpendicular to the applied electric field,
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o0 Twisted Nemati(TN, ) TFT LCD

Normal view
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Fuji Photo + TN TFT LCD
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’ S S % Compensation film 1o CR
T 0 e 22
n : r= =i = .
A3 ‘353
EIREE e 2914
J SO N g _ 267 4
: TN cell, An>0 - - 2435
""" - U -- (on) dark state 180K Ju 3121922
[ === 1716
i b 1476
& 1 123.7
CoO-=f-r | 93.7
Vo a8
i G 51.5
i Compensation film i 27.9
41" An < 0 Tl e
' ELContrazt by ELCHR
Y R :

The structure of an on-state TN-LCD with
discotic negative birefringence films

L: 70°,R: 70°,U: 50°,D: 70°
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TN

ethe basic mechanism of CR/Lum/G.1. problemsof TN LCD
the solution of CR/Lum problems of TN LCD
the CR performance of WV compensated TNLCD

there is no practical (productivity) solution for G.1. of TN LCD
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A
d=2pd(nsny) /A

/ / / / /]

d :
O ~ Sin2(d/2)
05 - - - -
R = 650 nm
o 94 G=550nm
o B = 450 nm
£ 03
&
01
Voltage OFF Voltage ON max. T

Appliad Voltage (Volts)

Retar dation=0 when voltage off @ normal direction => High contrast ratio
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VALCD ~ --- Gray level inversion
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VA LCD --- —
=
° with bare cross polarizer
Q. . c two domain VA (3 V)
o
w
I O+O |
n 0 —a—r
o
n —A.—Qa vV
QI+U g J -,
O+ O"'O K ~ -lgo -390l 20 ¥ o
Viewing Angl e deg.)
v

\_\/f\ el X 2v50 60
| . N =
\, | mproved !!

L
S~
E'ﬂ!“ME! Nov. 16, '05, W.-Y. Li 3




CHI M€l

OPTOELECTRAONICS 26

Fujitsu Multi-Domain Vertical Alignment
(1998->1999)

LC domain alignment

‘N
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Realiza of Multi domai

=4 domains =
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VA LCD ()
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VA LCD
Compensate the |eakage light of dark state of VA LCD
Top View
Polarlizer
Discotic negative materi ol < G
LCD .

pand \ .

Discotic negative materid <>
Polarlizer ®

=
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IPS (In Plane Switching) Mode —
Voltage OFF
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IPS (In Plane Switching) Mode —
Voltage ON
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Super IPS(S-IPS) : 2-domains case

S-IPS
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MVV/IPS

the basic mechanism of CR/Lum/G.1. problems of VA cdll
the solution of CR/Lum/G.I. problems of VA /IPSLCDs
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L eakage light from cross-polarizer @ diff. view angle

*\What is polarizer?

*\Working mechanism of a sheet polarizer

*\Why |leakage light from polarizer @ oblique view.
*\Why leakage light strongly related to color shift

ldeato eliminate the |leakage light to improve color shift
properties of LCD
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Working Mechanism of Sheet Polarizer

ﬁ
Y
Absorption Axis
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1st Pol. 2nd Pol.
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1st Pol.

Phase compensator .OOOO
/7

__________________
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Structure of VA family displays

1 7t$ﬁ< VA Cell

VA #8+ B &4

=3 i't!f&< VA Cell > e, £ A 15 Bt

Fe A VA BT B 4%
S-MVA, VAExtreme |
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View Angle : Contrast and primary color shift

Iso-contrast countour
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Viewing Angle Trend
MVA SMVA VAextreme

HOor/ve Omni- f? 7
- >160 viewing | viewing | viewinc viewing | viewing
>160 >160 >160 >160 | >160
(CR>10) | (CR>20) | (CR>20) | (CR>30) | (CR>40)

Low color | Low color
shift tech. | shift tech.
applied | applied
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Contrast Contour Chart “
Omniview CONTRAST

- Omniview CONTRAST improves the contrast in large
N viewing direction and has top level in the world
- 1. Omni-CR >30
. 2. CR>100 in horizontal direction (green area)
| 2 3. No gray level inversion

VAextreme, CR>1000 in direct front view (white area)
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Contrast and Color difference at Off-Angle

TW IPS V Aextreme Conventional VA




Viewing Angle— Color stability .

Real case:
Leakage light emerge from
the “dark(green,blue)’ pixels

|dea case:
No leakage light emerge from

the “dark” pixels D
iff
. .6 et Coly
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Color Shift v.s. Viewing andle
Conventional MVA CMO'’s Super MVA

sy COLOR DISPERSIOM [1931 System)

= COLOR DISPERSION [1931 System)

010203040506 07 010203040506 07
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COLOR
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Omniview Color

4

Other VA

Direct front view

Image source: JIS XYZ/SCID




Omniview Colojgos Gold Panel Awards —

0 Best Technologies

VAEXTREME
Direct front view

Image source: JIS XYZ/SCID VAeX'[I‘eme




Omniview COLOR

Color Shift at Azimuth 45°

L —

Image source: JIS XYZ/SCID
Other VA VAextreme

—0Ot her “™AAxtreme—TW PS5
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Delta uv
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Viewing angle q (degree)
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Polarizer/MV A/IPS

sworking mechanism of a sheet polarizer

the reason why leakage light from polarizer @ oblique view
|deato eiminate the leakage light to improve color shift
properties of LCD

the solution of C.S. problem/solution of MVA LCD

sthe CR/C.S. performance of MVA/SMVA LCD
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Comparison of Current WV-Tech for Large Size TFT LCD

MVA | SMVA |VAextreme SIPS TN+Film
CR O O OO0 D~O D~O
Color Shift
(Primary Color) D D~O O D~O X
Color Shift
(Mixed Color) | * 2 | %P © OO0 %
Response Time O @) O O O
D(~O: with
Transmision D O O~0O0 extra process) 0]0)
Symetry of Lum. O O O O XX
Yield O O @) X ~D~0O(?) O

OO:excellent, O:good, D : acceptable, X: under acceptable
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Wide View Technology ...
Thank You for Your Attention !

CMO

WWW.CIMO.com.tw
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Fast Response
Technologies
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Outline

@ Introduction

& Slow Response of Liquid Crystal

@ Perceptual Phenomenon on aHold-Type Diplay
@ Reducethe Blur Edge Width

@ Summary
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A Typical Blurred Image

= il
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Root causes of the Blurred Image

There exists blur edges in motion images on conventional

LCD. The root causes are:

@ The dow response of liquid crystal

@ Theresdua image in retinawhile human eyes are tracing
the moving objects on hold-type display
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Root causes of the Blurred Image

There exists blur edges in motion images on conventional

LCD. The root causes are:
@ Thedow response of liquid crystal
@ Theresidua imagein retinawhile human eyes are tracing

the moving objects on hold-type display

S~
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Slow Response of Liquid Crystal

<«
- —)

< response time ~ 0 msec> < response time ~ 40 msec>
Position on screen Position on screen
> >
B ([T TTTTTTTTT] | [
AEEEEEE ([ [] | [
Lirame| | gm0 T
period ||\NNENENN [ [[[[] [T]
EEEEEEN ([ [] [1]
EEEEEEEEEEEN [ [ [T]
EEEEEEEEEEER [ [
. ENEEEEEEEEEN [ L HNEEEN
time
M EEEEN
Perceived image Percelved image
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Slow Response of Liquid Crystal

The train(moving object) is blurred because of the slow responseof liquid crystal.

A Faos:

1
:!I'__..l_i" WE

& [ e L
Ay '-“
il

Real world image Slow response LCD
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Solution of fast response Liquid Crystal

Molecular response time constant

g, xd *
K

toM

* Modifying material parameters :
 Rotational viscosity coefficient gl

» Elastic constants ki1, k22, k33
* Dielectric anisotropy De

* Reducing cellgap d
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Slow Response of Liquid Crystal
--- Solution ---

To improve the on-off response of liquid crystal:
@ Low viscosity liquid crystal

& Thinner cellgap

& ...

To improve the gray-to-gray switching:
& Over drive technology

A 16msec response time of gray-to-gray switching isthe
basic requirement for 60Hz frame rate video images.

=
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Responseof a LCD

Slow response LC

—

50 , \
y dﬂm
‘2 " n |
%‘/z

; 128
T 192 next prayecale

* TN modeLCDs

Fast response LC

respomse time {me)

: 18
192 192 next prayscale
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Gray level distribution of images

Number

i '
N U

1 51 101 151 201 251
Gray | evel

1 ';‘Ié:"
E CHI MEI Nov. 16,05, W.-Y. Li -.—1‘4

OPTOELECTRONICS




63

Response of Conventional LCD

* TN modeLCDs

Conventiona LC Fast response LC

Ton+Toff ~ 32msec Ton+Toff < 16msec

50 |
E 40 E |
o u
B 3
2 %
3 :

; I8
192 192 next grayscale

2B
192 192 next prayecale
8 current prayscale
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Slow Response of Liquid Crystal
--- Solution ---

To improve the on-off response of liquid crystal:
& Low viscosity liquid crystal
@& Thinner cellgap

To improve the gray-to-gray switching:
@ Over drive technology

A 16msec response time of gray-to-gray switching isthe
basic requirement for 60Hz frame rate video images.
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Over Drive Technology

1 frametime 1 frametime
<> <P

driving
voltage

Destinationlevel_§ 4 & & 4 A
optical

response
Initial level 4§ ¢+ v 4+ 4 Ay
. % .
Response time Response time -

time
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Performance of Over Drive Tech.

All grayscae

Fast response LC
switching <16ms

Ton+Toff ~ 16msec

Fast Tesponge LiL Fast regponse + overdrive

40

30

. 28
= lag 197 next grayscale
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The Fastest Response MVA

In The Wrold
10
ON IAver age = 3.6ms|
I
et G
W & & % : s
J O 2
&SN o 0
o
target
initial grayscale 191 25555191 grayscale

2004 | nternational FPD at Y okohama
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Slow response of LC operations

 what’ s response time, on-off and gray switching

 dow response of L.C operation impact to motion picture
quality

e the root cause of dow response

» the ways to solve slow response of LC switching
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Root causes of the Blurred Image

There exists blur edges in motion images on conventional

LCD. The root causes are:
& Thedow response of liquid crystal
@ Theresdual imagein retina while human eyes aretracing

the moving objects on hold-type display
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Hold Type and Impulse Type Display

*Frame rate : 60Hz

1/60 sec
<>
Ll k -
AMLCD CRT
(hold type) (impulse type)
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Hold Type Display

> position

Frame n+1 Test

Framen I I

Frame n+2




72

Hold Type and Impulse Type Display

yfk __f F & F §F § _§ §®B B B

Hold Type l]

|mpulse Type |]

[E] CHI ME)

OPTOELECTROMICS

Nov. 16,05, W.-Y. Li & @ E



73

Hold Type Display

Eye movement ..
» position
1 frame
period
v HNEEEEEEEEE
time Perceived image
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| mpulse Type Display

Eye movement

» position

1 frame | | NN
veriod | | MMEEEENEEES NN
EEEEEEENEEANEEEEE
EEEEEEEELNEE
EEEEEEEEEANEENEEE
EEEEEEEEEERNEEAYE

| HEREEEEEEEEEEEE
time Perceived image
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Normalized Blur Edge Width

(pixel/frame)
Blur edge width
A
Framen L \ /, Motion speed
Frame n+1

> X
«— -«

Blur edge width
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Black Insertion and Flash Backlight

|uuuu

Black pattern Insertion Flash Backlight
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Scan Backlight

Direct Backlight

Ex. CCFL array

0 /

~

L

1 frametime

Panel

ZaN
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Simulation

origina

=
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| mprovement by Pseudo | mpulse

hold type and slow response  pseudo impulse and fast response

=
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High Frame Rate / High Definition LCD

Resolution: 1920x1080
Frame rage: 120Hz
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& Slow response of LC and mismatching between display
and human visual perception are the main causes of blur
motion images on LCDs.

& Sow response of LC can be improved by fast response
liquid crystal and over drive technology

& The mismatching issue can be improved by pseudo-
Impulse technologies

& Continuous investment in research and development will
make the overall performance and image quality of LCD
TVsto surpassthat of CRT TVssoon
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Fast responsetechnology
Thank you
for your attention '




You Can See Our Products Everywhere!

CMO is the world's leading TFT-LCD panel company.

1.79"~47" LCD panels for TV, Monitor, Notebook, PDA, DSC and mobile use.

6F., No. 161, Sec.4, Nan-King E. Rd., Taipel 105, Taiwan TEL +886-2-2545-7290 FAX:+B86-2-2645-TA68 www.cmo.com. tw
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