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LCD Key Components

17" LCM cost breakdown usp s$150 37" TV LCM usp $700
(2004 Q4) -
Others, 11.9% Glass, 9.1% @ 46@

Crystal, 3.8% CF 232%

PCB, 9.6% Polarizer 9.4%
Glass 6.5%
Driver 1C, 10.4% Driver IC 3%

Liquid Crystal 3%

Note: BLU Include Inverter

olarizer, 11.2% _ '| B

Back Light Unit,
19,7 %
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TFT LCD Structure

OFF ON OFF OFF ON OFF
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Polarizer —»

<+— Glass Substrate
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| |
Poly Imide — Pixel TFT
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Key Component Technologies for TFT LCD

TFT-LCD Spec. up

Color Response _ Contrast Wide
Saturation || Speed up |[" onger | | Bright- up Viewing
up / Angle

Color Filter Polarizer
Driver Liquid &
Crystal a7
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LCD Color Image

380 430 480 530 580 630 680 730 780

A (nm)
Color Filter 'Blue Light
Green Light

Back Light Module

||
I 'Red Light
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CERGB £ ¢ %%

=3l 54 (R) A=700.0 nm 1 L
A (G) A =546.1 nm 4.5907 pH
Bk (B)  A=435.8nm 0.0601 Jfif*
RIEE 1L JELSL 5.6508 [

r-g-b 1/ R
f = RI(R+G+B) { o
g = G/(R+G+B) E D
b= BIR+G+B) =1- (r+q) o >/
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» CIE : Commission Internationale de I'Eclairage

B EETEFES
> 1931 & |y F'JXYZ 1“5{&“ lﬁ]UE—'ﬁ 1 E )1 T
FREE [T Bt o T fIAAE L R R T

X=27689R+1.7517 G + 1.1302 B
Y = 1.0000 R + 4.5907 G + 0.0601 B
Z =0.0000 R + 0.0565 G + 5.5943 B  CIE Base Functions

> Y =L (nit) e [
> X=Y=2Z:SEIk
> (X, y) AR R = T

400 nm 760 nm
Violet Red
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"o X +15Y +3Z N -x+6y+1.5
> CIE 1976 L * u* v* & &1 55 © UCSe 1 2481 (U, v)
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% Newton : S} RLERHF STl - ~ RS ?
(1642-1727)
< Huygens : 3 jl— FELED o - 7 TR pH T 7

(1629-1695)

 Young : FEFHIAPUT WIS T o - E A
(1773-1829)
% Maxwell : A zL— ?E_‘I%L—ﬁtﬂz : c=3X10°m/s

(1831-1879)

< Hertz: 1:,144/7%;““‘” TR E o gyl 2

(1857-1894)

< Planck : &I Gt g W Y o -ammpmmmf - oLy fﬂ"é
(1858-1047) FI:” %Kﬁ]l i /5”5?%“/ ‘ :

% Einstein : ﬁlﬁTuFfi%mvh = . E=hf

(1879-1955) S
g\
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Competing Lighting Technologies
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Lighting and Spectrum -- CCFLs

CCFL: Cold Cathode UV (253.7 nm) %, ./ Visible Light
FIRTESEETEL T Mercury f Glass Tube
\___ K_ ol - ] ) . Glass Seal
Phosphors .& o .. EéleCtrO;.C.I.e
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225 CCFL ¢n%] %
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4. F&@%}[&b%& STRNEET R iﬁp— ﬁf%)

5. “FAlED (A5UKGE=6X103 tor 5§ 253.7 nm égf}ﬁwaa:fﬁﬁw
6. TFIExFRIEAIT] (Ne + Ar)
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8. FEIIBUHENE (U A )
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Relative luminance vs. Ambient temperature

130 I I I I

120 - The respective haninance by each tube
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CCFL AR

N3 55 L /2= »l;a I h Sk 2 B’ %
—F B BB BEER N mw? ="
Luminance characteristics ; by lamp diameter

(71 :Lamp inter diameter
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Lighting and Spectrum -- LEDs

Blue LED (465 nm) UV LED (382 nm)

+
- Flisplier + R,G,B Phosphor
2 r\ |
c
g
= j 2
‘0
c
g
c
| | | | | | | N —
400nm  500nm 600nm  700nm ]
T T T T T
/\ /\ /\ 400nm  500nm 600nm  700nm
’\

2 . R,G,B Multi-chip
(3 single package
= / * R,G,B Individual o
}\ package ( external i
e ) A light mixing) =1
400nm  500nm  600nm  700nm B\
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LED — Luminosity and Radiation Angle

B Directivity (NECW215)

v
1 110 500 X121 X
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0 / 70
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Radiation Angle
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Color Gamut on CIE Diagram

0.3

[NR-:

LED
NTSC

SMPTE-C
CCFL

0.7

o0&

0.5

0.4

0.3

770 Am

0.2

0.1

2005.11.30. Copy Rights Reserved © 2005



3R

TR A RS 5

2005.11.30. Copy Rights Reserved © 2005



A Play of Lights...

Optical concepts:

1. Linear: Making the most efficient use of light and guiding each ray of
light to the most proper position.

2. Nonlinear: Applying sub-micron scale pattern (under 1 zm) to recycle

light with phase differentiation.

&
O,

)

&) (erd) ) T

Light Source
Arrangement:

R

®
&

Array

Bending

Process: | Soldering
Assembly

Light
Manipulation:

Optical
components

Printing
Coating
Molding
Hot Emboss
Electroforming
MEMS
LIGA
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Backlight Configurations & Applications

Notebook Desktop Monitor TV
D Frm ] ] b
PaN PaN PAYAPAN A P A PAW AV A WA PAVAWAVAWAN AP A YA YA YA AW AP AN

@ @
<.|7//4' ] |Q<. .)\! @@ ._/
1-Lamp Edge-light 2 -Lamps Edge-light 4 -Lamps Side-light Direct-light
Notebook 14"/15" Monitor 15" Monitor 17"/19" TV 20"+
150~200 cd/m? 200~250 cd/m? 280~350 cd/m? 450~600 cd/m?
4.8 mm / 3809 View Angle > 160° View Angle > 160° View Angle > 160°
30,000 Hrs 50,000 Hrs. 50,000 Hrs 712% NTSC
50,000 Hrs

! ! !

500~800 cd/m?

200~250 cd/m? 350~450 cd/m?
2.2 mm [/ 230g > 72% NTSC 100% NTSC
50,000 Hrs 70,000 Hrs 100,000 Hrs
Cost Down Energy Saving

Energy Efficient
Green Design Green Design
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» Ray Approximation: fﬁéﬁ%ﬁh’i@'ﬁb P [F[Jﬁrji% 0
(L <<d)
SR ISR Y S R |
PSR

.‘ ‘ . N, .
N i
X { \‘ 4 n\\'\-x | | ‘ o
| R R i &
S 1 by PR IES TS b\
(A>FFHEE) (Diffusion) —
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A E. ¥ > KT AP R o
«,-‘:_H‘/\ 4
T > (Index of Refraction) :
:Ez 8 “Fles” VAR
— oo LA

Refracted //; Eff//%:@ V

> Snell's Law:
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Normal > __.Z:\ ’;E}Tj“_,.&"_f—t E’?{E}I EL"J .
‘ . N2
5 sinf .=—  (where n1> n2)
A « ni
6, 3 3
n | o= 6 >0 .. =~ 5f(Total Reflection)
ny h i A T
/;r, 5 0 <0 ¢ : 75} (Refraction)
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K effp % 1

—F Ao TS AR A

807 phase change

r——

i =

T g
Np— Rigid support
String analogy

ny, < e

No phase change

L] Free support

2005.11.30. Copy Rights Reserved © 2005

Incident
light




2R — T AL %

1807 phase  No phase
change change
.-'-‘-'

2005.11.30. Copy Rights Reserved © 2005



R
> ERE -
2 2

R £} %I}lﬁh} 47 o

» Mirror Equation:
1 1 1

> e Gk F L B T phe
%Fé%*ﬁ W%ﬂﬁf@ (=R S

2005.11.30. Copy Rights Reserved © 2005



Backlight Optics

« Applying the principles of reflection, refraction and total

Internal reflection to achieve homogenous lighting effects.

Double _ Reflection /
Reflection  Refraction Refraction

& B =
ML )

Prism Sheet

L s e :
B R R R R e e A b e i ITfTtuser ee

Light Guiding
Panel
SR Reflector‘ Shée?

Lamp ] |
Reflector Light Controlling Pattern ~=ui

. |
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¥ 47 % (Diffuser Sheet)

?ﬁﬁ(ﬁ@f ganic Filler
NMONONOWOILOVXe)
‘

\ ?ﬁ?@%‘-—_&;‘/ 2 ,’"‘J

S

= e A

Binder

@616 20KV  X1,088 18Mm HD3?
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Current Structure -- Efficiency Lost ...

Upper Upper

Prism ° Diffuser
Lower 37% 34%
Lower  prism 225%/22.5° 220%/25°

Diffuser 42%
48% 155% / 33°

Transmission Light )
100% / 40

Luminance Gain / View Angle
53%I

e

60%

Light Guiding Plate

Lamp 75%
100%

Lamp Reflector
Reflector ———— Sheet

2005.11.30. Copy Rights Reserved © 2005



Conventional Direct-Light BLU for TV

Optical Films

//— Front Frame

Side Frame i Side Frame

Electrical : M Lamp Ass'y
Grounding JI : j
Back Cover Inverter
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Arrangement of LEDs in Backlight

Light Guide
LED Reflector

(Side View)

A

W <z

LED (Top

Reflective Housmg View)

Edge-Lighting Direct-Lighting

Light Guide
m nght Guide

7 Z
. //

Reflector :
LED (Bottom View)

Bar

Folded-Back Edge-Lighting Angled Edge-Lighting

S
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LR R LA RA B HE

Q ( ) 1 4.18 J
Radiation Energy 107 erg
P (Im)
Luminous flux W dQuat (W=Js)
/ (w) (cd)
Luminous intensity /  adp/aw —ed =Amplep—
47112 ( 4717)
M S W/m?
Luminous exitance M  dp/adsS Lux = Im/m?
———————————————— E—-—S————————————————————————L_:' 1 =1 lux
lllumination ap/ads
L (S) nit (cd/m?)
Luminance (h L APP/aw(ds cosO) AHux=TFERi)—
all(dS cos©) (
(S TTr?)
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B ke ek B F P

3.2.1 ¢ & # % (Central Luminance)
WA AR Rk aEE o By tedm o B8 L

WE I EFRAMETEEAVELS 1 a0 AR - AR 8

AL R R A SRR 6913% -

B2 ARENEFEST eREET ELERE -
PH R EHP BRI  THHAEE T -

BE REPREEE A BEEABB = - S PR

FRIER  TREFHHE -

SPe 0 L - L ERIH B & %L E AR S SLEAE L (lens flare) &

i s (veiling glare) 6955 - B oL FReF i & b L3 RoAfy R E - T kR

) ERTEETEHHUTEERNS
_..ﬂ-\u Bhivean Flat Pared Desolay Hatedals g
TOMDA, a0l Devices Associatic
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| 35 B A EE E (Sampled Uniformity) |
We R S0 - 13 M 25

e A RA AR R EAHENRAL) BF
iR E AR e A eIk eE
By B A 2AaV(EMMA) & TELH
i 3% A F ¥ mde M 2 & (comelated color

temperature - CCT) 5354 & - o : 8 5 &35

BEBEFL 22880 -BH: & - —— SAEHEREL

BE HEATHNABIMNER IR IR -13
LuAHERAA—FME2 - H3 H4LAES- T aeF LA f  #ERYAEED
+3% -

A ERTOEEEST - SO - 13825 EL(GI=59134& 25) & H

AR, ) & (7)) -

gdf A EMNE AR L =59 % 3R EL AR REL Bt EA B
ML, - BHRETH oS0 EenEE { _al
_l\ ‘“I?ﬁ_ﬁﬁ‘nﬂiﬂﬂiﬂmﬁilma
- . . l - ‘[i'n ; -IJ -[" | ‘r:mm. '-::Et':-'.r- .ul'. lakic
Nonuniformuty =100% —==—== =100% 1 - == S R
’ 'L:lu.!\. '-\.\, L‘:Illz| m..

2005.11.30. Copy Rights Reserved © 2005



Dark
Stripes

Light Leakage
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1931

r)J :: 1960
\J - 1964 V3.5
Note PC

I
| /pSemi |
I - 2 I
| AWTEBETEINEATHEL S
DISPLAYS ,.;-—\ Taiwan Flat Panel Display Materials e ‘”‘L 1
| ToOMDA and Devices Association I
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Light-Guide Pattern & Efficiency Gain

Increase 30%
#® Luminance

LGP with

Printed Pattern Increase 50%

Luminance

VS. LGP with Embossed

Pattern by Injection Molding Micro-pattern for small

i size (Mobile Device)

VS. LGP with V-Grooves :> 2nd step:
by Injection Molding Scale up for Larger
size (NB/Monitor/TV)

s,
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B % — & o ErEiL | [ — -
v =BT m 7

LED

MEA—Technology

-
=l f.’f/
win [~

3EBOBME L —— = — =

Tl L : :‘:

Reflection Controls light with micro-optics

Refraction

4

Tim

MICTO Prism

\

at reflection element Microphotograph

B km T ji(DMRGN
)5 R Bm: ncklight
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Photo Mas Lithography

—»

Design
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Size
Measure

IIIII
ST 105400 10 1.00

Size Electro-

Reprocess

Copy Rights Reserved © 2005

Measure {elgnligle
Mother

Reprocess stamper




. T

Light Dispersion Mechanism
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Advantages of LED BL

High color gamut achievable with RGB;

Direct DC driving, no inverter;

Low driving voltage, thus low EMI;

Full range dimming or auto-dimming achievable;
Instant turn on light (< 50 ns);

Winter-proof applications possible;

Proof to mechanical vibrations and shocks;
Slim package possible;

Improved light entrance efficiency to light guide
achievable; E !\_-
Mercury free and Lead free.

VVV V V VYV VY

A\

2005.11.30. Copy Rights Reserved © 2005



YV VY

A\

YV V VYV V

2005.11.30.

Design Dilemmas of LED BL

Color mixing mechanism (RGB Chips)

Inconsistent variation of RGB chip intensity to
temperature (color mixing issue)

Inconsistent life decay rate of RGB chips (color
mixing issue)

LED driving and compensation technology
Brightness and Uniformity

Heat dissipation issues

cost
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Technical Dilemmas of LEDs

R G B LED spectrum

Lifetime: decay and chromaticity shift

Search for suitable RGB phosphors (single chip)
Bin stability: luminous intensity and chromaticity
Energy conversion efficiency (Im/W) not ideal
Power consumption and Heat dissipation

Uncontrolled chromaticity shift with temperature
(most critical with single-chip & phosphor type)

» Package design - increase luminance gain
» Cost IS
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Example: Brighter but Fewer Parts with
Complex Optical Components

BEF (90°) Prism Shee

BEF (0°) N (Face Dowpy
Diffuser ||- < Hazy

CCFL S ight Guide
Lamp JJJJJJ Prism
\ Reflector
i ° Using Diaart Exiting
Using BEF 10 Using C _
(3gl\/l) ) (Mitsubishi Rayon) Light
/ 60° /
LGP LGP |
CCFL CCFL -
Light Efficiency: BEF 60% DIAART 90% ...

S

Source: Mitsubishi Rayon
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Roll-to-Roll Production
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LCD Panel

=

Prism Sheet

Prism Sheet . .
Optical-Patterned Film
l[) 36 mm

Diffuser AN AN
| ™~

LCD Panel

Light Guide Light Guide

with Dot Patterns ™ Optical Window

~ Reflecior |,

Transparent Plastic Subsmate —

i
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NB Backlight Road Map — Weight & Thickness

Glass Thickness

250

200

150
@1

Huly
100

50

LGP
0.7> 0.63> 05> 03mm Thickness ex)2.4/0.8 > 2.1/0.6 mm - LGP for LED
ﬁ Material ~ PMMA > COP
034.2 Z =
mEE/g
| | No. of Sheets |
|| 4232221 | Year 2002
O\ 108.6 Total 420 g
— ] @ 14.1”
i iy
13.7 12.8 10.4 10.4
25 21 41
'_ | -Io:l | -Io:l | -IU:| | l_ | El | §|_| | ? | In_:u | zI:I Year 2004
S S @ @z % 2 2 5 5 ¢ Total 350 g
QD g = 3 g © © - ”
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PC Monitor Backlight Road Map

Single-Side Patterned LGP + 3 Films

1l

Single-Side Patterned LGP + 2 Films

1l

Double-Side Patterned LGP + 1 Film
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Linear Optics & Nonlinear Optics
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TV Backlight Road Map

Size under 26":

Option 1 : Edge Light Diffuser
A. L Type CCFL + High @ Prism BEF
Brightness LGP DBEF

B. LED + Micro-patterned LGP

Option 2 : Direct Light
A. U Lamp + Patterned DP + Heat Dissipative Components

B. LED Matrix + Patterned DP + Heat Dissipative Components

Size over 26":

-

Direct Light — DP material technology
+ Heat Dissipative Components R
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Tooling Technologies and
Scale of Optical Pattern

® Optical pattern defines functional characteristics of LGP/LDP
Scale of Pattern Texture

T e

Printing / Injection

: : (Machining Limit) Non-Linear
v
Linear Optics 50 & m Optics
(Metal Etching Limit)
. ~ (Vi€ut)
Micro Machining
Electroforming -
+ [ L .
Optical Key Technology in Optical Components T
Design (for Lighting, llluminators, Automobile Lamps ...) .
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Optical Components by Injection Molding

Injection Mold

Melted Resin

"~

\‘A\

\ .
Molding Cavity Melting Screw

Molded LGP
(2 Cavities)
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Optical-Graded Resin for LGP Molding

Properties PMMA PC | COC/COP

Specific weight 1.2 1.2 1.0
Water absorption rate % 0.3 0.2 0.01
Tr_ansm|_55|on rate @ 3t 9304 90% 920/,
(visible light spectrum) = mm

Index of refraction 1.49 1.59 1.53
Glass transition temp. | T,(°C) 90~105| 145 105
Yellow Index Better | Worse | Medium
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Mold Flow & Internal Stress

Zeonor .

High - - o Low
Melting | Melting
Flow Index Flow Index
Resin Resin

DDDDDD

Injection Flow Demo -
oW . | | | = PhOtO_NI‘h Z'éon

Scale (30 in)

1.224
I (..._.
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Mold Flow & Pattern Transfer Distortion

Zeonor Zeonor

High
Melting
Flow Index
Resin

Low
Melting
Flow Index
Resin

15kU X2,000  10um 000083

Photo: Nippon Zeon
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Extrusion Process
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Light Guiding & Light Diffusive Plates

Moisture repelling layer

Light-

_ 8.0 mm Core layer — Core layer
Guide

v Moisture repelling layer

Conventional LGP Composite LGP

Moisture repelling diffusive layer
COC diffusion layer

Light- Diffusive Core
Diffuser

Core layer

COC diffusion layer
Moisture repelling diffusive Iaye_r_ =

Conventional LDP Composite LDP 71 &

Certain compositions or structures are  —
patented or pending to be patented. —
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Tough Future — Ambitious Goal

LCD TV Roadmap Call Out....
In year 2005:

30"~40"
LCD TV Module
@ USD $16 ~ By year 2008....
$20 per inch of
diagonal size

per inch
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Technology Development Model

Conventional BL Devetfopment

[ /
Application — LCD Spec~ B/L Spec. —

Drawing+Component List== B/L assembler
— Component Maker Lack of overall

concept for
Optimization

Know-How

Base on
material
properties &
optical concept

il

Material

- -

Innovated Design
Meeting Product
Roadmap Requirements

{
[ -

-~ -

Optimization

———
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Thank you for your kind
attention !!




