Thermal Management
of Display Systems

’E?.,&‘F'Tr S u2 %"?‘

3 % 0
Prof. Dr.-Ing An-Bang Wang
|nstitute of Applied M echanics
National Taiwan University

TEL : 886-2-3366-5067
E-mail: abwang@spring.iam.ntu.edu.tw

Sk = 4 sk 5 kbS5 1w
Institute of Applied M echanics, (By An-Bang Wang) v '&’F‘:‘ e "L;: %\ ? ELY
National Taiwan University x 7 BT kA



Course Contents

Part I &#\I‘*’ SN 5

|

N

N

kPRI A pg 4 (9/20,27, 1.5 weeks)

# 1 % (9/27, 0.5 week)

= ~ #4558t (10/4, 0.3 week)
z - (10/4, 0.7 week)
Partllm’*;‘i’,% e e S DA
7 ~%5]-: TAREPFH TR KT EHAF A (10/11, 1 week)
R 15 « Ak B $CR B 2 81 3% 3+ (10/18,25, 2 weeks)
= ~HBZ b BE LI EKXI (11,8, 2 weeks)
ANsZpe: LE g?ﬁ%ﬁﬁm%ﬁ%ﬁﬂﬂﬁlw&@
L% 01T B3 3 A B8 (11/2229, 2 weeks)
L EFB RSB TAARZE T E R E R (126,13, 2 weeks)
- 310 R -3 ”‘éé-t ;W32 4 12 (12/20,27, 2 weeks)

Institute of Applied M echanics,
National Taiwan University

2 = 2 s %%
KTET a2 HER

(By An-Bang Wang)



CourseLecturers(l)

SR BT A AL A, B, £, B
3%z ;;&;‘@ang%?;(ﬁ
2 ? >

Ve
d
W W
E
1Y
=
% o0
35
e
\
@it
H\
N M
?i
n

A ze: {g;_;fi;}i ph ki

k2 BT % f h
I nstitute of Applied M echanics, (By An-Bang Wang) EL &F: s e é ? L
National Taiwan University * T A



LT RIS itz # S IR
| nstitute of Applied M echanics, (By An-Bang Wang) b '&F:‘ - "L;: 'é F 7z
National Taiwan University kTR AP A



Homework+ final report: 100%
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Contents

 Introduction to Display technology
 Introduction to LCD
« LED, OLED/PLED
e Micro display
e Large size Display
(LED, Projection, PDP, LCD)
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Trend of the world

(Optomechatronics)

A Prosperlty Electronics :
Metals Steam Electricity Air Craft Biotechnology
Textiles trains Motor Cars  Petrochemicals Information
Nanotechnology
60 yrs 50 yrs 50 yrs 50 ~ 60
yrs
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3C products
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Wireless communication
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|A-products

Net TVs

Worldgate / Worldgate
Sony, Philips / WebTV

E-mail terminals

Air Communication / Smart Phone
Nokia/ 9000Communicator
Motorola / MAPS

WEBSTATION

o g Gaming console devices

Sega / Dreamcast
Sony / PlayStation 2
Ninterdo / Dolphin

Smart handheld devices oA i
Compaq / Aero series j] fﬁff] ,ﬁ f
3Com,Palm / Palm VII oA 4 v <
Hewlett-Packard / Jornada

series Web terminal

Wyes, Hewlett-Packard,
Screen Phones NCD/Tektronix, Sun,
Boundless, Neoware

InfoGear / iPhone
Alcatel / WebTouch
Nortel / Power Touch
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Why Display?

. Why display?
- Man-machine-interface
- Display Isadevice used to exchange
Information between man and machine.
- The contents of information could be
numbers, text, and graphics.
* Reguirementsfor display are:
rightness, contrast, response speed,
memory, ... €etc.
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¢ “Seeingisbelieving.”
 Elements of a Image:

- Light source :
Sun-light, spot light, laser,
CCFL, LED, EL ...

- Objects
text, picture,

- Recording device

Eye, Camera,Video Cam.,
Cinematography, CCD, DV

(From =3 £)
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Unit of illumination

O Units of illumination (one of System International units, Sl) :

Unit Symbol  Quantity measured
1. Meter m Length
2. Kilogram kg Mass —_ 2
| If A=r2
3. Second S Time
Dimensioned 4. Ampere A Electric current then q = 1 Sr
5. Kelvin K Temperature
6. Mole mol Amount of substance A
7. Candela cd Luminous intensity
_ _ 8. Radian rad Plane angle .
Dimensionless _ _
9. Steradian Ssr Solid angle

1 Candela (cd #:¢): a power level of 1/683 . g

watt (1.46 x 103 W) per steradian at a i
frequency of 5.40 x 1014Hz. P
1 nit = cd/m?
1 Lumen (Im i) = 1 cd emitted inangleof 1 s
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|Csvs. Display Industry (1)

— Doubling the number of transistors on awafer every 18 months through
advancing process equipment to process smaller design rules.

— Design rules & process could be standardized or simulated
— Design house contribution
— Going smaller and smaller

« TFTLCDs

— Grow the substrate size every two years to double the number of panels per
substrate by growing process equipment.

— LCD processisstill an “art”
— Design house? It happened but not yet proven
— Going larger and larger

(From C.E Wang)
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| Csvs. Display Industry (11)

Global Revenue Comparison, 00'-05'
USS$ Billion

0 DRAM
B Foundry
[JTFT LCD

Uss Billion/
250

Taiwan Revenue Comparison, 00'-05'

40.0
30.0
20.0
10.0
0.0
2000
2001
2002
2003
2004e 2004e
Source: DisplaySearch April, 2004, CSFB, ING 2005e 2005e
Rev. (3B) 2000 2001 2002 2003 0Ode 05e Rev. ($B) 2000 2001 2002 2003 04e 05e
DRAM 29.2 114 15.1 18.2 22.8 22.0 TWN DRAM 4.8 22 33 4.2 57 5.9
Foundry 14.0 9.2 11.3 14.2 21.3 196 TWN Foundry 8.7 5.6 6.6 8.3 122 129
TFT LCD 16.8 14.6 223 321 47.7 54.9 TWN TET 24 31 6.4 10.3 18.7 227
s = % %2 oy
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CRT: Cathode Ray Tube |
FPD: Flat Panel Display Display

A

-~

Direct View

_A—

‘CRT FPD

Inner Magnetic |

—

Projection

Eleetran Gun & hield

PDP

Elgstron Beam

Shaderr Mlask
Pangl Glass

Frame Phosphor Screen L C D

Funnel Glass

Micro- FED

LED oLED/ display
PLED
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sharpening and CMP techniques

“Thin CRT”
Phosphorus screen

N High v
A .

—~ : Carbon nanotube FED

Ne—

focus gate
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PDP

® PDP: Plasma (i /% 4 1) Display Panel
OPDP2 4p 11" B
- IRE R I*”]”* F %*”(Ne-Xe/He-Xe) T RET A
4 UVsk ﬁE-Ejjgtig;jg N £ Fﬁf"~gtipléﬁ;;g

Transparent
Electrode

5 ———
Bus Electrode
- — MgO Protection Layer &= ] o
Front Plate { Rib B ] ‘E
L. ';:2 JJ—\N
Dielectric Back £ ool
Layer Flate dicloctric class
ol AT T T~ L __
Phosphor  Phasphor o An g0 120 140
Address
Red (Green) {Blue) -
( ) Electrode position (. m)
(From: ik A7) http://www.si gl o-kinema.com/pdp/sch.gif
s = % 2 oI
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PDP

‘wm o~ F o > ApHIE (34
BALE () T =+ ~160°) -
i ¥ (—1/4 of CRT) -
-V o =% - L

& Fo i 2 FL

# 63" available, max. 76"LG @ 2003/10 ~ SAMSUNG DIGITal

@ Disadvantages. ‘
Static burn-in problem, Power consumption, Cost,
EM & IR radiation,

Sk = 4 sk 5 kbS5 1w
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Total efficiency of PDP

E Input Power 5
Circuit & panel _ pes———— |
e — - i e

capacitance

losses C:: Discharge Z:D

Heat at cathode fall, _ e .Jﬂ..

Visible, IR Radiation v Radiati Total EffiEiEnﬂ}’
UV Absarption at Walls_ emeeeeeee= | -no,
— BU%l

& trapping mechanism m of PDP=0.08%

nternal Losses e | (50, 1.0~1.8 lin/W

of Phosphor RN
Geometrical loss S.-.'—--_:_L_;E_D“xj___

Maternal loss
< Display Light>

(From: [Fi-A 4[)
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Module
Cost

LCD TV (70% area, 30% electronics)

(40% area, 60% €lectronics)

size

. Capacity- | Capacity- Total Investment per
Generation Su{ﬁ:ﬁ:;:e Mother Glass | 42"panel | Investment | K panel/M
(K pcs/M) | (K panel/M) | (Billion NT) | (Billion NT)
LCD(GE) | 1500 x 1850 90 270 66.3 0.25
POP({G2) | 968 x 1746 25 75 13.6 0.18
POP(G3) | 1936 x 1746 20 120 18.0 0.15
42" i it & £ HPDP : TFT = PDP(G2)  73.85%
(From: i~k 4[) PDP(G3)  61.09%

Institute of Applied M echanics,
National Taiwan University
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TFT-LCD vs. FPD

2003 FPD Revenue by Technology - Japan

® MicroDisplay

2003 FPD Revenue by Technology - Taiwan

oppp. "~ OLED ® MicroDisplay

e, &0the
=pMLC e 0%
22% : 6205 &  EPMLC
L 4 *

L 4 *
L .
Ssggguns®

2003 FPD Revenue by Technology - Korea

. .
OOLED gﬂg:trr?Dlsplay
oppp, 0% 45
B pPMLCD 5% :‘ BTET .
11% N, 2% S
.....llll“‘
....’
«  BTFT K ,
. 81% o (From: DisplaySearch)
4, o
SHERT S B kP h Bz #E I
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Ic Characteristics of Display

e Low cost

e Lightweight

e Thin

« Wideview angle

* High contrast ratio and brightness

* Low power consumption and voltage

» Fast response time for wide temperature range
o Avallability of full color

e Robust

- - 5 5
kT BT k2 MER
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Polarization Light

Electromagn etic Wave

A

hMagnetic field
Electric field

Y]

Source: .Goto

for the updated and corrected version.

Transmitting Axis

Polarizer

Linear light.

(b) {c)

Right-circular light.

Institute of Applied M echanics,
National Taiwan University
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Perpendicular("'s) polarization

Upper L ower
|3 A
L\ ﬂ |
N\

Glass substrate

Glass substrate

Small Retardation

/
7 N ]
\

(Dark under crossed polarizers) L arge Retardation Side View F CK LEE
(Bright under crossed polarizers) ( rom |
kP BET kL2 AP 1w
Institute of Applied Mechanics, (By An-Bang Wang) R &Eﬂ. e ‘é ? z
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* Snell’'s Law: n;sin(06g)=n,sin(90-0;)

So, tan(0g) = n,/ny; If n,=1.5; then 65 ~53°
 The reflected light is linearly polarized;
 The transmitted light is partially polarized.

(Source: S.T. Wu)
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Light & Color

Radio (VLF, LF, MF, HF, VHF, UHF) MW IR VIS UV X-Ray Gamma-Ray

100km 10km 100m 10m 1m 10cm Imm 1pm 0.1pm 100A 10A 1A 0.1A
Wavelength

IR(15-0.75um) Vi (0.75-0.4pm) UV(0.4-0.01um)
J, ~h - % é‘-Lb 3 % :j
Institute of Applied M echanics, (By An-Bang Wang) * L '&Ej ”E " ;77 %IL ? L
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Color Generation

" Addition

Primary Colors
Red (R) Green (G) Blue (B)

All together: WHITE

Displays

Substraction

Primary Colors:

Magenta (M)
and (optionally) Black (K)
CMYK

All together: BLACK

Papers

(Source: S.T. Wu)

Institute of Applied M echanics,
National Taiwan University
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Color Generation

3-Channel Color Color Sequential

Drawback : Drawback :
- 3 pixels needed Frame rate: 180Hz

— ferock #3%
1 Frame (1/60 Sec)

_I-l 1 Frame H— R G B |(From %z #)
,%
;I

"T‘ /J "L‘Nél("?ﬁ

(By An-Bang Wang)
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Color Filters

S
o

W

N
o

A. Structure B. Transmission
100 —————oDu—r-or——-vr—-—-v—a—
BLACK ITO 2
MATRY . féVERCOAT % 60}
| B |GLASS %
(p)
2
<
o
-

0 : :
400 450 500 550 600 650 700

WAVELENGTH (nm)
e Light efficiency: 0.3x0.8~24%
e Resolution: 3 sub-pixels form a pixel
* Not preferred for projection displays (source st.wy

TR kS AR
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Types of Silicon

0000 : 00000000
moo8888 00000000
00000000: 00000000
:Q000D0000: 00000000
Amorphous Si Poly-Si Single Crystal Si
Parameters a-Si p-Si c-Si
1. Electron Mobility: 1 102 103
2. TFT OFF-current: 10-12 10-12 10-13
3. TFT ON-current (A). 10% 104 103
4. Dots pitch/inch: 300 1000 2000
5. Pixel Size (um): 80 25 10
6. Infrastructures: Good Fair Ex
7. Panel Size: L+M M+S S
a-Si: Large panel; p-Si: Medium; c-Si: Micro-display (From S.T.Wu)
Institute of Applied M echanics, (By An-Bang Wang) & ':HF’.‘ '&Fﬁ‘ ,:‘ﬁ Rz :él(‘ :é iz
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Information Contents (pixels)

-
o

<
S
%) |

-, =l -
QN Qw o-h.
AL A A

10

Display Applications by Size

S

2 34 68 14 2040 100 Inches diagonal
FiN A A A

%
37

QXVGA

UXVGA sxVGA

XGA
SVGAyGA

<VGA

UXGA:1600x1200
SXGA:1280x1024
XGA:1024x768
SV GA:800x640

1%

VGA:640x480

v v v v v v
2 3 4 5 6 7
1 10 10 10 10 10 10 10
Display area (cm’)
J, ~h - % Q_Lb % :j
I nstitute of Applied M echanics, (By An-Bang Wang) % T %ﬁ‘_ﬂ' pt SuZe ?%l(‘ ? ELLA
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Paradigm Shift of Display

3'd wave: Unification of Information & Communication,

Digital TVs, Wireless digital networks. ,
(Source: X %)

P ERT A EFY T 3 s — 4 5k o3 S 1w
Institute of Applied M echanics, (By An-Bang Wang) * L &;'_Tl‘ A % ? iz

. . . . sl R = % 44
National Taiwan University X7 BT A




X. TN Mode V-T Curve

Polarizer .

N
\/

Liquid Crystal

A@@@@

Transmittance

(©)]

pa
[

White (TFT Off)

e R

/ /N
Black (TFT On) " / K
1 L5 2 2.5 3 35 4

0 0.5 4.5

Voltage

NW NB

> [egnaepin | ) [s3 s o

P #FEePolarizer g 48 ¥ 5 j‘> Z 2B A Tk

(from 3T h)

J, ~h — ’;( %)J: 2 1,(‘ % :j
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TFT-LCD

a SI TFTS Comenon electrode

Display electrode

zate or row electrodes

Cormmmon electrods
Color fillter layer

-
s

:——-._, v, . » — o Color filter layer

- TFT substrate

il Polarizer
= Backlight

e

-

Color filter 7

330pm

oo

—_\_‘.—_\_

—

Flourescent lamp

T~ Diffuser

i — |

'\—\_

| Data or column
..-J slactrodas

"“a_

I / zale or row electrodes

POIarlzer ;mmﬂn substrate

Each pixel is independently driven by a TFT

(Source: X iF5%)

Sk = 4 sk 5 kbS5 1w
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Liquid Crystal (I)

Birefringence: An= ne — n,

MBBA
i Dielectric Anisotropy: AE= & — &
nu gﬁ nE 89
CH,; . .’C - (sl 4 symobiphens) é mDirecmr}
— C18°N36°1 — p-type (An >0) — n-type (An <0)
i+ £ 2 300~800 e o
) —==» D
(0.3~0.4g for 12.1"LCD) — B ‘!
n———> E
L) O i__@_ﬁ

Temperature 4 An M, Ae N, viscosity N, Kii (elastic
constant) N etc.

Viscosity influence the LC filling and response time

%7 BT 4 2 #E I8
I nstitute of Applied M echanics, (By An-Bang Wang) W '&’?3‘ r "L;: % ? ELLA
National Taiwan University X7 BT A




Liquid Crystal (I1)

?esponse time

Risetime: 1, ~yd/(egAe(V=VeY)) | dN, v W, Ae P,
Delay time: 14 ~ yd¥/(g,AeV 2) =(T, ,Tq W).

where

D: cell space

Y . VISCOSIty

V.. threshold voltage

Operating Voltage: V = (K/e,Ag)?; here
K=m’K,+¢(K33-2K,,) +41¢K,, d/p

| | Ae A =V
E..: elastic constant; p: pitch
Institute of Applied M echanics, (By An-Bang Wang) * ?‘ ;&.ﬁ‘}"[‘ ’:E %ii ‘élb ? L
National Taiwan University kTR AP A



HTPS vs. LTPS

HTPS: High Temperature Poly-Si
LTPS: Low Temperature Poly-Si

Process Poly-Si Gate Substrate | Cost
Temperature | Formation | Oxide
Formation
HTPS |>900°C Solid Phase | Thermal Quartz High
Crystallizat | Oxidation
ion
LTPS | <600°C Excimer Deposition | Glass L ow
L aser
Annealing

(From & #)

s = % .7 F5 1w
I nstitute of Applied M echanics, (By An-Bang Wang) W '&’?; r "L;: oé ? ELLA
National Taiwan University X7 BT A



Types of Display

Transmissive LCD Reflective LCD

WA

 Transmissive Indoor

- High Temperature Poly-Si TFT LCD
- Low Temperature Poly-Si TFT LCD

- Liquid Crystal on Silicon
» Reflective

- Liquid Crystal on Silicon

- Digital Micromirror Device Outdoor

e Emissive
- Organic LED

(From # it #)

A AEEYAFEL T
I nstitute of Applied M echanics, (By An-Bang Wang)
National Taiwan University




Super MVA
L/R/U/D: 60/60/40/60 (CR>10) L/R/U/D: 85/85/85/85 (CR>20)
All azimuth 80 (CR > 10)
No gray scale inversion
Low color shift

Gray scale inversion
High color shift

(MV A: multi-domain Vertically Aligned; | PS: in plane Switching) (From CM % ¢ %)

(By An-Bang Wang)



TFT LCD manufacturing

G7 2200mm

3G 550 mm x 600/650 mm
3.5G 610 mm x 720 mm e
- 1500mm
4G 680 mm x 880 mm
5G 1000/1120 mm x 1200/1250 mm
6G 1500 mm x 1800 mm
7G 1800 mm x 2000/2200 mm G6: 32" X 8 cuts
Ingtitute of Applied M echanics, (By An-Bang Wang) £ L AT & B2 # :é iz

National Taiwan University
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L CD manufacturing lines(l)

*— OEREAERSEEER

, 1100 1250 5 70 2003Q1
ﬁgﬁ?gé‘g‘“ 1100 1300 5 70 2004Q2
( ) 1500 1800 6 90 2005Q2
Chi Mei 1100 1300 ; 120 2003Q3
(BFEETF) 1300 1500 5 100 2005Q1
CPT(FPEERRE) 1500 1800 6 30 2005Q2
1200 1300 5 90 2004Q1

SLIEER 1500 1850 6 30 2006Q1
(MFFE) o ) e ‘i 88
Innolux Display(£l)) 1100 1300 5 35 2004Q4
. 1100 1300 5 60 200302
Quanta(B3E) 1500 1800 6 90 2005Q3

BEIEER : THRFIEK-ITISETH(2004/06)

http://www.st-pioneer.org.twz71 16193+ 08 F | 5

I nstitute of Applied M echanics, (By An-Bang Wang)

. . . . \2 <R = % %
National Taiwan University X7 BT A
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T ERFER LN R EER

45 P004Q]

Japan | Sharp 1500 1800 6
1500 1800 6 30 2005Q4
2100 2400 7.5 30 2006
Korea | LG. Philips LCD 1000 1200 5 60 2002
1100 1250 5 60 2003Q2
1500 1850 6 90 200404
2120 2320 7.5 = 528 dlas
Samsung 1100 1250 5 100 2003Q2
1100 1300 5 100 2003Q4
1870 2200 7 100 200502
S-LCD 1870 2200 7 0 e | P
China | BOE-Hydis 1100 1300 5 60 2005Q1
SVA-NEC 1100 1300 5 45 2004Q4
BPEE : THETIEK-ITISS#(2004/06)
http://www.st-pioneer.org.tws111693 = 08 F | 5k
Institute of Applied M echanics, (By An-Bang Wang) w BT 6 S B ?

National Taiwan University kTR AP A



Cell Manufacturing Process
of TFT-LCD

rufirn s

, INITIAL \ AEIGNMEN'\ /" RUBBING \
CLEANING PRINTING Rubbing the alignmen

. . .Printing alignment layer
Removing particle on the glass layer with rubbing roller. SPACER

from the glass
SCATTERING
Spray the spacer

‘ — B

TR

o nr 1

FINAL LIQUID CRYSTAL SCRIBE &
GAP FORMING
INSPECTION INJECTION BREAKING Put TFT glass & C/F
Inspecting the TFT panel while  Seal the panel with sealant  cutting the combined glass la gto ether
(From % £ %) regular display signal is applied after inject L/C into the panel into screen units Jass ol

I nstitute of Applied M echanics, (By An-Bang Wang) e )
National Taiwan University kTR A SLH



6 anufacturing structureof TFT-LCD

Wit -
HEEE BB i Al
PREE  SIE R 8l B TR R
MEATRE WS M- B85 ARSI BE-ET mgaw
|- FiE BE FE-BE LA hIEKEE =4 bk

o EtlE sriElr HREERE (FERER SEHERE —+EREFE  FHEREE
B A AR ITOEH | | RBEXR| | REE i e BACEE| | fREh IC

PDP OLED TN LCD STN LCD TFT LCD i
o - ¥R FRFF - R BEEE - ok FERR - B - Ao - oolE EERE - ITEE- FE
HiE BT 1 A EE-EH 2 EE-BEF-EE- HET - RN - E

miE L - oEETESF T

A, - ADE - FIGEY - BEET
{HARREE | SR - R - TR LS

F O T 5
1 . h
B2 i BE o H B EEdh HERE &b BE Edh = Edh

gl TEEN E =l i TGS T 3

WD Pryes ik LT hofevie AN i

i 5T B DFOLIEE T THAE
FLi THEH B

% B S BT
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National Taiwan University X7 BT A



kaor Hops & TV =+
| C TV (20 ~ 60”)

F1 < @ < PDP(30~60)
® XA CNT-FED
N 558 <
BRFRA
.| pLP(D™MD)
B,
(40 ~60”)

(LED Display)

Sk = 4 sk 5 kbS5 1w
Institute of Applied Mechanics, (By An-Bang Wang) v gj 2 “L;? # F L
National Taiwan University X7 BT A



Digital TV

R AR 45 RpL M ELK
Ak pE R
Ny DSS/ASTC 1998 2006
X DVB-S/C/T 1998 2010
P A DMB-T 1996 2010
* W+ [ISDB-T 2001 2015
o A DVB-T 2002 2006
Institute of Applied M echanics, (By An-Bang Wang) % ':“F: ,&FT‘F /:‘4‘ R ‘éﬁ‘ % ELLA

. . . . sl R = % 4& &
National Taiwan University LT BT LA



TV market

2002 2003 2004 2005 2006 2007 CAGR
BT 160,242.64 164,000.87 174,091.75 183,964.39 196,659.23 206,916.85 5.25%
250000.0 /l
200000.0 Q1D TV
s 100000.0 B/ Projection TV
S0000.0 O CRT TV
0.0
2002 2003 2004 2005 2006 2007
CRTTV PDP TV LCDTV ijecti:-n TV
2002-2007 ’FF CAGR 1.72% 8042 Q0 324 4.64%
- UTVASARMTA A - AT
}:::m T AMBATV 5
A FRTV T 5
— — — — ]
( From [ % ) WA AR iSuppl i, T EFRLEE P IR C2003/07)
k3 = % %2 oy 1w
I nstitute of Applied M echanics, (By An-Bang Wang) % w '&’?ﬂ‘ PRI % ? ELLe
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National Taiwan University X7 BT A



. Typical sizes of microdisplays are in the range 0.5-
1.3 inch diagonal.

* High Electron Mobility

* High Aperture Ratio > 90%
* Very Fine Pixel Pitch

* Very High Resolution

* Low Power

* High Potential in Cost Down

Source: http://www.€lis.rug.ac.be/EL I Sgroups/tfcg/microdis/index.html

%7 BT 4 2 #E I8
I nstitute of Applied M echanics, (By An-Bang Wang) W '&E:‘ r "L;: % ? ELLA
National Taiwan University X7 BT A



The structure of LCOS

Cover Glass

T
Alignment Layer

LT material

Spacers
CMOS Substrate

ITO Counter Electrode

— = = = ——— LC layer

. ———— Al Electrode

Light Shield
Pixel Switch

Storage Capacitor

s = % %7 55 10
I nstitute of Applied M echanics, (By An-Bang Wang) W g:‘ r "L;V i ELLA
National Taiwan University X7 BT A



Samsung 82" S-PVA mode

1920* 1080
1200:1 contrast, 92% NTSC
600 cd/m? brightness

AU Optronics 46”

1920* 1080

800:1 contrast, 75% NTSC
600 cd/m2 brightness,

170°, 1Q'04 MP

I nstitute of Applied M echanics, (By An-Bang Wang)
National Taiwan University




LCD TV, Monitor, Notebook Trend

ST S TV M onitor N otebook
Resolution |WXGA —s HDTV | SXGA > UXGA SXGA+ 5 UXGA
Size 15" ~ 45" 15" ~ 20" 14.1 ~ 15.x

Color gamut| 72% NTSC—s (65% NTSC) (65% NTSC)
80%
EBU-CF
Response 16.7 ms 23 ms (on-off) 23 ms (on-off)
(Gray-level) N N
N 16.7 ms 16.7 ms
8 ms (Gray-level) (Gray-level) (Gray-level)
Brightness >450nits 250~350 nits 250nits
B TN (High Aperture Ratio Pixel)
Weight X X Lighter and lighter
Application M onitor/TV Multimedia/DV D

EBU-CF (European Broadcasting Union Color Filter) - Toppan

%7 BT 4 2 # I
I nstitute of Applied M echanics, (By An-Bang Wang) W '&E:‘ r "L;: oé ? ELLA
National Taiwan University kT BT AP A



Micro Display

Mobile Computing

I nstitute of Applied M echanics, (By An-Bang Wang) A
National Taiwan University X7 BT A



LDUDICT 17 Y
'1@6)
2
N &

r

g

4\4
9
A - =\ =
e . d - B
€} 1% 3
@ 14 Wi S
v £l
TS

o
N

2
ad
!

i olographic See-through Browser

(Forif)

&l 3 [y
-

(Minolta, WPC EXPO 2003/9)
o] fEmis : 226 (rnm)

Institute of Applied M echanics,
National Taiwan University

(By An-Bang Wang)



Data projector

 Thesizelimit of the CRT-TV ~ 40", (> 100kg)

* Projection typeissuitable for the large size display, e.g., 40"~60"
(or more)

« Advantages of the data projector (in comparison with the RGB-
CRT projector):
- small size, light
- high lumination (ANSI > 800L umens)
- high resolution (800x 600SVGA, 1024 x 768XGA) VGA:640x480

- lower price SVGA:800x640

- user-friendl Yy XGA:1024x768
SXGA:1280x1024
UXGA:1600x1200

%7 BT 4 2 # I
I nstitute of Applied M echanics, (By An-Bang Wang) W '&E:‘ r "L;: oé ? ELLA
National Taiwan University kT BT AP A



« High Resolution

 High Brightness
 High Contrast Ratio

 Fast Response Time

e Flicker-Free

DLP™ Large Venue

Source: TexusInstrument Inc.

% B S BT
Institute of Applied M echanics, (By An-Bang Wang) v '&?3 e "";: % ? ELY
National Taiwan University x 7 BT kA



How DLP™ Technology Works

e DMD :
Digital
- Projection Lens Micromirror

Light .
Absorber | Delvces

I nstitute of Applied M echanics, (By An-Bang Wang)
National Taiwan University




DLP Projector

Resolution: 1280 x1024
Pixels: 1280 x1024

LCoS panel x 3

RLCD(B)

Lamp M3
RGB

Color Wheel 1 P an e I

PBS(B)

Integrate

Eecee, dlens

M1 Projection

Lens

PBS(R)
RLCD(R)

I nstitute of Applied M echanics, (By An-Bang Wang) AR
National Taiwan University kTR A
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T 2 -
\tit) Lighter, Brighter, and Wireless

N A
N
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o O]

Where is the Next?

2
=
[©

Mobile Projection
Appliance

Mobile
Information ,
Appliance } -
Source: Texus Instrument Inc.
J, ~h — % %;L‘ 5 1(‘ % :
Institute of Applied M echanics, (By An-Bang Wang) * L g:‘ ”E e~ ?% ? iz
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Applications of LEDs

-0 g

J

_Jl.ﬂl

I nstitute of Applied M echanics, (By An-Bang Wang)

National Taiwan University



Large LED Display

SHAERT VBT
I nstitute of Applied M echanics, (By An-Bang Wang)
National Taiwan University
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Advantages:
e Solid-state light source Epoxylens
e Small size (]

* No color filter needed - lewi
» Long-life (10°>~10° hrs) $HHE  Reflector —
 Low power consumption

1@‘@\'

LED chip |

* Fast response (~ 100 nano sec)
* High resistant to vibrations Cathode
* No mercury £ Anode

» Robust

LT RS A2 BT
Institute of Applied M echanics, (By An-Bang Wang) w J&Eﬂ‘ AR \-'U—T ,é '? 2
National Taiwan University 3k 3



Color Gamut

o7
CIE 1931 Chromaticity Diagram
-
-
[ §]
=l
&)
1931 2-degree Observer
CIE 1931 chromaticity diagram of various MEH-PPV/DPO-PPV polyblends with 0.7
following weight ratios: (A) 1:0 (B) 1:3 (C) 1:6(D)1:55 (E) 1:75
S BEST % AL2 55 gm
. . . - w1 I WU . ? e
I nstitute of Applied M echanics, (By An-Bang Wang) L / i

. . . . sl R = % 4& &
National Taiwan University X7 BT A



Evolution of LED

Japan: 120 Im/W @ 2010

100g ™ |
[ I’ N
rary s AllnGaP/GaP /o =
T - Red-Orange (‘{:_r".-.,.
S -« Unfiltered AllnGaP/Gads 7 InGaN
E Incandescent AlGaAs/GaAs R.4.0r > Greery'
o 10 Lamp Red
e :
= [
% E AlGaAs/GaAs
Red InGaN
E - : Thomas Edison’s = Blue
T < : first bulb GaP:N Green £, p.N
e ] ’
A 1 c GaP:Zn,0 Red/Yellow )
o} , @
= [ Red .;:b
@ E “‘Ill.... é‘-‘n"
- " GaAs, P, :" SiC
i %, Blu .
01 L | 1 ] l l ] | L . ] L | 1
1960 1970 1975 1980 1985 1990 1995 2000
Time(years) (originally from F454)
Jo SR -—‘ ’g‘ %,'% 3 1(‘ %5 i
Institute of Applied M echanics, (By An-Bang Wang) * L '&Eﬂ‘ P VR~ ‘é '? L
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High Power LED

Tranditional LED High Power LED
*5mm in diameter *10-25 mm in diameter
*0.05-0.1 W *1-5W

*0.5-3 Im *10-120 Im

Gaold Wire Bond

MasticlLens

Silicone Encaipsulant

InGaiN Semicondiuictar
Flip Chip
Solder Connetion
Silicone Sub-mount Chip
Hants ink Slisg with ESD Probection
S Baot 4 Lz Ay 1w
I nstitute of Applied M echanics, (By An-Bang Wang) WORR T i S % ? ELLA

. . . . sl R = % 44
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Traffic light

o WA ARA2RTESR):

2] LED
0.1 & T 41 65E T

w TSETT

4 160 % T

BB A B AR R A

@0.11 £ 70/kwh
W& 6L LED
61.5% T 7T4% T
(From F4¢5K)
R - 9 LR Pk 2 = %
I nstitute of Applied Mecﬁanics, (By An-Bang Wang) * R @‘T Pt 32 é’n ? iz
7'5 éﬁ—r < ébﬁ? /‘

National Taiwan University



L ED backlight

Light Guide 180" Mirror

| Mixing Light Guide

Institute of Applied M echanics, o R o A
National Taiwan University KT BT KRG A

Jo &h — % b 5%
(By An-Bang Wang) T BT 8 S 7%9 ’E iz



P J ) 37 G iR

Frame 16.7 ms

(a) With the cenventional hold-type LCD mfpnnse
backlight. :

e i
o o

Bac;:li;ht Output
{50% duty cycle, end of frame)
Hirakata et. Al. {Hitachi) SID 2001 p.990

(b) With the blink backlight.
(From F+555)
J, ~h — ’2 %)_4: 2 1(‘ % :j
Ingtitute of Applied M echanics, (By An-Bang Wang) LA 0 Se2 # B L

. . . . sl R = % 44
National Taiwan University X7 BT A



Trend of LEDs (efficiency & cost)

10° A 10°
E 30X Increase/Decade ~
Py O >
=0 <
. 3
a 1 00 1 00 E
> =
- —
= Z
_ =
-10X Reduction/Decade ~
10-3 | | | 10-3
1968 1978 1988 1998 2008

Year
ik DA B2 ADELEDBE Y Fa T e e, i i H.P. 24 7] 2 R Haitzfg{#t.

(From F4¢5K)

%7 BT 4 2 #E I8
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Characteristics of OLEDs

. Self lluminous, thin & lightweight (No backlight needed)
* Low operation voltage (5~15V)
* High brightness (100,000 cd/m?)
* No view angle dependence (> 165°)
e |ow temp. process, versatile in substrates
e Mechanical flexiblity
e Fast response time(40 ns~ 10us)
o Full color (blue, green, red, white, No CF needed)

o Easy fabrication (vacuum evaporation, coating)
— potentially low cost

e High contrast (200:1)

Sk 2 T A
Institute of Applied M echanics, (By An-Bang Wang) FL %E;r & SuZ_ é ’E L4
xR

National Taiwan University



Structure of OLED

Rib Encapsulation cover
M oisture absorbant

<«— Passivation layers

: Back metal electrode
<+ Electron injection layer
<+ Electron transport layer

Insulation layer

Light emitter
- <“— Holetransport layer
To driver |__l«— Holeinjection layer
+
R G B R
(From Lt )

,:-F, — .»b > 1,(‘ 55 : )
Institute of Applied M echanics, (By An-Bang Wang) EL‘ &E;r i "é ? =

National Taiwan University kTET KIS A



Resolution

1 170x220(QCIF)
pixel pitch : 66x198(128ppi)
Brightness : > 200 cd/m2

# of color : 262144
apertureratio : 32%

Institute of Applied M echanics,
National Taiwan University

(By An-Bang Wang)



Combination of the convenience,
robustness and readability of
printed material with the vast
and flexible information content
of laptop computers

Cross-Section of Electronic-Ink Microcapsules

A

Sub-capsule addressing

Top Transparent enables hi-resolution

Electrode AN / display capability

Positively 3 Negatively

charged white charged black @

pigment chips pigment chips

Clear Fluid
: / Bottom Electrode .
4 - + - - -
Light State Dark State (Hayes & Feenstra)
Note: For illustration purposes only - not drawn to scale. Copyright E Ink, 2003. O E'INK
D+ R I 5 I8

I nstitute of Applied M echanics, (By An-Bang Wang) ST 0 -»L;\ e A =

. . . . Js - %
National Taiwan University X7 BT A
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Flexible AM-EPD Panel

200PPI, 27,
320x240
@2005 SID

* Result
Operation while being flexed

Sk = 4 sk 5 kbS5 1w
I nstitute of Applied M echanics, (By An-Bang Wang) W '&F:‘ r "L;\ % ? ELLA
National Taiwan University X7 BT A



“(EuroNanoTex)

E"n el ]
L1}
5w 162
=
% e 180
w il S
= 15,3
1T i .
ANHAE N HIg AR e Lt L]

P

FiE T ¢ Venture Development Corporation 2004

%
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3Bk % LRFID ¥ #7 5% 4

RECO-View IC-Tag Sheet (15[ 10 ip 1% Fﬁ' R4, 2003/9)
Reusable: 500~ 1000 times

A4-gze.

Institute of Applied M echanics,
National Taiwan University
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% Sharp 2%k % — #:3D L CD-Notebook

£

19 67497

 Sharp, Mebius PC-RD3D
* (350000¥ @2003/10)

- e No glasses

» Software development

‘ l'lmml

;;j%*%:‘?[@’”’géfizgfﬁ% Jo &h -‘ %,4‘} 1(":’1 :j
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