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Charles Stark Draper Prize —— TFR5H “3E N IRE”

201 24E 8T v d s A8 H TR ) 20134ER T ML N FHUB H TTER Y
George H. Heilmeier, Wolfgang [> Martin Cooper, Joel S. Engel, Richard
Helfrich, Martin Schadt, T. Peter H. Frenkiel, Thomas Haug, and

Brody | Yoshihisa Okurmura

p ’\._ \ ” - v‘ ’,
G.H. Heilmeier, W.Helfrich, Martin Schadt, T.P. Brody Martin Cooper: 1973$ Joel S. Engel: RH Fr/en:<ie|'
IR — R BGEAMPS a1 i 2 fr
G.H. Heilmeier: ﬁ%%ﬂ%&ﬁﬂﬂ‘ﬁﬁ R EHEE FFHFAHL | FHLARSAR Ce" grldm1i$ﬂtﬂ?§&
(DSM) LCD, ATFRMitHEHA =
W. Helfrich (REIEELKEE) , Martin
Schadt : &EAH ] (TN) BB,

BT PR T - T
T.Peter Brody & B AMIRZNFEFLCD, - L

e H g — Thomas Haug: Yoshihisa Okumura:
TR T AR KT] SIME, SMS{5E  800MHzi: 7t A%
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“This is for every one” knockout in 2012 LOG Opening Celebration kw F}i _rQlo;_bS

J. Berners-L ee, the Draper Prize Winner in 2007 For developing the World
Wide Web. The Draper Prize is referred to collectively as the American version
of a Nobel Prize for engineering
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Chapter VI: <frankie and june say. Thanks Tim>

In 1989, Berners-Lee invented the World
Wide Web, an internet-based hypermedia
Initiative for global information sharing
while at CERN, the European Particle
Physics Laboratory. He wrote the first web
client and server in 1990. Berners-Lee
specifications of URLs, HTTP and HTML
were refined as Web technology spread. In
2001,

“This is for every one” knockout in

2012 LOG Opening Celebration

Timothy J. Berners-Lee has received the Draper Prize of the
National Academy of Engineering, USA, in 2007 For developing the
World Wide Web. The Draper Prize is referred to collectively as the
American version of a Nobel Prize for engineering. [#& /R TFEX]
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Beijing University 1986
Prof. Yu-zhang Xie
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% TeL AWV UNIVERSITY

takes pleasure in inviting you to

The Raymond & Beverly Sackler

International Prize in Biophysics

The Sackler Biophysics Symposium on:
Physical Principles of Biological Systems

Tel Aviv University, Wednesday, December 12, 2012

09:30—09:40

09:40—-10:10

10:10—-10:40

10:40-11:10

11:10—11:30

11:30—12:00

Sam Safran
Weizmann Institute of Science
Opernirg arnd introductory rermarks

Zhong-can Ou-Yang

ITE Chinese Academy of Sciences, Beijing
Elastic theory of ffuid membranes of
Helfrich model and its application in other
SOfT marrers

Avinoam Ben-Shaul

Hebrew University of Jerusalem
Energy, entropy and bending elasricity of”
DNA packaging in viral capsids

Yuval Ebenstein
Tel Aviv Universicy
An experimental roolbox for single molecule

studies of genomic variation
Coffee break

Haim Diamant
Tel Aviv Universicy
Iri-plane dynamics of beterogenconus

e branes

12:00—12:30

12:30—13:00

13:00—14:30

14:30—15-00

15:00—15:50

15:50—16: 40

Adrian Parsegian
University of Massach
Solvent entropic drive in

Frank Jiilicher
Max Plank Institute, Dresden
Active processes in cells and rissues

Lunch

Prize Ceremony

Awarding the Sackler Biophysics Prize
Jfor 2012 ro:

Carlos J. Bustamante

University of California, Berkeley
Wolfgang Helfrich

Freie Universitit, Berlin

Operning of Cerermarny

David Andelman

School of Physics & Astronomy
Tel Awiv University

Joseph Klafter

President, Tel Aviv Universicy

Tnrroducrion of the Laureares

Michael Kozlow

Faculty of Medicine, Tel Aviv Universicy
Michael Urbakh

School of Chemistry, Tel Aviv University

Wolfgang Helfrich
Freie Universitit, Berlin
How vo get from physics to biopkysics?

Carlos Bustamante

University of California, Berkeley
Drivisiorn of labor and coordination ameng
the subunits of a viral ring AT Pase
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LCD is Ubiquitous

Smartphone Tablets Computers

110" o2k LCDTV 105” Curved LCD TV -
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LCDs
What is a liquid crystal?

A ligquid crystal is intermediate between a liquid and a solid.

sxmiammaEs =AWk, B,
T A TR 5 [ A o 2 MR R 1 25

A crystalline solid has long range order, e.g. NaCl. Ilil'-i "

In a liquid, the molecules do not have long range
order. The molecules are randomly oriented.

[E 4475 B 0P 2 A [ e BRI AL

AR 71 L R REN LR B
In a liquid erystal, the molacules have long rod =
shapes. The molecules' positions are random but = —
their orientations can be alignad with one another in a """“___....a_
“hl-l—

regular pattern.

W BT TR, 2 TR0 T LA Bz (ff’iﬂi),L{ﬁ?Hiﬁﬁ
FEIHEA A — R B R, D6 A I ET IR (R A 1 ) — B
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1922,G.Freidel & XIEH R FERER T A=, ENARARBR A
Liquid crystals — crystals that flow

Nematic Isotropic liguid

-

1. P. G. de Gennes and J. Prost, The FPhysics of Ligwid Crystals, 2M Ed.
Crxford University Press, Mew York (19932).

2. 3. Kumar, et. al., Ligwid Crystals: Expernmental Study of Physical
Properties and Phase Transifions, Cambridge Univerzity Press, Mew

York (2001).

P.G. de Gennes, 1991 i NURYHE R



Dr. George H. Heilmeier |
Titte Chairman Emeritus
Organization Bellcore

+ 1958EFFVGH. Heilmeier /I ARCA, 7EHFE R ILHFSEES MR EEET
RN, 25, HAeEEEREREEBIH.

» TEERTES, fRgiiEar o ERip AR AR RS B AR 2 By
§&M1974ﬂ5@]1977ﬁ, Heilmeier2:3& H E B 3 & it IR (DARPA)

o« M) RBCAEMN B EHRB DB EEEARAE .
Heilmeier/5 38 4E T /RBERA T (Bellcore) K1 EEFHEHITE,
HERAENTEMZEERE.

. 201444 HI

George Martin WoIfganSara Brody
HeilmeierSchadt Helfrich (Peter Brody)
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DSM-LCDRLf: BERI7TBRABEH T Eris. BTFR)
grly 1%705 Practical Electronic Displays ,:’:"ERCK

"
Durability test of Liquid Crystal Displays




Dr \A/lnlfooana Haolfrieceh
LJl1. V\IUIIUGIIH 1ICTIITTIC11
Title Professor
Organization Free University of Berlin

« IRRRMH/RIBEA, ERCA, BHIRMNHE
WAL BB 42 551 & F B B 19 51 2L

« 19704F, fMATERE -FRAF, 7 S—
AR A I T SchadtFF 45 T AT &1, b
KRBT H B AR R B (TN-LCD) &

« 2B, BT HOSEARE A%, W

TR, i Y SRR 47 T 5 R SR
TR BRI CEYE S5 .
20124E12 5 12 5 Al 7E LA & 51| #5 $% T Sackler
El‘g’i‘-\‘i%%ﬁ%° %‘%"ﬂ?ﬂi]'ﬂﬂﬂﬁ’%ﬂ?%‘jﬁ George Martin olfgangara Brody
%‘ﬁfﬂ%ﬁﬁ%ﬁ(ﬁ’ 9#1’5730’5:}‘%"’5‘]3%‘%5 Heilmeier Schadt Helfrich (Peter Brody)
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T e ) o B B g T A AR
(Frederiks Electric field Effects)

o VB (FEAIL) B H B A ) M 2

EX] DA B3t A L2 R 7.
* V. Frederiks, A. Repiewa, Z. Physik
42(1927)532

 V.Frederiks, V.Zolina, Z. Krist.79
(1931)255

« 1937LLEMBE AR E,
T%ﬁ#ﬁﬁﬁ
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* Invented in 1971 by M. Schadt and W. Helfrich (Hoffmann
-La Roche), and J. Fergason (Kent State University)

picture: TN display prototype presented to
the board of directors at Hoffmann-La
Roche in March 1971

5 /R 09y (Helfrich) JFURAERCA 18 £ )5, B 52 H TN, (EARBG KA, I ASEE R 1B B BOR 1 &



Twisted Nematic (TN)-Effect: Prior to Experiments

Field Off-State: Polarization rotation by 90° twisted Field-On State: Positve dielectric LC-molecules
nematic LC-configuration allows light transmission align vertically; e.g. parallel to electric field (black).
between crossed polarizers P1 L P2 (bright).
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Active matrix versus passive matrix

signal electrodes counter-
* * ET}ME column electrodes
0 a ' '
Tl Tt
= A P ? : ;
-E\ T e E ”';%;‘"" f’%/f‘;
§ [ _*1-.\‘-_[:2::15:;'1”&1[ % T o,
AW i I
il TP 2. i)
7| 2 7 V)
ﬁﬂﬁ%ﬁlﬁ(ﬁ\l\ﬂ) Active matrix Passive matrix
ToIRFE FE(PM)

Active: have a TFT at each pixel to hold the voltage
- only have row and column electrodes overlapping to form pixels

THEEMRTERSHRNERERN: wHEFHUS -USBImEX. YHELLE (BEFREGEERS
[x, y]1 HER2U) , NIXEYLEREAE#EFREBREU. XBERT REEILE.
FREEAMEZZRA—N=ZREBEFIFRBE, IASERERE. PS4 MR
P HETVENEE=RE (TFT) JLEpp) » XEAERARB R, Bl
iPhone4 & ~xFEMRetina (FEMEE) . FFLL, TFT-LCDEREX B SR BRI RARTGE !



ITR-GAS

%ﬁ%ﬁlﬂ‘(PM)Eﬂ <A X M 5 Kawakami(Alt,Pleshko)
RMSZ B IRFEZ (Iron law)

0.5 - —40 0.8
-="" 5 5 I'
0.4 - o4
: ]
(i) b [
E 043 = E 0.3
3 2
4 % E
E 0.2 = F oz
ws 2
F o1 ! : % - 0.1
: 4 15 =
..-ll"
o0 g WO g 4 5 20 ag a0 35
Applied valtage (Vons) Apgied vakage (Velts)

Voltage response curve of TN Yoltage response curve of 2407 STN



Dr. T. Peter Brody

Title Chief Scientist
OrganizationAdvantech US
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George Martin  Wolfgang Sarah Brody
Heilmeier Schadt Helfrich (Peter Brody)
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TFT structure

Common
Electrode (ITQ) Data Bus-Line
Black Matrix / Color-Filter / Common
/ Electrode (ITO)
TFT \ Cs;l ‘/Clc
Ny
Vo '\ el ‘
ate .. Pixel Electrode
Data Pixel Electrode  gtorang Capactior
oo TFY (ITO) (ITO)

us-Line (Cs) Gate Bus-Line

TFT structure and Equivalent circuit

Deng-Ke Yang and Shin T Wu, fundamental of liquid crystal devices, Wiley (2006)



Y331

(EH)

FFXMA: K, MAREE R, TEER, R
Vertically Aligned (VA)-Mode :’:"ERCK
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Negative Ac is intrinsically needed



FEFFRER(HILEH M) 58%5 7T
In Plane Switching (IPS)-Mode ﬂ:’f"ERCK

SR (H AT B E D

AR AR, R
7 =Wy ri 23 W =< 35

s o000 e

T X T XX X X ¥

L v r 2 T 1 1 3%V 4
PooDDVUNY
re L 2 1 32
doroan\

7 [ Ky
d V gode

¢ = electrode distance
d = cell thickness

TZHER ==) Large Ae is of essential importance

3 70% VA
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ITP-CAS

CIE Chromacity
ETTET

~ LED  Backlit TV 2105% NTSC

65-75% NTSC
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IALCDBE: TFT-LC Cell+35)6H (BLU)ZH %
LCD Panel

ot B Oy T

Backlight Optical
Unit (BLU) Films

Light LELD
Guide Housing Reflector

Diffuser
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HAREE PR ERR T (mm*mm)
1G 320%400
2G 370%470
2.5G 410*520
3G 550%650
3.5G 600%720
4G 680*880
5G 1100*1300
6G 1500*1850
7G 1950%2250
8G 2200*2500
10G 3000*3320

1. FEFPD= L k& FEMEN

33
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Active Matrix Display (AMD)

commercial production: 1989
concept: B. J. Lechner, 1971

EIEMERE (T Peter Brody) , ,
“Super Fluorinated Materials” (SFM), 1985 F

R-.-O@cn R. Eidenschink et al., 1976
O

F!'--<:>—< D. Demus et al., 1975
0

ch G. W. Gray et al., 1972

Super Twisted Nematic (STN)
T.J. Scheffer et al , 1984

A AR

Twisted Nematic Mode (TN)
M. Schadt, W. Helfrich,
J. Fergason, 1971

HIBHAL, 197683 (Helfrich) EiRB R, 100SHHR
20084EIEEE F&E—RE (30 R0 @_\
Dynamic Scattering (DSM) o _Q,f h@a
R. Williams, G. Heilmeier, 1962 N R
BE B SRE,

Heilmeier2005 5 #FK

T. Peter Brody, George H. Heilmeier, -

Wolfgang Helfrich, and Martin Schadt N

the Draper Prize of the National Academy of |y PhcoO F; Reu;tzer,\ﬁﬂﬂ
Engineering, USA, in 2012, Nobel Prize for ﬁﬁﬁﬁﬂ[‘

engineering
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T ETE AR B YT RNBR w5 Y D5

LR (ER) FE(ER) 25 (FR) BEREsEHKR (ER)
231342 219617, 105912, 49517,

B B s EAREE QST S AL, B RIS AL, SREEFEESR
KO BR

ZHERIR

EERKEEER : http://finance.inewsweek.cn/20140311,80225.html ( T{E&8%% )

EURUREAE" © http://www.stats.gov.cn/tjsj/zxfb/201402/t20140224 514970 html ( EZRGEHE RS )
WREREMR : http://www.jdgod.com/2014/zixun_0310/3991.html ( 21tH4EEZi% )



http://finance.inewsweek.cn/20140311,80225.html
http://www.stats.gov.cn/tjsj/zxfb/201402/t20140224_514970.html
http://www.jdgod.com/2014/zixun_0310/3991.html
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Egg%gﬁiff PMOLED &4 = £&,
eIt L 3 S TFT- SEIL T /MR SHOLED R
LCDAE=L& T L& KB

RE I
B EHAG3 IEXREFE

R %5 G5.57F
T

36

2008
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B AL5G5.5 VIERFTEIEGE FFIER K.

ViR, RERAFERHRFLE
TFT-LCD L ZHAE R TR
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o K TR e WL K TPLAS
v i BB RGEIERE =,
VIR R IR 2 G5, S5AMOLEDAE = £
THE#®. o [ A Bty T A5 7= b 30 SR 78 )

VR T AL RMEE S BG8. 5IERE™ Kifas, UURERT AR, H
' EARFERWANL62. 51278, #
v 5 S EFK T AL FEE R R FIJEES. 64270

R e e o

V18, BEREEAREMSzTRE ¥4 EREREREGE R

G8.5 TFT-LCDA:j=4; vaF, ZBFMGT. 5%1@&
VTH, BEFERBRBLEBIFT-LcD  Y5H, LOT MG 5P TE&
TZHEARERIELERERARE.

v11H, ZE5L6E AR S ERIE
KRBT T M FHHNPIHEBURF IE#E 3L,
B RER AR S ERIE “5i
2”7 X FRTRIRIEE.
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20124 =t A GELL L TFTRE LR
Fe P P RS RE H AR ER J 11 5158 = (4 /5 423k 20%)
SN = # H %
BE | 76 (HE| SR |([8E| FU | BHE | S
7% Jim? % Jim? % Jim? 7% Jim?
G5 4 618 8 1480 4 947
G5.5 1 70 1 421 1 70
G6 2 559 6 1826 2 866 1 198
G7 2 1678
G7.5 1 630 3 1315 1 1053
G8.5 4 2475 3 1056 4 4257 2 956
G10 1 751
it 4352 6098 8801 1975

¥E: Display Search TFT LCD Supply/Demand and Capital Spending

Report
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> o [E KR 20034E PART K72 fE35k B ICYETN-LCDFISTN-LCD, M20034EHANTF
T-LCD/™ I RES T R KRR X R -

> o B KRB 3 7= BE M 20034E F98.2 7 m2E N B 201 24E (2206 /T m?, SR
é;%&ﬁflsgﬁggﬁﬁﬂzk 20134EF=HEIAR2906 M2, AR JLEF=GE¥E

o B KB =R i HA&

2003 0.5% 3.4% 37.8% 28.2%
R
2013 13.0% 31.9% 45.6% 9.6% ‘?Q
Jm
280,000.0 1:1
230,000.0 ]]{,
180,000.0 ]]1?]
- =
N
= 130,000.0
S
S  80,000.0 i‘;’?
=
ﬁ 30,000.0 - . 4—1—]
N
-20,000.0
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
mebfE| 828 70.1 | 1,3335 | 2,288.0 | 3,486.9 | 3,856.8 | 4,291.8 | 6,790.2 | 11,925.8 | 22,062.6 | 29,064.6
BE5E | 5053.0 | 9,406.6 | 16,379.3 | 26,364.6 | 36,155.7 | 44,072.3 | 51,942.2 | 63,609.3 | 68,214.4 | 69,592.4 | 71,485.9
mEE | 5,717.4 | 89275 | 15,169.8 | 24,617.9 | 35,001.7 | 47,378.6 | 63,351.7 | 80,128.6 | 95,069.5 | 100,898. | 102,315.
mHAE| 42631 | 5377.7 | 6,004 | 7,172.1 | 11,1149 | 14,811.0 | 15,122.4 | 21,915.8 | 23,040.2 | 20,972.1 | 21,482.8

40 i ANEERUUL PRty | AP EAFTREE R IIMRIRE ™5,  ## £%: Display Search
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> PEPFRERTWELTER T “ATEE. WDEIK” BIRRHE, JriamE “ M5

om” Wk, FERT “HigiE. K=/A. R=H.

FEEER” DR EM, Pk

BRI
=3 |
Ay FELR g | TRRETEIRR | 7RRE o
_Lh_l.k %[Eﬁ Fﬁ%%] (73 m2) ﬁj\gm H@j
Jt5t BOE G5
bt BOE G8.5
28 /82 Hf BOE G5.50LED
- G4.5/G5/G5. 0 & {65 BOE GX
RAET | 6 | coeaes | 2007 56% chFgp
¥ BOE G4.5 . —
MR G5 LJ%—?M
G4.5/G5/G5. HORLY G4.5 . :
x5 3 287 8% \ FESVA G5
5 R Innolux G8.5 LLIVO G5
4 1E BOE G6
HENH 1 G8.5 660 18% A0 G8.5
e B 57 CECH ¥G6
e AKiA G8.5
FRAER | 1 G6 259 7% P i G5
50 (CEC) G10
ﬁ%%% 1 G5 189 504 AR “Truly G2.5 s )
0 HYIET G25
?ﬁT%ﬂll?ﬁT%%ﬁ G5
Wk | 1 G5.5 187 5% RIIEE G8.5
JEITRY G55
AE Truly G4.5
HAih ) 3 (G4.5 1% M LG G85
D - ~ 0)
it ) A8 Eesieits =9l HEDeE GV 2013F123 ook 201240 [ Tohe 57 4 SRt A T 4R
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R (mm)

2200*2500

20144 K Firs& &b 2 7 (TFT-LCD) max A CAS

1200*1300

2200*2500

1500*1850

730*920

SPIRE

HRERFR

2200*2500

LTPS-
LCD/OLED

e

sl

2200*2500

2200*2500

£

X

1500*1850

LTPS-LCD/1x5%&

http://news.hexun.com/2013-12-27/
160950851.htmIFOHX

http://money.163.com/14/0725/15/A
20QDMHJ00253BOH.htmIfZ 442

http://www.ah.xinhuanet.com/2013-
06/13/c_116123251.htm&AEFEIK

http://www.bjnews.com.cn/finance/2
012/08/02/214195.htm| FHEIHRM

http://gzdaily.dayoo.com/html|/2013-
07/12/content_2316175.htm/ M BiR

FAIRE
I

PR

1500*1850
2200*2500

http://www.panda.cn/SJITCMS/html/
CECPANDA/subcompany_yejingxians
hi.shtml-REBRESEE R




=y N5 T D) HEHRAEMNY, (22
. 4.5 7307920 30K
=
http://stock.hexun.com/2013-11-
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20130107/144606.html=RE
B | 45 730%920 30K A ‘ e
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=2 Ao 8.5 2200*2500 EE
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T Domana B Sumly

v 20154ETVER v 20155 =8N N (@G8.5)
FPD Demand China Global FPD Supply hE  ESE & H

HIF&E (Unit) 150M  251M
2015 Supply (m2) 59M  48M  14M 10M

2015 XfMEEAR (m2) 56M 111M

PR (m2)  75M 149M 75%0

E: DABEIESRIF290%, 4FERTFHLZE0%,
P2 R R0 E, 2015REW R E A=
BES1N75M m2

> 20154F, EKRE8.5MALRILFI9%, 8.5MR&L R SHAR A, FE~EH
HEBKAI30%, HHSGARBRER, ZSHERAKEDSRENEUDFRETR,
> 20155, MT\FERBMEKEXMEE, FEPRER KR E+ET
75%HIfkss (FERE) .
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> PRGBSI HIFT R, WESPEREM ., B e w15 B i & gl
IS ER I AT 3% T RS 2 SE R 3R T .

65” UHD (4K*2K) Oxide TFT-LCD

110” UHD ( 4K*2K') a—-Si TFT-LCD - HJECITE (TEHBEFEEEYES ) 20134#HeX
HIECITE (FPERFERFRES ) 2013853 — I
2013CESRR=E110TEBRFENFTANRRERERR S 5OC smmmmmramonrs .
A N
ERFHE TS R AAAA

CES=EN0RTEETRUEEERA

SEATETIE ¢ 2013-1-10 9:32:48 #R45 : hesz

Daongage B SmmUs
Al e 55in UHD#EERSD TV (4KX 2Ke2D/1280 X 720@3D)
148 &b O 2 A =0 HAFEA A0 ASH AR 2ol (EStlHd = . \

B 110217 UKD 4R EARFILCD) TV HE S 52 BOEDH MAH B35t ZHolnh - HECITE (HEHEFREEERES ) 2013681F%K
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> SRR BT GBS K, 20134ETT B N138812E T8, B20154F, T

R RA B 1543423 7T .

> TFT-LCDET BRI R 1 T2 u b b, BaBrinase Tk, 220184
&% 75%; TFT-LCDH, a-SiBTFT-LCDHi#ERE BEL000{ZETTAE A, HEHE
60%-70%2 6], 59RA FHRERT 4% £ .

20135 FI SR T 4 LA

%F;EIT E:ﬂﬁ Oxide
2% TFT-LCD
2%

PDP

20155 AN RIS T 4 8 EL A

ppp CRT
0,

H i
0% 9% 9

2%

Oxide
TFT-LCD
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> RHK2-54F, BARFARE 7N AR K, HERFFREE
LCD TV &S 38 FACR A T KR B, T e FE30% - 40% K433 o
B RETF MBS R FAR BT A — AN ERENTTS, 72BI4ERF4120-25% 848

BRI BRI EESE.

2013 Revenue Share by Application

Digital Still Camera
0.0%

Automaobile Monitor.
25%

Automabike Monitor.
2.2%

Public 2017 Revenue Share by Application

Display Diigital Still Camara
2.2%
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FEWHHFRE—: FEPRERTGBEAN TR KPR SRR, AL
PR R IX A LT -

Total Smart
I(\EAI;)rll)(aeltTV 24% 24% The largest TV market Phone 10% 13%
Global Total large area

oba TFTLCD 19% 19%

LCD TV 21% 2304 The largest LCD TV shipments
Market market

Total small area
All TFT LCD 15% 17%
Mobile PC 26% 28% Fast growing shipments
Market AMOLED panel -

shipments
'I\I'/?;)rllt(eétPC 18% 20% Fast growing AMOLED |

pane 0 0

shipments 31% 35%
Clamshell
Notebook 30% 31% TFT Capacity 12% 13%
PC Market : China is a key

TFT Equipment 0 0 . ion
LCD spending 44% 53% investment region for
Monitor 3504 35% TFT LCD capacities
Market Touch panel 204%  22%
Alo (Al zmjec'te'd 18%  19%
In-One) 21% 21%  The largest market apacitive 0 0
LCD PCs Touch Panel

Resistive Touch

0, 0, i
Panel 38% 10% The largest supplier
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R G TVIEAERTFT-LCDH % 74
N

R~ H&RE TR

28" 301

32" 1804

46”/48” 293

55” 281

24” 179

42" 179

Bt 2040

K. dJNRSFEABRTFT-LCDH B 4

5 =17,

Mobile 2013 2014 2015
A R4 4 2 2
N (K$) 1,372,560 2,777,508 3,902,438
& (M pcs) 245 376 442
APP/TPC 2013 2014 2015
WA EHEA 5 3 3
N (K$) 631,084 1,174,871 2,086,258
& (Mpces) 54.7 73.5 95.2
NB 2013 2014 2015
A FHEA 5 5 4
A (K$) 610,016 1,142,264 2,222,027
& (M pcs) 14 24 34
MNT 2013 2014 2015
M A EHA 5 4 3
N (K$) 1,195,000 1,680,000 1,872,000
i B5 & (M pes) 18.2 24 26
TV 2013 2014 2015
WA EHEA 7 6 5
N (K$) 2,031,585 2,336,277 3,301,459
E (Mpcs) 12.9 11.9 15.2

2013 2014 2015

Wi bA #2H4 4 3 3
MG AZE (%) 12 14 14.5
& (M pcs) 360 437 466
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> SER K RBE I AIFT iPhoneFALIRE T ITE S HEqy, FiH2016FEFEERFVTHETF
ML BRI 72%, FHLEEFBRAAMER, SRR ERERTRER K.

> TFT-LCDRZ F /MR PR BRI ER, BFET5% U LTS0S, &5 RE

i RSIFER K 2 & B H

> AR R KRG FTiPhone M E RIS, =EFHLEARESIOLEDTY, HEZK
EXFAAMOLEDE AR FE R —E B HIGH H&E, B TFRSEVRIBAREES"

&L, FFANT EHIRR KRR, RRAFEILEEBETFT-LCD,

F/NRSF ERLCDIR K K HOLEDH H B At

100%

80%

60%

40%

20%

0%

2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
mOthers | 0.7% | 1.4% | 1.1% | 1.1% | 1.1% | 1.1% | 1.2%

=2PMLCD | 22.8% | 16.9% | 11.1% | 8.8% | 7.5% | 6.8% | 6.4%
BTFTLCD | 72.1% | 75.6% | 79.5% | 79.0% | 78.1% | 77.4% | 76.7%
BAMOLED| 1.8% | 3.6% | 6.2% | 9.2% | 11.6% | 13.0% | 14.2%
mPMOLED | 2.6% | 2.4% | 2.2% | 1.8% | 1.7% | 1.6% | 1.6%

Source: NPD DisplaySearch Quarterly Small/Medium Shipment and Forecast Report
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K P

SR LR T 3R — ANRERIERZ T, KT 20138 e A widh
v IB#ENPD DisplaySearch Z=E# 3 H ik HH R A FUNR &, 20132 TR~ B Fi HH 5%
BTGB EE2UCATRE, BT E CABRKIETEASHTGHER.
v ﬁ%—ﬁ%#ﬁ%mm%mxﬁﬁ,%%ﬁ%%#%ﬁ%,E£WMﬁﬂﬁﬁﬁﬁ
AR FE i Y B BT 20134E i K 64%0.

100%
INntebncrk PC
75%
lTablet PC
G0 %%
25%
D%

2011 2012 2013 2014 2015 2016 2017

2011-201 742512 24 FL J A0~ Al LR 3R HH B2 o5 L
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> FTRST PR E v R ERE xR A B A AR A X/ i R R ER BE AR - N B XA F T 3 X R
SR —ME, Frt— PR B T R K .

v PRI —E HIER. 7 iPaddif, {EAE2013F— R 5K/ R 1R B AR R B
REXSHA. 7-8" KB BT HIES50K TN H, HREREIMLESHAS,
M7 T B NLT%, BRENATIEREER.

v BEE PR ERFSRAF RS SHEREI, $XW3% (WPhablet) HAERE R
. FEFE20124FEEITEMEA (BRI FRAFEMILX) , BN R PRERTS .
§§i¢ﬁ%ﬁ%ﬁ@T,mmﬁ*@?ﬁ%m&ﬁéﬁﬁﬂﬁ%ﬁﬁé,m%ﬁ%ﬂ
i£27%.

00% - — —
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| III III III
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Source: NPD DisplaySearch Quarterly Mobile PC Shipment and Forecast Report
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TFT-LCD HEAMRES S5 EMTTE> 97 i, Hoh & R BEMAAKREIERE, 4K
i EEL AR H B #R B OLED AR

v FEIAEREREFHACRTE NS, HE LR E B SR8 3]20204F.,

v 2 HEBHEE (EE7E2013 CESHAKE B BEMBI I ARY) EEKRMTH
HEHAKB S EEAL, OLEDHEM BN EE2013FEH™, HEDE.
v OLEDHEEALE AL (M ZEIR, T & R IEBURHE) AK YR SR AR

N 2012-20165%E0LED
2012-20164F R HL I X TR gﬁﬁggwmﬁmn i

300

250 - mOLED TV w4K LCD TV I
£ 200 f c
c o6
2 150 | =
=]
g 100 | E
S 50 | wd
E o0 E KRS NPD
2012 | 2013 | 2014 | 2015 | 2016 £ DisplaySearch
mDLPRP| 01 00 | 00 | 00 | 00 a2
£ Quarterly Advanced
WOLED | 00 | 01 | 06 | 27 | 70 @ Global TV Shipment
mPDP 13.3 | 10.0 5.4 2.5 0.7 0 . [ ] . and Eorecast Rzport
m[CD 203.2 | 213.0 | 230.3 | 244.9 | 255.1 2012 2013 2014 2015 2016
mCRT 161 | 9.4 45 0.9 0.0

20124F &R, RHEAILETYE, MEH TEBBKEZE TRAMK. HikMEmEeIfAE
R ARRAET = A. "NPD DisplaySearch£& 3R BB 1T F 5% 4 s Paul Gagnon®E R, "
ERHRERERBETEL, OLED B ERRUT —REFFEARWELSESY, HEZTHHET
5 A RH#ER S E R A BN TR E S OEAKCK B, "
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> EREBAWTET-LCD 4Kx2K¥ i E7~¥-A 7] fedr B OLEDH) & 8 A3k
4Kx2K TFT-LCD

VS.

OLED

Mono-Color TV

20131 HSH G —FE— B EREFHB TR (CES) Lk, £BEMAWTFT-LCD
AIKRKW A~ GEREZHR) BoAEhkeE, DAEJUE, | BRI RMAEI3D. OLED
SFHEARNJUEZERE, BE2FICEASIEL, 2013FERIDIALEE,

=B, LGEATIRBOLED TVAA, {HRMEEF=KIN 6 MG 2,
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> AKERRBEFT —RBAGERBRFRESIFHEAR, KKrHEHITER
BAMERIAR, ECAAK PR R M 24KEN (FEEE WA
“Ultra HD”EB#)

> WMRVETEEFHRERISLY, Mer=d— R, THe “RERENNEER
KIEEM” . T — T &) BAE2013CES ERIAAANEMES RN, K AT IE—H
BEHTARER. BHIRHERE LN, 250528, FEHRERER
MAKRE, RGEERESF—RHELE.,

=EREE. “iAERFKEL” RZ: “BRTETIHHRNE”

v REGERiPhonel#T & : FHMEE: v 388 T 4K RN BEBEFR P IE
N o R LB A v

vV ERDMAK BB ARITIE —Fh BT VR AR v'55” 4KEEAE55X3000C, 6-7/5RMB |

RE: “REMEUBRBEHIRE” RE R TR RRE LR 2, ZRE

v REUKE B RIERS, BEARRE
FIEf, iEEREFR T 5ZHAMAIE
FARRIRRK.

v MERRIEAEES S, XM
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HE. LEHHSRSERS S E AL
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Questions BATUMIFFFTFT-LCDSOLEDEF AL ERHIFX R, UERRFIR BRI K

RS

Points TFT-LCDSAMOLEDA & # AR5 R M KL [ A7 7E

FARRBEAE:

o-Si (GESEEE) . LTPS (RIEZ ) .
Oxide (FMP¥£F4£) TFT-LCD.
AMOLED Kkt B PR EAEARK
HEEE AR AL FEEAR, WHNEFRN
XBAREREAR. BETEBAERARE
##, TFT-LCD5AMOLED#E LZHAM
FRERIE R EA T0% M) FE S AN LB
Eid R ETFT-LCDE AR EELTPSHI
OxideFRFE AR, £ KBAMOLEDH) A
HZ . GENITWVIESVERTE
B RAETFT-LCDFEAR LB T BIFiHe S
FMARBR, TRAZKB T —RESH
AROLED_E.,

OLED: M EHFMMUELT, RERIK,
1 6 ] i 4 B TV AR R

ToRBAE:
ERMNEAFEARBETFT-LCOE AR, PEB KK
RERI . 5023 BB TFT-LCDOE ARA
Et, OLED{3AtTrReMkib#Ii, BEZHE AR
R B A EILR = MmN B, hFEgkst
TRBAMEGIHF B . FERHLERK, &
AR BRI EEES L.

v 0-Si TFT-LCD R 3 = S Hu A7 ;

v'LTPS TFT-LCDFILTPS AMOLEDZE 3K it ] Py
B EEMNHF DR =S s
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MR TR AER: WA E—. PRFR CETFT-LCD) BRiEREXR

. ITEMRBIILENRFRETVREFRANIKE R ERKIRE; T HEEHER
TFT-LCDER, FER%Z “FEREEL” KA, FRH2013-2020F 28R E X RFRER,
TSR — HINLIE .

(M units) LCD TV Panel Shipment to China TV Makers REAEEEL R
8.0 744 7.38 '&%%%ﬁﬂ 3 W\J:
7.0 - B R A ] !

6.0
5.0
4.0 44—
3.0
2.0

- i B RR
0.0 T ———

Nov'12 (A) Dec'12 (F) Jan'13(F) Feb'13(F) Mar'3 (F)

129111, FEKXMHE S ERERREEEBCERKT7447 ), BRI—ANHABK
169%(M/M), H.TEIHEH6ANME 2 A. #IENPD DisplaySearch&#H i B B LCDRI %z
45 (MarketWise - LCD Industry Dynamics)iEzs, £4E11A A ER B R EER] SN
012 BRERFN—NHA4, MREERI2H, FE KM 7R & AL AR KR W& (738
J1 R VR R RFELE IS T 1% AR . XA RIWERZ KB AR A& 2mE, Bt
ﬁ:ﬁ%“?8.5 ut$F‘ gﬁ%ﬁ*%ﬁ“ﬁﬁ%ﬂ o Source: NPD DisplaySearch MarketWise — LCD Industry
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Flexible LCD

A flexible LCD replaces glass substrate with plasitic substrates. It has many
advatanges over LCD with glass substrates

» reductions in weight and thickness
« improved ruggedness
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Organic LED Displays
The Future

BRI RE PR E 2 (OLED)
What is an organic LED?
« It's an electronic device made by placing a series of organic thin films between
two conductors.
« When an electric current is applied between the conductors, a bright light is

emitted - electrophosphorescence.
« Discovered in ~1990 by Friend and Holmes group at University of Cambridge.

OWh

V=0

Metallic Contact —
Al, Mg, Ca
Polyrner —-
Si0 —
Indium Tin Oxide (ITO) "
(slass Substrate —

AR BESYOLEDE /MyrFOLED

hitt p: Mwwew. olight. com/dupent'olight'public ). Halls, C A Walszh, N.C. Greenham, E.A. Marzeglis, R.H. Friend, 3.C. Morstti, A.B.
Holres, Nature 376 (1995) 493




Organic LED Displays
The Future

Metal Catkode 2tc VDO

Ele:zton Transport \\

Laver (ETL) >< e
N / "
( . A \ i /
agame Emters = ( [~
Hole lnjecn —
ecting Ly ﬁ/ T~

Lager (HLL) — t
= Gilass Sshateate
’ J 9 \ l}'
vV

Light Output

d

N

To make the picture that you see, the pixels are split up into red, blue and green
cells (as CRTs, LCDs and plasma displays.

So what are the advantages of OLED displays?

FE B PA\ENRENBRRTIEAFIFERREREES

http:Awww. sensorsmag.comlarticles 202/led/main. shtrl ﬁ M E
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http://china.nikkeibp.com.cn/news/flat/73059-201412171612.html

RGB OLED View Angle/ACR
- |PS LCD Film+ Multi-domains
Local dimming (1M:1)
Cost Thinness/Flexibility

Edge-lit/thin glass

Resolution

Power Response Time
Consumption (<10 ps)

Lifetime
(Vvs.l)

Y. Ukai, SID Symp. Digest, pp. 28-31 (2013) (Modified)

Color(>100%)

LCD vs. OLED: Who Wins? '"2°
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LCD vs. OLED: Ambient CR

LCD Ambient OLED
1234:1 Dark 15700:1

| 30000 1x o
2 ¢

1.4:1 =

J.H. Lee, et al. SID Symp. Digest, pp. 32-33 (2013)
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Quantum Dot Materials

10
CdSe Quantum Dots C(.iSe Bulk A 10
Semiconductor
9 084
——— T—— 0.6
—_— O — Conduction 8 04
————— Band
£ 74 o
£ 00 5 — ]
[, 600 800 1000 12001400
Egon(R) Eg, g 6- Wavelongth (nm)
§
o 54 eooe
- — Valence 5
— 31 w— CAS w— CdTe/CdSe
:%’: 5 — CASe — [P
S . e CdlTe InAs
s CAHGTE/ZNS cm—
Increasing Size 1 — ! . 'g _ - F:bSe i
400 600 800 1000 1200 1400

Emission wavelength (nm)

Size 3-7 nm < Exciton Bohr radius— Quantum confinement effect

E.gi = Ezp + (;n— ) (] + : ) — (i) —> Larger QD— Longer A

S8R \m. my drcegeR
conf E., (40meV)

E

Blue LED — G&R QDs

G. D. A. Farias, “Core-Shell Quantum Dots”, in Handbook of Nanophysics: Nanoparticles and Quantum Dots 11
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Power Density Spectra
IS

o
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Intensity

WLED vs. QD-LED 7“4

Standard LED Backlight Spectrum Nanosys QDEF Spectrum

o

Energy
primarily in blue
and yellow spectrum

o
@

Spectrum

=
n

tuned to match
RGB filters

Power Density Spectra
o
o

o
N

400 450

G CaS(Seyzns 1. Blue LED: FWHM~30 nm

—— R CdS(Se)/znS 2. CdSe-CdS QD: FWHM~30 nm

. | +=+=+=+ G InP/ZnS .

Lo R InPIZNS (under regulation)

} 3. IQE: 90%; EQE: 18% (Th.~20%)
4. Non Cd-based QD: InP is most

promising, FHWM~40~50 nm
| ... 5. QD platelets: FHWM~10 nm
500 550 600 650 700 750 800 1. S. Coe-Sullivan, Nat. Photonics 3, 315 (2009)
wavelength (nm) 2. L. Qian, et al. Nat. Photonics 5, 543 (2011)
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LCD vs. OLED: Who Wins? ''"“"3

— RGB OLED ]
- |PS LCD View Ang:=?Ir/nA-l-CI\IllzuIti-domains

10 alocal dimming (1M:1)

/-
Cost /// Thinness/Flexibility

Resolution
(4kx2k)

Color (>120%)
Added cost!

Response Time z

(<10 ps) o |

Lifetime JE

Consumption

(Review paper) Z. Luo, et al. (JDT, 2014) 22
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