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BE:
Mgt : LED H bR - &5 %405 - BHERAR ~ ok

BHrapeREBTEEESRBHFERAR ¥ CCFL ¥ LR LEE AR EBTEY
B AL RARBE ) RIS o E&FERVEL LED AF RBINR &R IE T » AR E & EF
FREFABAEHUAFEZEXNEREKLR - b RIMRE S EELSA T A @R E LR A
MR RIBAE -

BHEELANARAREAZES  HEK BEE > 23 2L5E S HERE
58 ATEREHROAEZS > FEESGBETATR ?Jréﬁééu YRR © A3t E
BokE  EB _EAARRRA TEHBE TS RERESE - BEANBELSAORILERLES
S % LED 3 AR\ & 55 BRBM > MFANT AIRES LED RRD &R AR K2R
(Optical cavity) ¥ o LED ;E/RE A& & 69 &% R ILAE /1 $11K0h R 2 4% 8 > B4 & F- 7% (color
sequential) 3% 47 > R ;ﬁgq’iﬁﬁ 4 &8 %k (Color filter)f® AE 32 7 WS 89 R £ A £ KR89 &3%
$E > LRI TFI-LCD e RIREN - A MR AR HAEDRLR » SRS K
o RSB RERAENFR nERHESHENTFRBE TS BAE -

Abstract:
Keywords : LED backlight ~ Color sequential ~ Color filter less ~ Color breakup

Color representation in a conventional color liquid crystal display (LCD) is combination of
liquid crystal cells, micro color filters on each pixel, and a white backlight. The disadvantage of
conventional LCD is low optical efficiency and high power consumption. A color sequential
LCD reproduces each primary color component in a time sequence using LED backlights and a
fast response liquid crystal cell without color filters. Therefore we purpose a high efficiency
integrated backlight system to increase optical efficiency and reduce power consumption.

High efficiency integrated backlight has advantages of high brightness, low power
consumption, thin thickness, light weight, high integration, and high optical efficiency. To realize
such an advanced system, the integrated effort of the progressive techniques in displays and
circuit design are essential. This project contains the optical and electronic domains to enhance
the performance of flat displays and to increase integration level. This novel integrated backlight
concept incorporates a high efficiency LED backlight and color sequential circuit technology for
impulse-type display. LED light sources are integrated into a high reflectivity optical cavity. We
can expect that using LED as the light sources gives advantages in terms of color performance
and low power requirements. Without color filters, color sequential technology can more than
double optical efficiency. The novel high efficient light source with the corresponding color
sequential driving scheme is investigated for high brightness and low power consumption. This
High efficiency integrated backlight will be pursued for being greatly integrated functions of the
flat panel display.
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1. W&

PEmBETEAERE YRR o ¥ A TFT-LCD & £ 4770 & » & B
AR IT W35~ THRREERA > TAABMCEETEEMEY - BAMEER
W ey A LA R — SR A R TG F e - B TFT-LCD #£ 4% F 2
10%89 2 & RA K2R L FFIK) FRLE RIS E TFT-LCD #1892 :R
Ao RFIEM A UARA BT B~ IR RBLERBIRARAL BAZ 0 B
BB R ELS A BmIRAR

BATH R @ e 45> 7 CCFL R A X > B AR B R~ TR E S
BUEEREH ARG - AEIAREAIRMNE - BELERERE /LM
IHBESeRERTEERERASZG AEsARBRDE  BEARROE
BRAEN LB B TR 53 o sh FIH AL FREFRF 4o AR B U LED
E AR KRR LED sy BEAEAEZd &k &AF > 3-15V QRBETE -
sk o LED B A & &4 EAR B fo i R ey % & R £ 14 #(color gamut)4F 14 > MU R #
% 8 &, % B8 5T 5 /7 #9 9 38 & Bk (tunable white point )% /B 2k - 24 LED HXiR#
optical cavity &4 R @R LR BREELSA @R ALREA TFT Z 2/ 5450 T
HRABEES B TR ERE Y AR - H0E -

¥ &ilEkh & TFT-LCD t R ko) R B > HEE LR §HELED 66%
KA E > w LR AIRBEF LR AL EEARE 10% - Bt BERLR L
TFT-LCD &k R oy KR % > B E B E @Ry eVBrs g » 145 LCD £
e RIS LB CRT 55 » AL RHF &R A& R &4 CCFL L R%E LGB %E
BRE o ZHE KRR LED B4 CCFL @-TEaRdabsbEulfe R £ 4
BB EBRLRBAENREFTERARERABCELR  BREFLEEI
WRBERAEERAR BERDALER E R ERIE(>125% NTSC &3%) B
&y o

&, 7% 7% 5 88 5 % (Field Sequential Color Liquid Crystal Display »  FSC-LCD)
B FMAARREYE  ERBMLEH T L BrEEHMHWR-G-Bx=
BE &R FREHENBL FMEEXERRR LB TRITHERRSE &
MR 2 G ERBEIE - FERMHRAE  EEZRRARRIBATERNER
M gE o KA FSC-LCD A 18815 69 %1% 4~ 4 — &4 8 (Color Breakup,
CBUBR % - ZFARERE AP N£E > P F—FT@HR-G-BFET@mHLH
EANBRREBAORLERE €ELAESGRCHEMNR L &R LK E LA
B RAGmE MRS 0 BRASIPH G BER X 0 R A Z FSC-LCD £ % fig
RS R LB TSMEZRMsE -

AFEFORY “SREELSA@DRAR HABRBRASEEE AT AEXE
FATHE T B BRARZFERRGPIAAMRE ZRFELSA @ARLR B R
FRME CERBRTEAXECELR T A - E5BTRNAEETF A4 A%
B RER > LRMEREXEAEABEERTHEGATE RN o sbsh o SRR
FEFELERBBETEERZENBRALRR > BREBRARERIERRET
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TABIMH EBERE L R BB EBRTRASAKRRET B AL &L
Boih BERNEIRTEMELALZRAALKLLSAEHEIN - AEH AR
B WA ES RS THH - WA T AL 0 T SRR S R
AAEBEER  RAKBIRMAE  FTER AR EEGHBVBETLRS -

2. MR B

RNEM R B 2R TFT-LCD AR s LK) R4 > AT @ F
RABEIY ETEXR AHFEEN TAYZGERAL dHmERTHAREN S K
AE R AR mAR AR 0 H 2245 L LED 2 kR4 A % R 4t & 4y optical cavity & &
MEGHES T A - AR 3w E %P EE 7k (color sequential) 3% 4 0 AR
£ R-~G Bk @THERRANER » R EEABIBEAKEGH EJE K R (Color
filter) > B TR ZH AKX FHBRBEERFRLEREM LA ZHMN - &6 TFT
24 R G 4E M > 4 LED ¥ b8 4a 91 5 R 4t & &) optical cavity 25 8w S H A2
PR F AR A AR TS R LR T REA EEIL  BEILZEE o R
B ESAHERRED RGBT AN E—F U E T RETENRA
B BB FRBETERGES R LRAELESE  HRIRLEA K
B> R8T EEDOBRF N FoMmEE - B AT LCD 093 & 5 E7 & 4 AL R
HOROAETBE -BESBRHERASEHEEEE  REFEVEBETS
(Field-Sequential Color Display, FSC Display) &) A% ™ & » B8 =547 B A & R
B /a8 -J%F -THEBETAECHE A GYE R E AR
DEHHRERD ATERBERAEHEZHI - DT ARKT ENEZE
Ao LA3RBR o

BAAAASZ®RBET — BT AREAL > 4 LED R RESH T ARBEA T
oo bR FiF4aF & LED AR LS AT S48 > b7 LED s93t K A B ¢
# optical cavity BA & A BE » o424 LED BR4&E1EB 5 R 4 £ &) optical
cavity Rzt B 355 0 A o # d sbBi B o A7 R 3T H LED &9 & & A 82 optical cavity
P R & oA 6438 S JR IS o BT o 3T B e e Ko~ K 8L R & 8 o
A RAEAF AL R ST FoA o AT S0 0 S R IR R S B B R M R R
FARWYBE - & 5% (color sequential)B& %) & 75 64 18 25 £ 7 BAX S &8 & A (color
filter) R O R RIE i > N K BB AR A LCD BERAZ RS R E
2RE-Rsb AR &5 5588 LED ¥ LRRERFEEALEEALR 9B 8 -
BB Lhix b AE AL LR 46y F £ 49 CCFL % A 40 2 At BAT A 45
MEN  BERRBOSZBECEHERESFEAETRBFREHERIRLTE &
4 TFT #izAa Beh a5k IR R F AT 5 B2 8 4ER A6 > 4 LED 7 kM
4915 R4 % oY optical cavity S8 A TR BT FATAB AP AT S
WAz LR R AR EA AL - i B2 AR T o shsh o BERER R B AR S R
TR FSC-LCD 2 & - A RAH I Hl & o R R Ty ik o
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3. RIS

g% LED #4269 REF B3 > # X ey LED A b R (/W) e X 1&de > & &
4 5% LED /£ X ik £ £ & 3|32 33 CCFL 89K # > Jotb— 2k > 24 LED 7R R BAX,
CCFL th8#2 045 B 7T 4F - et LED #HE AL - FHMEEHBER A
A A A Fo i 5 A LED k35 0 & A L5 6 - B ATzt i 44 LED
B IR AR optical cavity 89 XFKAR % 0 HE B 1@ o REZEHA
LED R G BEASEE M > HEHRAR 20 K > wE 1(b)> &HEKE
&9 optical cavity (/T4 43% 3> Fa My KRB AE R A XA A K& RAKER
MEF o gbsh o LED i bAF Rty B E—EAHEANRE
A& ey LED & FZENHERNAZERREEEN SR o URRA AR
TOoOUZENFEAML AMBEXRSEERIERR 0 L HELE  BAAN

optical cavity # &

1(a) #4473 LED b)Y E A~ & HE

4 optical cavity #94 & - £ 2 A B T M 7|3k 7| LED Fofal 2% £ 5] 3k 7 LED v
o ATFAHF LED > 4w 2(a)> #% LED $k7|7 k2 F > 1B 252 &8585
B E ARSI TREERT AB AN ES  SBRTRRENE AR ERE
B3 Rk e R o MM FIPEF LED > ko[ 2 (b) > #4845 CCFL 7 L a9k
WM RRAEBRM G > LAEANFTRRE BBREETH L BBRTEREY
HMaEBERERITHINYHE  RBELR TR THEANES -

2 (a) EFMEFHEF LED (b) ke 7| HE7] LED



ERTEOFMARAILERER  ERBEAYHYENFET > BEALEY
LED #B 4R —E@mR T » REATOBM T > HR Sy RHHEMEEE R
F o B A RRSARFEIEAERY  RIERFNEETHRSD LED
ERE > FIRFRDHRFH  EFEEHBIMAERAEFOHER AR > TAK
A E - HH7 L4 4] LED KR4k B RGBRGB... 898 5 1 1%k 64 £ 48 15 B B
i EFEa e Frrac e LED Mk e ~ & & LED AR R - #4138k - i@
i o) B R b Ap) 2 7T B LA AL o

&, % 7% 5 88 5~ 5 (Field Sequential Color Liquid Crystal Display »  FSC-LCD)
BT RIEAFA ZR EA ABRRLY G G905 M A5 Ar 34 6 £ R 3K R e A7 2
OB BAEBRPEB AL CHBENRINER RAFB et 265830
%.(Color Breakup, CBU) > sb#afs € KRBT B B4 LY > ARFHMBAT -
TRTREE REREE R 5 » R —EART LRI SL - b & 5 #(CBU)R LB AN BE
PABRAIAHEGG > ARBHRERFRNBETSNERRE Kot BEER
BAREE LR > B 3 AT o

3@ERE (b)A A # € o5 & 4 49 CBU B4

X EREEFERGBTEEESERLNEREI LA MBETESNE
MEHIEE AR L EREGIEANMEBERGE T BMMAE T AT F4H kAT
FATVE B A2 -

B TENEBRENESR
RACHEE RV EHEFN - ERERVHHEHWEME - LB AT ER
4 B 7t (Digital Micro-Mirror Device, DMD) & K & i 4R 4% 4% & 5] B &%
(Color Wheel) &) 5 5 #% i €3 ] 4% 69 4783098 £ (60Hz) » Bp £ — B 1£ 85 F N
SR2AMBEN (/% /8 8) £ TBREERZ  BBEREE
e R HRRA RSB HBRBEEMN T > HRZFEFHobhR 2 FER
oA FSCHM—AREAEALCD#YER -



EAREbEGER
B H e =B &3 (RGB fields)¥ » #EA L0938 &35 > o # &(Cyan, C)3
% & (Yellow, Y)35 > 45 & 5 BEAG AT AZ B3R 4 R A EERE
L RV EARRE R AR roa) kg o

Ll s E i g
AW EBAHEE DR A RARKRESH B ROBHEE  BEREE
mAERBRIRRE  AELEGYENE B 4 WBAREFRAR
FoR P RIREE @ L e M emEES R &R - sbik
B EREE X F BB E R RPATEE AT 2R -
position shift

Time
observed

colors
4EHEEZRAETEE

>

=

)

e n B %4 FSC-LCD + » A TEEZREARGFAT » RAEREL E
DR EEERMBEL TR BRATR Z AR AETBERLROBMAS AR
ST RGEMBAE  w EHX A R R ARG RERR RS E
MIARA — AR - LI B BB L SRFESHHRELREHES)
AleSRERENETBERREE -

4. BRIk

AFERE T Ay EMBERLBEE  RRERK 267 LBTS
EHPABIH LN RALO T AHARBBFBHEHELE 5%
HARE ROKEES 1009 B S THEHEAKFRARSZRARER (4
%>50% ) RAHEIRAR (K 67% ) HILE A H L AR E M AT £ ¢
UEFHRBRRIERR - RUAKERAMBNKGLR o s 2L LED #8 kiRE
ABBAGBZEL  NFABAZERIRE - B AN B A LR T %
st BTHIBZHIEGER - HT 2 BARIOBGREF ABMEE 6 77
)4 % & LED (RGB-LED) # 4 % £k » BEEFFE - M2t Rk
T URRBAR BABKH A EH D EAR KGR -



Flux

Polarizer . . ~10%
[ Colorfiter | I NN NI  [(ENENEE '
oD oD oD oD o > ~34%
LC D D D D oD D
_— O O O O o o,
: ~40%
BRIl 100%
Diffuser lower= —]
Diffuser plate ——
CCFL o o0 O O O O O O
Reflector
B 5 EagbiErSEERE
Color sequential

Full color

Sub-wavelength grating

LED Backlight

RGB-LED
- - - Micro Optics

B 6 SR M E T EE

SR % A CCFL # 4 ¥ RRZIR BT 5 0 7T 408 F L RIRME 8500 nits
B E R BBE TR TREETE LA 800 nits o B4k~ 800 nits &9
HATE HEANSHEEFLEAMET > 2 FIAE 1650 nits BF] > ko @ 7 A7
e BMETZ o ML HBEFAB AR E RGBT E > L FLRA F A 1650 nits
Bp T % 2018 4 % F RAT4E 8500 nits By kB o sboh 0 A SRR R RER
AERIEXRR DAE K FRIA =4 > AL REMEAERAGBER(GEEKEY
40%) » RGB-LED #F # & 75 2 & #24% 2650 nits Bp 7] % 50 4% 4 3 K R4 4% 8500 nits
B e - Hth  BAXRAEF A > TREBRIA K E -



CCFL

Polarizer Aperture LC Color filter Analyzer

8500 nits X| 4006 X 5% x % x 5345 x 0% =800 nits

1 1 1
P-S Without Without I
conversion BM Color filter P
RGB-LED l l l Mamtinance
1650 nits X X X 95% X X 90% = 800 nits

T SRR TAE AT LA FE LR

44 LED % R RATRIT LR E 8o M SRR 2 37 v Z KR
TH B EERREEE > BB AL 5.6 2 E AR T4 0 % 3%3T LED
BRZX A R-G~B LED Fa#tn 3l 4 1224~ 12 - 2 DR 2 B8k
ISR AR AR R 39 4 B o BB E KRBT R R R LR B
BB 84 LE > bR G wE 8§45 TE b —BXBTE
$ 39 4 B BRIt -

5.6” 12cm x 9cm x 1cm
LED 12R 24G 12B

PMMA

B 8 & kir#EL LED RAES ik 2 kst s R

Fe R FRAMIRAG R R PR B KRR E S A SRR S A K
Mz AR (B 9 R ) ST TRATHRTT RS K AMB E > B F
gt i gS  EREFBETHRLBBAFELEHLCDBLR 174 -



P rays Sub-wavelength grating

e plate

ive sheet

9 Bfis R KM H e

WEREFRABORMTEZ M EREARTHHGERELZRA &
F A9 F32 i A A ks Ep (Nano-imprint technology ) #% 47 # 48 K R~ Rk % & F Mt
BARZFH* -

AKBEPEMTEZLEAE 10nm AL Z LB RTHREREEAMZE
Koo BA CBEPRER S EERAMEEY  HEMHEN TG OH
FEE - BAEZRNEFRUEBEAT X AMBRETRMBETETY X HE
A= B RZEFEBAERR B+ 5B B o sHHLRlsay SRk
B> RATBOR B AT A IR AL H 4T (Sputtering) R £ R A K BT » F X4 F 1 %
BRI E TR A REENEERAILRE BAABESR I X E
oo B ERZ B R (kB 10 FFR) e

layer thickness:50nm

Al 100 layers

E sputteringi Zn-SiO2 100 layers

IS, . Polishing |

B 10 KRB B2 — s R ok

W Al
O sio,




ot FEHEREMZRAELTER A= EAEFT X - Hh kT A
FH2EARBMT TR BB B H R EME PCHEe9BA= B 11 Aiow o
HHARTHEAMT > EHZRREBLE T RAGHRAF R > $UbExTEHRR
ALK RMERE o BB ATKRATH2RE > RXRBH A 400 nm 2 5 KA
f= o b EMZ MR ANEH 2 BHR T BATa K S4B FaAFMm TR
100 nm Z & B(THIR A BAT) > 2 THZ RN E 4 2 ARBAHT > BIRETHRiRE
VER KM » T %A & o AR Z MG R <200 nm) o

Objective Lens

PC replica as nano-Mold
B 11 AR EE —FHuwk

B B =k B AR R MABLA= 1% 0 B R ENED A BB (PDMS) B 4= - B 4T R KR
Bp Bk EH B AR RRR R AMIE R e B AR REEEMEBRAR &
WA TE 12 Aiw - G d AR ElsEdE B e Al B8 SiO2 i » Ak
f bRk e E PMMA » 3% 04 PDMS B Ep » 238 UV B 414 » AR A
H 25k 45 4% 4% PDMS BUBE /% 0 etk %] PMMA % % 8 > Bekz] Al i £ PMMA >
TR RO AR R BAE -

PDMS mold UV blanket

PMMA Etching
R Quarts
PMMA
I T (e)
sio:
Quartz Quartz Al Etching
() (© .
Release agent Quartz
S mns nnnnnn «®
<«—— Residual
T
Quartz Quartz i o E——
(b) (d) Quartz

(g)
B 12 A%k R Ep Rarz| Halr AR K R AMIB LR ZARE

P E T HEREIAR T E > BAER &5 RH4# 18 H L Color Field
Arrangement method(2A T f§ #% CFA method) » # #L4& 8¢ 3445 1% 12 4§ = 18 frame &)
F&3% > £ A RGB GBR BRG &4 &35 3k X > &35 X4 130 & AR 48
Bik B IR E Sy e ng > i 48 = 18 frame BL RO B R AEARREBE LK R 6
SEEIRLER 0 B 14 3R AE4E =18 frame AR EE 2 RI1LBR o TRE D EEHY
BEGaer R 2 CRHER > BRI AL TERMEERE -
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(a) ABKEFFASBeY & bar

1 FRAME (1/60 sec) 1 FRAME (1/60 sec) 1 FRAME (1/60 sec)
RSF GSF B-SF GSF B.SF R-SF BSF RSF GSF
1180 sec | 1480 sec | 1180 sec | 1M80sec  1MBDsec 1480 sec | 1MB0sec  11BDsec 17180 sec

(b) CFA %7 &

pixel Mo

n-1
frame

time

n

frame

n+1

frame

S £ R S | | A P A
I I I I | I I I | I | I |
L s A A I ) Ry R A E R R

1st frame
(a) RGB

screen coordinate

(c) 1 B CFA k85 » ABRIE IR 58 oY F 0 3548
13 CFA 7k 84 5 #7

Image at retina

2nd field 31 field

2nd frame
(b) GBR

&
&,

3rd frame
(c) BRG

Color order

(d) Integration of
three frame
image

(b) G,B,R

Image on
retina

14 iB45 =

18 frame AR IE BTG bar 2 7 48 8L ok, 1% 37, BA
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R bRy AR — 53 B ETFIHIEEMBMN S0HZ 65 - B 13 (b)7 40 »
sk ay sk & F &35 RS R 4 B 36Hz (1 S0Hz) » NBRF ¢ 5% 2] & @ A P
(flicken ) R 5 & > WRBARBWETFEGZOHAF TR > AR ZERESH
frame » 4 %] %4 RGBR > GBRG > BRGB  pbik 4k & F &35 h 395 % & S80Hz » 4o
15 o by XA B R PIMR KB A > FINERETBRAR -

1 FRAME (1/60 sec) 1 FRAME (1/60 sec) 1 FRAME {1/60 sec)
R-SF G-5F B-SF R-SF G-SF B-SF R-SF G-SF B-SF R-SF G-5F B-5F
1/240 sec 1/240 sec 1/240 sec 1/240 sec(1/240 sec 1/240 sec 1/240 sec 1/240 sec(1/240 sec 1/240 sec 17240 sec 1/240 sec

BN EENY BN B =

80 Hz " 80 Hz

luminance

retina coordinate
15 ##t RGBR ° GBRG » BRGB &35 % X R o &R

LB EE SRS T @ — KRBT SRR IAF £:E3] 60Hz A 7T
1 NBRRR Ao 4 6y %1% B sLBp 4 & ] B 09 = & & 5 (RGB)FSC-LCD w9518+ &
&mis/AiEE] 180Hz - f2— R FE A B TERDBEL R 4EES 60Hz - B b
P xEEA# FSC-LCD @914 > R AR E — F AT AT MR #E
FSC-LCD %z B CBU 3 £ 898 e 82 %1% -

BABRMEH LB AL BEREZEF TR —BERIHELETHED
%> BREEPE REDBEEHRE - BERAE  HELEERHOBESR
AL E > B 16 Fiow 0 BAFESZ mA A —ARBER S L 60Hz #E0E k > Bl
¥4t FSC-LCD &) fe 4 88 2 %5 1% -
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l I » panel coordinate
1st-frame ™ .. ----ccceacaan MELssrrsssseserarssesess et s e rerRanT ey

v lxels.’frame) l

2nd-frame §--- l .............. I .........................................

3rd-frame {+-+++ ™ .cucnnnnn e e

16 #:4% FSC-LCD # e 22 T &

AR AR A HE 0 BRER R A 1/10 £ (6 18 frames ) DA AR T G &9
SAER o B RWBE 17w MERBREHAAMBRELREFIUT &R

# #1E F K (compensate)#y & 7 > e 6 kR %1 ¥4 RGB & 54
(-F % & 180Hz #v 360Hz)48 tL#x T > & o6y 3L % A BA BA &9 2L % > 12 RGBG, GRGB,
BGRG, GBGR & ey R#E £ RALS LT DHEMEREDE - AR
RGBW, GBRW, BRGW & 52| kEa R RALTHEME R e 3R L
“EBT MR E SR LT R -

e 3% AFI 78 58 4o 2 T #] B WRGBW, WGBRW, WBRGW &, 3% » #4 T 4240
BRplerdREEEZ2E RIbHnNMe e nsi g8 24 e sban
TREEBRIFE R MRERILEF A E Z300Hz 2 FF @I % # FSC-LCD
M ARR B EED -

FGBEGE+

RGE. GBE, BRG+

RGEW GERW BRGW+

FR.GEG GR.CE, EGR.G CEGE..,

WERGEW WCBRW WEBRGW+

17 LAAa 430 #h A5 3 &8 10 7 X 42 FSC-LCD &) & 8 %45 i & A 09 CBU & R
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ABERSAEAH @ 0 4k 5.6 v FSC-LCD % B4 49-F 4 » LCD #1424 47 B
% QVGA (320x240) &% % 24 bits » & 1 38A 5.6 »f FSC LCD #)rp gt v %
Ko BALNILIRE B B 6 BA7 B A VGA (640x480) > M LCD 4 #2417 B % QVGA
(320x240) » B pbFAF A7 L 6 IR FIRH o Wk SAHRHME A K241 %5 dh (optically
compensated bend * I F f§4% OCB) # X &k &> BHEEA Bk R EFR 6945 M -

k1 RS @mAREE

Saurce D840 x 480 @E0Hz max

Display Feasojufions - 320 x 240
Size 5.6 Inch

Celf TET,OCE maode

LT Invarsion Frare invarsion

Data interface Digifal Video: Behannels by 8 bils for RGE each
Source Driver 3 pixels ioading af ane clock

SDRAM G40 X
Clock SONIHz(20R5)
Gate Ling Sus

Charging Time

A&iEHBIEE Verilog £ » THZE Xilinx 388 2 3 FPGA > 53] 5
Timing controller & LED driver controller » 3t 4% f % F] %1t © $51% &g & o 5
¥ %] B #2 LCD driver 23,4 LCD k5 # £ & #4& & LED driver &942 #] ¥ 7 > 1%
# %) LED driver - ] 18 A Z2 43kt neER -

or
ngement

[(Coag oot ‘ \ I -
[o]g] | = = . %

arrar TCON ‘ \_
FF’GA{

]
LED Driver |
Controller |’

I
fommm e ‘I;; 'LED drivers = LED backlight |

GA
*ﬂ System module
Y

18 ZE#EitiA AR

L)

SR

-

LCD panel
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OCB #X &M A—RIERRYREBTHER > BEZRA OCB W E
& A% Bend fE #2337 F # (homeotropic) sy #k B2 i » 4B 19> Mz mAEHKEH
HEERERR > e fthikbnik » 84 OCB A £ TRIRNEL > B R GE
A P 3R R %) iR # (backflow) 89 37, % mu&ﬁhﬁﬁ*@ Yo R Ao 6 BRARH

B% & B (critical voltage » V. #) 2~3V) » & #74% Splay A& #2 4% 2| Bend & -

= _ || ==/
) \ \ \\ Free Energy diagram of Splay & Bend state

o \\ \

____ StoB 2-

transr:ion £-0r -

— o I — Ben
- z -30 Ve —— Splay
—r— E _40 L

== // // =50 ¢

== & 4 Il |E°

0 0.5 1 1.5 2 2.5 3
r;;;;; ® ‘;:;1-;\7 4.005Y TO0006Y Applied Voltage (V)
Splay state Bend state

19 OCB LC cell #k RE 2 2

R ERGBETSOREETRIY L EAREEI YN BEL £@IEERA
60Hz> &l iEh ER R FE R - % BT E®m FEFEmia% 4 180Hz

o[ 20 Fiom o LARAMERFEET R

B SDRAM
Field rate
G G 180 Hz
L_8 |
| |
Frame rate FPGA
60 Hz
Control Unit

B 20 &5 & keF P B
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e L AR BT AR A RAVEM TR A A BIPHI PR & £ 69 & 5 5B
%o hofE 21 3 v —18 & 359 BE¥E #) £ 7U(CFA control unit) » 4 %] 2 3k &A1 &
By KK o Lk 4E =18 frame 89 &35 H X & RGBR, GBRG, BRGB %4 » it
EHE A EEwE 22

BANK A BANK B
R R
G G
ﬁ T
24 bit 24 bit
datain dataout
| DATA CONVER MEMORY
24bits _» 32bits SWITCH UNIT |{ DATA BUFFER []
clk pixelclk
reset ADDRESS J Kl s
Vsync Y Scan&LED subHsync
Hsync Driver timimg LED
——
CFA CONTROL UNIT

21 &R PRIE R U IE B A T R

/51\ { RGBR |

|

End of

| frame

Frame Colororder] 10 | GBRG
start flag eterminatioj \
11

-*

L4

BRGB |-

\

Counter:

Counter will switch to next one
as the state is end of frame.

22 eI R B Uk
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5. R A%

AP ey 5.6 vt S HATRRE S R E 23 2 k7| 18R & k8549 RGB
duty cycle 4314 219 ~ 19% ~329% > TR % A 2740 nits » LED FR#£ A F A
7mw,mL%%L%%%ﬁ%’m%$%9%WoakdﬁDz%*@%Eﬁ

R AE /) A 378 nits/W o LbE AP R Z 5.6 v HF AR A ERER(Z AL o
mRmm%%&ﬁ%\ﬁN123zﬁ%)%%%%ﬁ%ﬁﬁﬁ,ﬁkﬁw
G RAVOG AP 2 3T P A AT > HEIRAE 1 4 A 40nits/W - T2 0 &
A PR 3% 3t 2 3 s st 37 v ad o 35 F R4 2800 nits 25k 55 B (KA AT 2 2650
nits » SRR R AR % % CCFL % 54 4842 4 8500 nits #5220 45) > A7 % LED zh %
2 TOW > B b BRI > LEHE B 88W » sk OW o

Efficacy can be derived to 40 nits/W@37".
B/L of 2800 nits* requires 70W LED power (88W total power**).

500 4

378 nits/W @ 5.6” fﬁlsn Diff 12RBZI;T:III12DBBEF D

_ ] iims iffuser, , -
% 40 measurement Cavity thickness 5cm
< Frame rate 180 Hz
g 9001 . RGB duty (21%, 19%, 32%)
£ from Luxeon™ website CIE white (0.312, 0.330)
2 5004 Brightness 2740 nits
£ Total power 9.05W
§ driver efficiency 80 %

1004 Source only power 7.24 W

40 nits/W@ 37~ Efficacy 378 nits/W

0 T T T T T T T T

5 10 15 20 25 30 35 40
Screen Size (inch)

* spec. 1/3 of 8500 nits **Driver efficiency 80%
23 BERiE R 2 $IE - KR Luxeon ™ 2 T4 81 2 B IR 4E H DA

Hibeh 2R 5 Ao B 24-& LB 4 % A RGB B8 2 2 AL ma Aey by
W 2R PRIWIREZ RGB 538 AR RKR G AFHER A - hER&E
RBEBRITELREHGERI - ZMTETRIEZR(E 24 2 TH) > &ERT
EHEE 20 g TRt BT HABRLERZTETH 2T HEELME
4% » L NBR R AE R A0 Z S0 - AT E R 69 A & 35 B BN E R 30 &
EIR M AR NTSC(E 24 & FE)- Zbo Sk BARZ R FHF 7 OOW »
3R MBI H F A A2 R = 42 24 F(8500 nits / 2800 nits >3) » H4b ik AE 2 B
BERTEN— R -
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3000

2900

2800 .

—LEDs

Viewing angle: 35°

2700
2600 4% decay
due to heat

Brightness (nits)

(spec. 30°)

2500

24 L E R &R 54 E

EREEAMZAEB-ERT @ ABERSERDEAELES 50 nm
(A# A 100 nm)Z 2k #4= > £ SEM BB R B 25 - M A& 4 20 R0E R AF A
400 nm 2 PC =R * £ AFM B 4o 26 - fe b C8aE T Mseagii—
VEdZ AT - FERA T BAR ©

100nm{

2100nm

before SiO2 etching

NCTU - IEQ SEI 10.0kV. " WD 12.8mm

26 F 4t %R0k B AE 2 4= SEM
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AT ABALRLERYE > EBLERANFFEE 27 EAE®E
FoRFRIATFT) A 1.2 ms » &R & RJEFRH(GLC)A 1.0 ms » ¥ B2 & 8F ] (tLED)
% 1.9 ms > st A —1E8F &35 H R ey F k) (1/240 s) - —18 7 2 &y frame &, 4 b9 8
TenREDPHEES 60 Hz - K FE LB 28 F75F 0 £ Im/W R 715 = 4%
RE ERARVERLR > MRFERTRIZE20% - LLBEAT T HZHX
E-HFAAAABLZERMANBA -

n-1 frame n frame

n+1 frame
Vsync u J J
paralel RGB(n frame) RGB(n41 frame) <
Data
addressing
timing
Backlight
timing
27 4-CFA #8805 5
Backlight LC panel Display Response Field
Coupling eff. | transmittance Power Eff. | time (OCB) | Frequency
Conventional o o 2.36
Color Filter LCD 60% 7% ImAV >4ms 60Hz
Demonstrated
¢] [+] —~
5.6 FSC-LCD 70% 20% 7.8 ImMV mms 240Hz

P0G OBOROBOBRRE T

LI T LT L LT LT T R
(T T T TR T T T Y B
LA A L L L L L Ll LY 1
LAA S AL A LTI I
LA LA A LTI T
LA AL L L LT YT 1T 1 e

- _ |- ..r-____-----_ < 1 230000002000 0R0 s v
Setup of 240Hz 5.6"FSC-LCD Sequential B/L (Red Field)

Full color 240Hz FSC-LCD
B 28 RAMF LALERI M E L
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AABRRABR S @ EAE 13 (@288 4G bar L ép8kR: 0 HRETA
BRIBPFE A58 T 89 G bar 0 A AL Fw B 29 (A BEEGEEE S
RE > BRRYRMEERFEGER - AIKRMANRERE @R TAAEL RGB &
Bk iR s BAT BSAF L AR INE A5 8 7 69 & bary 4oy R F A4 B 29 (b)
PR REIFHR GG e EREARE - WERER T A AAOTARFE AR - &
2 B1E A CFA ARE4REEAILBRABRRIOBEGMBELZLEMLBRER &
FICFAMBE T ASREER L mEHHBRE K > L blur s) TE AKX -

(a) (b)
2 (a) £ &3 F X2 B ROV AIES) &5 k2 W iE b R

% 24 A CFA R MEEE EL B AR R B E MG LB

Velocity 1 2 3 4 5]
image color pixelfframe | pixelfframe | pixelfframe | pixel/frame | pixel/frame

White bar blur X 1 pixel 2 pixels 2 pixels 3 pixels
W=15 pixels | CFA

CcBU X X X X X

RGB CBU 1 pixel 2 pixels 2 pixels 2 pixels 4 pixels

Cyan bar blur X 1 pixel
W=15 pixels | CFA CBU x X %
RGB CBU 1 pixel 1 pixel 2 pixels
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FHLRR % e kR 30 (a)k CFA Beghx B 30 b)eyire g 24 % - (2
SE ik B3R % A 180Hz 0 CFA Bed)ik ey & 3598 % % 240Hz - B ¥ RA
& £ # %4 RGBR » GBRG * BRGB ¢y &35 % X > ABRRAHFEE LN TE
ERERNEFEHEELEE -

1 field(=1/V)
{fv : field rate)

(a)

1 FRAME (160 sec) L 1 FRAME (180 wec) 1 FRAME (160 wec)

C FA RSF GSF BSF RSF GSF BSF REF  GSF | BSF RSF GSF BSF
780 o 1D SeE VA0 S VRN See[VEAD seE 1740 see 1240 see 140 Sec V240 ser 1240 see 1740 see 1740 see

80 Hz 80 Hz
1 fieid(=1/fV)
(v : field rale)

(b)
B 30 ABRER 4053 A 51 2 & £ ]

6. stEBRABF

A ERRREFERRY CIRAR TR R & AME R BRARELE R
RZEGBEFT A EEH - RGB-LED &/ kX EMREE W BT KBRS
W e 4 2k & 1 = 42 24 (8500nits / 2800nits >3) » H A AE X BRIE 45 B o BB
BAT T AR TR - MR R AMB AR BRREABARZETR KT TR
BT REHGBABIAE 17485 > HRAVIFRE 2K R EAE X R TRk &AM
KR Z AR AR S0 B R BA= BT AP AR R AR R B AEA
£ 100nm 2 2k B 4= 0 1 F 4 2] Ak 0E 4 €3 s B H 400nm 2 2k PC 4= -

HEREMET BAIEFEZRRARERAME R ARTRAT A B2
B EFERAUEG*LT =5.1)c £LER BALTRTEFEHRRGBRR
ek B EH » 34 5 H &5 #(Color breakup)F A2 » 32 th A il & 5 A8y
EXRHARE T ik ERBA TR TRENTR SHETHI EAEEARY
BRERBERET  HRESHERL =S ERF oA - TRET AR
foE D P ABARR > ARTEAZBEBE TR REILT RIFGEH -
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C.-H. Chen and H.-P. Shieh,“High Uniformity of Large Size Backlight
System with Inclined LED Array,” International Display Manufacturing
Conference (IDMC), pp. 407-409, (2005).

C.-H. Chen and H.-P. Shieh,“Inclined LED Array for Large-sized Backlight
System,” Society for Information Display (SID), pp. 558-561, (2005).

W.-L. Yang, A.-C. Wei, and H.-P. Shieh,“Combing Interferometry and
Nanoimprint Technology in Sub-wavelength Grating Fabrication,” Taiwan
Display Conference (TDC), pp. 352-354, (2006).

S.P. Yan, Y.K. Cheng, F.C. Lin, CM. Wei, Y.P. Huang, H.P.D. Shieh. “A
Visual Model of Color Break-Up for Design Field-Sequential LCDs”,
Society for Information Display (SID), pp 338~341, (2007).

Y.T. Hsu, EC. Lin, C.H. Chen, Y.P. Huang, and H.P.D. Shieh, “Drive and
Control Circuitry of OCB Field-Sequential Color LCD with High Data
Rate”, International Display Manufacturing Conference (IDMCO),
pp-435-438, (2007).

Y.T. Hsu, EC. Lin, C.H. Chen, Y.P. Huang, and H.P.D. Shieh, “A Field
Sequential Color LCD Based on Color Field Arrangement for Color
Breakup and Flicker Reduction”, International Display Workshop (IDW),
LCT3-3, (2007).

C.-L. Wu, C.-H. Chen, FE-C. Lin, Y.-P. Huang, and H.-P. D. Shieh, “A
5.6-inch Field Sequential Color LCD with Less Color Break-up,” Optics
and Photonics Taiwan’07 (OPT *07), GO-004, (2007).

E-C. Lin, Y.-P. Huang, C.-M. Wei, and H.-P. D. Shieh, “Stencil-FSC
Method for Color Break-Up Suppression and Low Power Consumption in
Field-Sequential LCDs,” Society for Information Display (SID), pp.
1108-1111, (2008).

C.-H. Chen, K.-H. Chen, Y.-P. Huang, H.-P. D. Shieh, and M.-T. Ho, “Gray
Level Redistribution in Field Sequential Color LCD Technique for Color
Breakup Reduction,” Society for Information Display (SID), pp. 1096-1099
(2008).

(10) Y.-P. Huang, K.-H. Chen, C.-H. Chen, F-C. Lin, and H.-P. D. Shieh,

“Adaptive LC/BL Feedback Control in Field Sequential Color LCD
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Breakup and Flicker Reduction,” accepted by IEEE/OSA Journal of Display
Technology (JDT)
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S imEHER
26-Jul
10:00- Meeting with Executive Committees
12:00
27-3ul
08:00- Registration
09:00
08:45- Conference Opening Welcome Address
09:00
%%(2105' Plenary Speaker-Dr. J Georg Bednorz, IBM (Nobel Laureate)
09:45- coffee Break
10:00
10:00- |Keynote Speech: DFM - Looking back, looking forward: Lessons from 65nm, Solutions for 45nm,
10:30 and Challenges for 32nm
Mr. Srinivas Raghvendra, Synopsis
110130%' Keynote Speech: Materials Challenges in sub-45nm Devices
Dr. Cynthia Hoover, Praxair
11:00- |Keynote Speech: Today's Semiconductor Industrial Structure and Insights of the Future
11:30 Development Form
Mr. Sadao Tsuji,Nissin
11:30-
Best Student Paper Award Ceremony
12:00
Room Yuan Room Ming Room Tang Room Han Room Song
. . Symposium
Symppsmm A. Symposium E. Symposium C. D.FEOL & BEOL Symposium G.
27-3ul Device and CMP and Post- Photolithogra Advanced Emerging Technolo
Reliability CMP Cleaning grapy ‘ ging b
Processing
. . Symposium
Symposium A. symposium E. | o o oGim e, | p.FEOL & BEOL Symposium G.
28-Jul Device and CMP and Post- Photolithogra Advanced Emerging Technolo
Reliability CMP Cleaning grapy ‘ ging o
Processing
Symposium B. . Symposium F. Symposium
28-Jul Design for (S:m:pa%ﬂuggsi Packaging, D.FEOL & BEOL Symposium G.
Manufacturing CMP Cleanin Assembly and Advanced Emerging Technology
(DFM) 9 Test Processing




Chairman:

Dr. Qinghuang Lin, IBM, USA

Co-Chairmen:

Dr. Ebrahim Andideh, Intel, USA

Committee Dr. Jiezhang, Motorola, USA
Members:
Dr. Jinn P. Chu, National Taiwan University of Science and Technology
28-Jul
13:00-13:10 |Chairman address
Qinghuang Lin, IBM, USA
13:10-13:40 Invited:Environmental Challenges and Opportunities in Nanoelectronics Manufacturing
Farhang Shadman, The University of Arizona
13:40-14:10 Invited:Porosity Characteristics of Ultralow Dielectric Insulator Films Directly Patterned by Nanoimprint Lithography
Chris Soles, NIST
14:10-14:40 Invited:The atomic layer deposition of oxides and metals for next generation semiconductor devices
H. Kim , POSTECH, Korea
14:40-15:10 Invited:Plasma Etching of Self-Assembled Nanostructures
Ying Zhang, IBM
15:10-15:40 |Coffee Break
15:40-16:10 Cobalt Atomic Layer Deposition for Contact Applications of Nanoscale Device
Han-Bo-Ram Lee, POSTECH, Korea
16:10-16:30 GST Thin Film Metrology with XRR and XRF
Menggqi Ye, Applied Materials
29-Jul
08:00-08:30 Invited: iINEMI Emerging Technology Roadmap Activities
Marc Chason, iNEMI
08:30-09:00 Carbon Nanotube for High-Performance Flexible Electronics
Qing Cao , University of Illinois at Urbana-Champaign
09:00-09:20 Pentacene Thin Film Transistors with Chemically Modified SiO2 Surface by Phenyl-Radical
Hirofumi Fukai, Nihon University
09:20-09:40 Nanostructure Fabrication via Hybrid Process Using Self-Assembled Nanotemplates, AAO and Diblock Copolymer
Sang-Joon Park, POSTECH, Korea
09:40-10:00 |Coffee Break
10:00-10:30 Invited: Printed Electronics - a Disruptive Technology
Jie Zhang , Motorola
10:30-11:00 Invited:Solution Processed Printable Organic Memory Devices
Keryn Lian, University of Toronto
11:00-11:20 Electrical Resistive Switching in Organic Molecules and High-k Dielectric Bi-layer Films
Deyu Tu, Chinese Academy of Sciences
11:20-11:40 Porous Silicon-Based Surface Modifications of Polymers
Jingmei Lu, Xiamen University
12:00-13:00 Luncheon
13:00-13:30 Invited:Novel Cu Alloy Seed Layers for Barrierless Metallization
Jinn P. Chu, National Taiwan University of Science and Technology
13:30-13:50 Ruthenium film growth from Ru(CO)3(C6H8) at low temperatures in sequentially pulsed deposition mode
Vladislay Vasilyev, Korea Polytechnic University
13:50-14:10 Deep Si via etching through SiO2 layer for 3-D LSI
Jun Liang, Tohoku University
14:10-14:30 |Novel Silicon MEMS fabrication processes including anodic bonding of extremely thin (60 um-thick) silicon film on glass
Yasushiro Nishioka, Nihon University
14:30-14:50 Resistive switching characteristics of hafnium oxide with Cu doping for nonvolatile memory application
Weihua Guan, Chinese Academy of Sciences
14:50-15:20 |Coffee Break
15:20-15:40 The Induced Effect in the Pt/BFO/BNdT/Pt Capacitors for the Application in FeRAM
Yongyuan Zang, Tsinghua University
15:40-16:00 Removal of Organic Contaminants on Si Wafer Surfaces by Electrochemical Cleaning Technique
Jianxin Zhang , Hebei University of Technology
16:00-16:20 Characteristics and mechanism of TiN/ZnO/Pt-based Resistive Random Access Memory devices

Nuo Xu, Peking University
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