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| A (Summary)

F'[F (Introduction)

ﬁzﬁﬁ[lmﬁ:l SN ﬁ# (Demand of LCDs)

(JQFE#,@—T anpy— EflEEsE= F 5 (Enabling Technologies)
_ *]T&Fﬁ’ilﬂfv BE%&;]TQ%EICJL’J’[@ (Discovery of Liquid Crystals)

_ IJF’PL)PQ SE RN [%%’éﬁ?ﬁ%’ SR (Polarizers, Thin Films)

~ SR (TFT)

\]ﬁzﬁﬁ[:lm‘gﬁ Ay fUfe (ERCE e 2 ETHYUAYSE (Principles of
Operation, Viewing Quality Improvement)

— SN SEH VIR (Birefringent Thin Film Compensators)
{ﬁzﬁﬁli,%ﬁ:l o 5 W (Future Prospects)

— HEE R, T, ?ﬁyﬁﬂ £ (Contrast, Color, Grey Level, Wide View)
— @ﬁﬂi, FFT,'JE% =i E,'J@@ (Energy Efficiency, Brightness, High Speed)
- = @]T&#%ﬁ 1y (Holograhic 3D Displays)
%?ﬁ (Conclusion)




i eh#A s (Liquid Crystal Displays)
s SE L ) % R BH (Inter disciplinary Technology)

75:\'/\/:::%
N H

S,. Pretilt, Alignment, Polarizers

T EATZ 3 : Thin Film Waveguide (in BLU)
jllﬁ H 5% FH: Molecular rotation, relaxation, birefringence

A}
Al

—ég'%%: Thin Film Transistors (TFT), ITO

Yt ELIE I Birefringent Thin Films, Color Filters

/%21%55\% . Colors and Images

#| #e B B : LEDs, OLEDs, Lasers
j\lﬁ%j‘j ﬂq' Liquid Crystals, Optical Polymers




ar r‘%’ﬁj%ﬁ%’, (Notebook Computer)
= £% (Mobile Phone)

%ﬂ%@@% = (Computer Monitor)
Bt 4 1E% (Digital Camera)

”F“?{;EJ%& (Television)

it~ HefRse ! (Personal Digital
Assistant, PDA)




I P gt

(Demand of Flat Panel Displays)

- Hig1jE"] (Military Applications)
- AR R i_“gl—] (Cockpit Displays)
— B I B R IR (AWACS Radar
Signal Processing)
o NYiESTEH| (Civilian Aircraft Applications)
— B R (Cockpit Displays)
— e S F{T_Eib;?'“ TS 2R (Personal Entertainment
Displays)
« {#* ¥=*| (Home and Personal Applications)
PR, TR B, S, D AR, 3



S VRS AWACS

(Airborne Warning and Control System)

+ PelfEl 20 ~ 30 7 FPTRECR E e PO 5

& ﬁ%'%“‘

_ A@’J’Tjg\hﬁl (Cathode Ray Tubes, CRTs)

— EEET A Y (Electro-luminescence Panels, ELPs)

- rrzﬁﬁ,#[%g? 78 (Liquid Crystal Displays, LCDs)

o kAl EHA B EIJ Rl R pEJE?&glE
(Payload) & F I mf™ Jﬂ‘rfi%,@ (Range) 6

_J'l'f
—rr;—.



ey [T
(Primary D’1sp1ay Units), = [l +
— ECREEEAUIR S A L
— f& @%T—T&»LET (Cathode Ray Tubes, CRTs)
— e APy (Electro-luminescence Panels, ELPs)
- (f?‘z#[@? 2 (Liquid Crystal Displays, LCDs)
o T 41 HOY S A
— AR iy SRS E PR ] (Large Viewing Angles)
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[ﬁr;l—] Fl—r Fi‘/[j{' :Ii_w—‘_" '/':.

(Optlc omponents N L|qU|d Cr stal Dlsplays)

ITRIRiniE

Backlight Unit

A5 (Sheet Polarizer)

ST STM P4 (VI (Birefringent Thin Film Compensator)
5§<’M]7F’§ (Glass Plate)

IR RCKH (Color Filters)

JFEVIEAPY (Transparent Electrode)

‘JT&FF”![ (Liquid Crystal)

VA (Transparent Electrode)

S ﬁﬁ%ﬁ#,?ﬁ} (Thin Film Transistors)

5§<’M]7F’§ (Glass Plate)

STV SR [ERL (Birefringent Thin Film Compensator)

(s

A5 (Sheet Polarizer)

r "yL ML= (Backlight Unit, BLU)



e fio33
(Discovery 'of Liquid Crystals)

cloudy clear

liquid liquid

1888 = R EIF (M”54 Fredreich Rheinizer 55 !~ & 174 ik

[E¥(cholesteryl benzoate) = &[4[t T Fil E 8 PR lF‘ 1@[%[%\4

1904 = fEP1FI 255 Otto Lehmann 58 i3 ?EIF" ET&ES?E
SHTFH G, E‘W\ FF I E‘fzﬁ

Otto Lehmann ° li?fgfl FPRIZV f@{ﬁiﬁﬁl, (Liquid Crystal)

http://www.samsung.com 10



Ffzﬁl Nl

il E*] 2 IR TR RVALA P RN SH
‘IfszE_[ﬁJ 75 W/}[J‘ £ (Rod-like) fr ™ (Disc-like)
PRt fFIJZﬂJ ! (Nematic Phase)ﬁiﬂ,ﬁ' (Smectic Phase),
YE[HIFEAE (Cholesteric Phase), Es#H! (Blue Phase)<:"
pISIAE (Nematic Phase) $ebhe = | e ik B

‘JTQ #[F'UH FEZ R AFﬁ‘ff' [FEEEIR iR =
Fq [[ka' 1% (Dielectric Amsotropy)

1991 F = Ak S PZEIRG Pierre-Gilles De GENNES I')
i;fﬁ,f%ﬁrfzg,#@s'gm[pfpamz

'_J'I'f

11



it )

lezl 49

Calcite

* BT P (Calcite, CaCOy) 9§75

— = f[j i. i [“HY5 (Ordinary Light) n=1.66
I'F

_glﬁ

n=1.45

[~ F°A° (Extraordinary Light) n=1.49 12



: TEI

(“pYA (Extraordinary Light) #7375

il “"'Eﬁflf%:
(Dichroic Crystals
%MQ;>
N

\
R lﬁﬁljﬁ%?\ o
Tourmaline Plate)

el ﬁj{/[l?ﬁ%ﬁ? i (Tourmaline)
154 (Ordinary Light) Pk [

T

RS T A A
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ff YEAR i) 3 ]

(Invention of Sheet Polarizers)

ISP RA LR T BV
1932 = Edwin H. Land 3% L H1— T[] ORI AT TR TS
~IEEE [EPL@ ERAE

1937 & Edwin H. Land =% )| 58 T Polaroic

2009: F 1R Asy iy ﬁﬁ‘ s B K

g

——

]

FAY
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Pk [7}:"

(Nematic (Rod- lee) Li UI Crystal Molecules)

Typical LC Molecule
Bond Lengths:

C-H:1A

<:> = Benzene Ring ( C4H; ) or Cyclohexane (CsHy, )

A = Linking group, X,Y =Terminal groups
Example: 6CB C.H,, CN

~20A =



AR v o0 HEC 1)

(Orientational Order of Nematic LC Molecules)

> T o> o> o>
S N — S I
T o> S I
T DO o> <& o> >
o> O < - e I
T > > S I
> > o> S I
Nematic Phase Smectic Phase

* [ (Nematic Phase): il €| ¥ £ {221
‘Tﬁr FE %lﬁ' (Smectic Phase): [I</[p| “E HI :FF'['?J
FE#IFUEE%@EI (c-axis) 7+ nﬂE L.: |
* Positive birefringence: An=n_-n >0
16



'.'H‘ Ny rl = | /\
SN C T

(Discotic (Disc-Like) Liquid Crystal Molecules)
Examples:

OCOR OCOR

/
OCOR — OCOR
R R \

OCOR OCOR
R R

<:> = Benzene Ring ( C;Hy ) or Cyclohexane (CH,, )

e Planar Molecules with 6 or 8 Long Chains
« Example: R=C.H,,0, C.H.0O, C,;H,,CO0, C,H,.COO

(a) hexa-n-alkanoates of triphenylene, (b) hexa-n-alkanoates of
benzene



AR v 72 Y EC 1)

(Orientational Order of Discotic LC Molecules)

Nematic Phase

* [} (Nematic Phase):  [FI[fj e[ 2 fif 711
» S (Columnar Phase): il €] - A e -
* \I?‘zﬁﬁ[l,ﬁ@ FE[#@EI (c-axis) = @lﬁ?‘ 73—

* Negative birefringence: An=n_-n_ <0
18



W v ) AH

(Phases of Liquid Crystals)

Example: 6CB, nematic range 15°C - 29°C
Nematic
15°C < T<29°C

Nematic
15°C < T<29°C

(Multi-Domain)
Milky

Single domain nematic phase can be obtained by external forces, e.g.,
surface buffing, electric field.

(Single-Domain)
Clear

Isotropic
29°C<T

(Random)
Clear

19



i3 FOFR
o [T U [Efﬁ Emg:

ST

o [RIFR IR 7 ap e
JE[ #l 7} —~~ N4 ﬁg'ﬂ lélfj f“:'ﬁ?é\ IMEB J Homeotropic Alignment (Vertical alignment)

RLsE Aﬁﬁ& ey l"Jfl ff"

ﬁJE FI JFQFF’J:IFI —_— =

= B R (Vertlcal) L —
- T lﬂfl[ﬂ (Parallel) —_— ____——
— EER IR (TN) —

Parallel Alignment
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Eg,j] 'ﬁz 1 (Electro-static Interaction)

ﬁzg [7J—J AQ/TU*I:L‘;E;‘F[J[‘I:F' e &
F = ¥l (mduced dipole moment) YRy

p, = EcosB

Force

P, =0 Esin6

%F%ﬁiﬂzﬁi (electrostatic energy) HJd>7gh
[N
AU :—Jp EHE:—%OQEZ cos’ 6—%CXDE2 sin” © Force

— =,

TTJL[J‘IJQ 173 (0 >O(_L)E"ﬁfﬁ 31 = (8=0)
E%f%ﬁl JQFI‘—T_{;}%HDgI
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Negative Dielectric Anisotropy
(Ac<0)

A

'
\
s /7

:// f
E-field Ne=¢g —€,>0 Efild Ne=¢g —€,<0

i3 = O E P (B8], 55 B [y
=2 Ag pu -1 (Positive of Negative) T | l?}%

Ae<0 ﬁ\up‘z@, H % VA-LCDs, FFS-LCDs

22



\IT&FE[#[F[@% Ei*&ﬁ; (Electro-Optical Effect)
© T TR AL

(Phase Retardation) [iI' fi5%: = — 4

o @ 7/

[ =2m(n, —n,)d /A O D ﬂ

o @ 7/

+ RS /7 R = V>V
HIAERE $E 3 (Phase

Retardation) fi* {59 1 cos’H . sin 6

ORISR

r=2mn',(6)—n,]d/A

I ffOAF175 46572 (Phase Retardation) i |1 ]



L"{._.A

(Oseen- FrarEE [JE:L[H iE[FI e LJ

theory - Minimum Fre€ Energy)

filtH-k %" (Elastic Energy Density):

Un :lkl(D m)2+lk2(n Xn)z"'lkg(nxDxn)2
2 ) 5
= N = RARE R, Ky, ko kg = kg 2R 1
rﬁﬁj“ﬂ' Ld[ﬂ (Electrostatic Energy Density): U .. = 5 DIE

=
FIF TR 475 (Total Free Energy):
U = IUEL +AUES)

Y& i 5 [P Bl ) 5 AT (Dlrector distribution N(z)) JVikA=
ft (R IETge Bl 3U=0, Wi bl [X[F (Boundary
conditions) 2



@’f/t::‘/ﬂ: (Polarization Interference)

absorption <+ d—» -
axis | c-axis -%
4 E
| 5
Polarizer Anisotropic Polarizer "0 05 1 r/(2n1)'5 2
Medium
ML FESE(Phase Retardation): ' = 21(n_-n,)d/A
@53 (Transmission): 1 (1
T =—sin’| =T
2 2

'Er[ =Tt Eﬁ = 35 (Maximum Transmission)
M= (8,9 FEAS 1 (8,9) 1MT5E
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DARK
STATE

Polarizer LC Cell

BRIGHT
STATE

Polarizer LC Cell

§/\
[ L U

LE VNS (SR

Polarizer

Polarizer

o WS
ﬁz’ﬂ: 77 =H J?E"—[ il
(Director) JF,J:}%

o JIEFHESH TN [#[;—:E:'-
[F[J 1 (Director) &
45°

» PRSI YA
]

 IPS (szﬁﬁ’l,%@ﬁ S
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R

DARK
STATE
ﬁ l@lljl [
Polarizer LC Cell
BRIGHT
STATE
ﬁ EEEER ii Ul | W |
Polarizer LC Cell

T VIN 5 S (ST

o TR e B EEST BN B
e ot 7 - )L [ Hi

Polarizer

-

Polarizer

(Director) A [#

o NEERRP] LLHEHR i i

)& (Director) ¥4

90°

o HERENT AR S
s |

e VA [&Fﬁ#[%g:f LI
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p —t )— I g
“_. B Fg | JRRED
(Electrical Driving! Multiplexed Addressing)

2.5

Selection Ratio
)
|

=
o
\

1 | I

X=1 2 3 4 5 6 o o o o o .« M 0 200 400 600 800 1000
N

FIP] 7 TR, M x N (RS L IRRI N 7 M)
\ 1%@;@ lﬁ—il[ah%m i

P B I L R,
|55 (Contrast) BFE [ JN [ (Alt and Pleshko)

- Fjgf:—] JE@E’LJ, T2 & 25 (Contrast) &= 2

Q&‘?&LH
r-—m



- BUEE r»rm_i%l’ﬁ

(Electrlcal Driving: Active Matrix)

Upper Column Driver Data Line

Scan Line Gate
Gl o

G2

a
B T
N

B
B
%

//////
o Liquid
Crystal ~ —
-
Row Driver F D2 | F D4
© oI Ek T f[ﬁ'é“f% P (TFT) PO FRES
L R

¢ 1971 ?F RCA ~ f[J Lechneré’?[ﬂjg &Tg’] ﬁufﬁﬂw\[ﬁg’{%#@%
2

(TFT) ﬂ JTE?V
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A L ST ) — A [ i

(Fundamental Issues in Polarization Interference)

7T 15 T(\,0,0) Msz%ﬁﬁa ik
& #% (Color Shift): A

/)ﬁ'ij‘lﬁ(Leakage) HE‘L‘? RRAETRG (A

% )z [n](Gray Level Reversal) (4

HaPEf A msE O

=
p=]

K]

)

Bl
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IR S G

(Contrast Ratio of LCDs)

Transmission at Bright State

Contrast ratio (CR) = ——
Transmission at Dark State

. Ffzpﬁi EJENIEGS fiu (Dark state) fIE5 F[wﬁ—?
At e
. Ffz HE. 9 (Dark state) u%@u oh
%ETEJESI(%[E lgjj‘ﬁw—k [gk[ ko e R E jﬁ ?;g
(Colof Instability)

LA




g R
(Leakage of Light in Dark State of LCDs)

Polarizer LC Polarizer

/ T>0 (Oblique)

. ....... -> T=0 (N()rmal)
/ <>

IO (e.8. VA cell) g P £
LD I

% sk )8 ) ElH (LC Director) = [y

S A G R G .
RE| T R REEIR AR AR AR (L (Elliptical
polarization state), iﬁﬁ‘}ﬁﬂ 73 E@i&%@;{ s TR “




{efifrel - A U

ark State of LCDs

Polarizer Polarizer

—

L1000 =

olarizer \2 j ;olarizer

VA (V<V,) [PS (V<V,) ITN(V>V,)

IR E (Dark State) 1ot foa

- VA cell (V <V,,) B G55 [A] 5l (Director) &

o BHAASHERBTNAIV AW 5 # 3 5Af E
FCEVH B TRl

H

ENNIL
— IPS cell (V < V) B S E A (Director) 1 SH =y
— TN cell (V > V) HIHK s5E Al (Director) i %‘@W\f Iy

i I &

o R ASERGBIPSIR AL 2 [ hLE FHFSRE, i%ri%’q@ﬂ

IECL’ETT\—’\



S SR A b

ssed Polarizers)

(Leakage of Light through C

A

v

Normal Viewing Oblique Viewing Oblique Viewing
(6=0°, ¢=0°) (6=60°, ¢=0°) (6=60°, ¢=45°)

+ AR AR IR IR g [yl = AR I ORY A frph Ay
DR cenl B T 1B A (i DS TR
* MROCARPVER A A 2] 8%

34



VA-W fm B 7R i REHITR G

(Leakage of Light in Dark State of VA-LCD)
8% 8% 80% 80%

4 N r

80%

Crossed Polarizers Crossed Polarizers with LC

'ﬁ%’T’?ELj%‘JﬁJ?E@%’} b fﬁl £l 8%

SRE IFT}VA\( Pﬂnx@’?‘/ﬁ?ﬁ[ﬁ“lr == (Elliptical
polar1zat1on State) xg7y B ZHITRN
’F"Ejrﬁ“lﬂﬁu PSPIVA-ITR g g 7 PSR #280%
35@74@ F%#ysﬁfﬁl UM R R JT A

35



,wfil:ﬁ Sl R A AY 7
e Y
X ‘J%‘1/‘\

(Birefringence Compensation)

LC cell Compensator

T At o

I 7
I A Ak A
WRYAYI 11 RVATA

Slow | Fast

o~ HEHUTREORPR] S T BV STS (Negative
birefringence), f' I'| ¥ [k f,#[p@}%ﬁéﬁ (Positive
birefringence)

o REEIFIDY B, A PO PRI IR o g




3

Y m_: f AN ‘.\I/; LL.
xfl:ﬁ ﬂ‘JF &

(Negative C-plate)

P

o
<3
=
3.
N
a
=

2.

Q@

olarize

PRI A R 1%, j?*[#dfblﬁﬂlﬁﬂ’#fﬂ JAerEN J PR 3 & puTRr
=1 7 7

R 167 SR AR, = DRI = 1 I

R M i FARH 3 (L P R DGR IR T ﬁf 7 A

A T IR ) R o
FIJ X
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[; jﬁy[ Ldlls
(Po Ization Compensator)

Polarizer

And = -A/6 = - 92 nm

And = A/6 = +92 nm

Polarize

Backlight T

o PR NG A ST I (A A o
o Fl- S Ryt S LA S (Biaxial Half-
Wave Plate)™ i I'[3ffli fup b A profieok
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50

500 500

450 450
{350 1350
- {300 - 1300
- {250 “14 b 1250
- {200 1 b 1200
150 . 150

100 . 100

1 50

VA-LCD without Compensator VA-LCD with Compensators

o PSLERRIILD i, SH5000m £ 1307
HTE1007%

I~
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1 P 80
AR

1t 6o

b s0

| B 40

/ | 30

| 20

‘ ‘ 10

[PS-LCD without Compensator [PS-LCD with AA Compensator

o BB 14, BT 100 FUMRA K + 40
f“ WEIE 2 + 90 JE
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VA

IPS

Traiamisslan

Tramuminon

JKBE (Gray Levels)

Gray Level Reserval

Transmigslon

a3 183 B
&2 = 82
oT2 orz
61 5t 81 =35 |
a5 B 5%
13 -~ o
B =3 36 O I3 8 an 5 B3 3G i 33 o8 o5
Hosizontal Wiewsng Angle {Deg} Werticad Viewsding Angle (Deg)

&

VA BRI e o]



T %

R T

LCD OLED
Color Shift Yes No
Gray Level Reversal Yes No
Motion Blur Yes No
Viewing Angles Yes No
Contrast Ratios 10 -10,000 1,000,000

« LCD K#HM 1 A E 32

20T A

« OLED th &, 15A N2 : Mura (395,

B 53), Lifetime

« HJAOLED WA HiE, LCD A2HEE INcE W

& X (color, contrast ratios, gray levels, frame rates,

etc.)

42



OLED - 48 [iuf <l

OLED Hi=- gy A EZ\/ e, WA, Wh
#) 25 B (Motion Blur)

« OLED ¥i= d s el M, =¥t

« Sony 117 OLED TV (XEL-1) /& US$2,000

o KIOHAWEE (Sony, Nov. 2009)
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{/ﬁz EIEI WS \ %% EI,(J /%%

{TQFE#[%T? BRI R S 'sr_F%t:[ 92 i
— FF| [ rﬁ;fi (Compensation Films)

/= A

{szﬁgé@ﬁ SIVE IR [9F cler_F N2

EEfE’ (Impulse Driving, Ove

Driving)

— S5F1F7E| (Dual-Frequency Materials)
NI (Motion Interpolation)

— B R EA N ZS (Blue Mode LCDs): 10 — 100
microsecond switching

B 1A IR FL_}LJ chlsulpjj;» ]
— SHEHEE CIRARCL A, (Lossless Color Filters)
— = ?Ej%‘ﬁ l’ﬂﬁﬁ (Lossless Polarizers)

— B)E

Tw.l

J =

;i‘ 54

EIJ

Ik

e’y.’»;g[a%ﬁ (Mobile Displays)

5#[%“ — Holographic LCDs
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W e 7)1 H e )

dZG do
10 () ()

| = Moment of Inertia, y= Rotational Viscosity

4

(T,)pm =Electric Torque, (T,)g; =Elastic Torque

N A A E IR AT, S INIE B R] 2
R M A T B 4 1F LU SRS 1 ) (Driving Torque)

2
. _y(dy _ y
DeCay TlmGI 1:decay _ k_(_j — (8 S )E2
3 |~ €o/Fcs

Tt

y Vc3 2
. . r A 1:decay
Rise Time: (€, —85)( ) \%
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Rise Time vs Voltage

2

10 :
. Example: 3 pm VA cell of

i MLC-6886

l Va=2V
10 - tgecay = 9 Msec
10 ! - trise/ tdecay

-2

10 ¢
10" ‘ | ‘ ‘ ‘

0 5 10 15 20 25 30

Normalized Driving Voltage (V/V,)
* Frame time ~ (t;;. T tyecay)
 t. . can be shortened by overdrive

I1SC



W Y ES A (Blue Phase)

In 2007 H. Kikuchi, et al. reported “Fast Electro-
Optical Switching in Polymer-Stabilized Liquid
Crystalline Blue Phases for Display Application,”
SID’2007 Digest, pp. 1737-1740

Kerr coefficient of a Blue phase LC mixture 1s
about 1000 times that of nitrobenzene (C.H:NO,)
liquid

Optically 1sotropic in the absence of field

Cubic lattice of defects— optically 1sotropic

47



B ﬁlﬁi’f ’iﬁ,\/ 3 (Blue Mode LCDs)

* Blue mode 1s a highly twisted cholesteric phase of
liquad crystals.

* The blue phase resembles a crystalline phase with
a very “soft” 3D lattice which exhibits an
extremely large Kerr effect.

e Samsung unveiled a 15” prototype at SID’2009 1n
Los Angeles.

* Blue mode exhibits a superior response speed 1n
the range of 10 - 100 microseconds (much faster
than conventional LCDs)

48



B ?FEU&FF’J: ZH 7N 2 (Blue Mode LCDs)

/Pola$ /PO&

C axis

* Blue mode LC cell 1s optically 1sotropic in the absence
of applied field.

e The LC cell, behaving as a Kerr medium, becomes
uniaxially birefringent with an applied in-plane
switching (IPS) field. The c-axis 1s parallel to the field.



5] 2 7~ Ill(Motion Interpolation)
Frame-Rate Compensation for LCD-TV
el |

0+ e time Inteazity il o+ aH g# fime lafenzity

(a) 60Hz (b) Impulsive driving (¢) ME/MC
Figure 1. Conventional, impulsive. and high speed ME/MC driving

« Hold-type driving in LCD leads to motion blur of moving images
« Hold time (integration time) reduction using faster LC materials

* Impulsive driving achieves hold time reduction by blinking/scanning the backlight unit
(BLU) or by inserting black/gray data. Side effect: brightness loss and flicker

 120HZz/100Hz driving with motion estimation/ motion compensation (ME/MC) cuts
hold time in half by inserting motion interpolated frames between the original
60Hz/50Hz frames. No brightness loss or flicker.

« B. H. Berkeley, paper 26.1, SID’2008 50



Color Shift Improvement

WV-EA WV-EA New WV film
using conventional AG film using a new surface film using a new surface film

e Color shift improvement can be achieved via
scattering effect and dispersion of compensation
films

e T.Ito, et al, paper 11.1, SID’2008
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i BT AR 0 5 P TR

74 60% [ B A

55 T0% PSSk B R0k

P ATV H A PRI 88% puk
F lﬁfjﬁfjﬁtﬁﬁx (Energy Efficiency) (£ ~ 5%
SEPLE | N A ]

A RS, S SR T
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I - 1 — r_ L "I_‘:: A
SR SB[ R R
i Bkl (109 T
[i;?@ﬁf 22.3 — 101 W
CRT
128Y 0.7 245 W
7. ]
Projection
‘]rfz#[ 10.6 e 144 W
LCD
%%E'J“E 1.8 361 W
lasma
. ﬁD'JHElF (W?ﬁ'f7j~3\ﬁ“'€j\ Sy J'I B,
2011 Fempl 5 Ary fu33 Y0, 2 13?'; g;uu!% &QWHUSO%
(IS AZ LR R, Los Ange ¢s Times, November 19 2009) 53




fiE+5 #E

(B ALSal
V=0 LC cell s
ShiEa
: <LL — IRk
mﬁﬁﬁ%ﬁﬁ%ﬁp@w~Mm§
SRR ORI A e Jp[ o B g

BT SRR 1, B 1T i
o« fI ljﬁzﬁﬁg HE ARPVENE B 5%, BT Iﬁfﬁpm&m 2]
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XA LED 70 WA S

-« HH] #[H{%Jﬁﬂfﬁfﬂ‘&?“ SN O e (T P
HIEEE]RT ﬂﬁﬁ?ﬂ R R

VI O FRAH

o AEY ] (Channel Waveguide Array)fyn —
;ﬁ,?ﬁi@'ﬁl (Photonic Crystal Waveguides) F| 'rﬁ 5] 5%
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HEARFE SR AR AR

(Lossless Reflective Polarizers)
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*HF[ iﬁ o Stéf (Birefringent Bragg Reflectors)

: i:%' > [‘?;'E?L«H% g1 e P NI Ui
[IJF '[$rSfF U fiel(Index Matching), {719[! n,=n =& ﬁrj [ﬂ@ WL
(Ordinary Wave) fi' 3% = &35
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Vo BEERS (3D Displays )
« ZFIp

— Swept Volume 3D Displays
— Multi-Plane 3D Displays
— Stereoscopic 3D Displays

 Direct Viewing
» With Glasses — Polarizers, Shutters

o BRI AU g
— Enabling Technologies

 Spatial Coherent Backlight
» Extremely High Definition (small pixel sizes) LC panels

— Flat Panel Display of 3D Images

 Directing Viewing

Source: Alan Sullivan, April 2005 |IEEE Spectrum

 Liquid Crystal Display of Holographic Images >8



EAAG!
» — W= Rayigep By
E(X,y) = A(X, y)exp[I@(X, y)]
— AX,y) = T’?ﬂjﬁ (amplitude); @(x,y) = ! (phase)
o TSI | SRR Ay), 2 2
Px,y)
+ PRI B TS AGy)
» EfREE AR R P AGGY) AT axy)
TR O T VR SR AY)
AT @x,y)
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3D |
. Holographic
- Image <,‘: Spatial |
i <:| Coherent
<: Backlight

Phase-Only Intensity-
LCD Only LCD

187 L9 (Intensity) PUEH 43
o SIEE AR AP (Phase) PUEET- B
& | Z[el] [FIAE Rl (Spatially Coherent
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. 3D Object
" illuminated
with spatial
. coherent

- light

Compensator

Reference Beam

__________________________________________________________________________________

TR flﬂ IR LI ] fﬁj FEA T
(Spatially Coherent Light)

. Eﬁ FIEJ

A) S
o MIE]

Y =
() )d\; I

’S

AT [ £ T 1 CCD i)
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BRI — BURTHI PR

2] [ﬁjﬁ%’ JkI (Spatially Coherent Light)
~F K 2 3 (Submicron Pixels)

#EE =k (Total Pixels)

VAR — o
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