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Stereoscopic Projection Display Using Polymer-Dispersed Liquid-Crystal Light Valves
and a Schlieren Optical System: System Proposal and Basic Experiments

Kuniharu TAKIZAWA *

ABSTRACT : A stereoscopic projection display used with polarized eyeglasses is proposed.

It consists

of polymer-dispersed liquid-crystal light valves that modulate projection light based on the light

scattering phenomenon, a polarization beam splitter, and a Schlieren projection optics. This display’s

features include a three-dimensional image display with a single projection system, half size and half

power consumption compared with a conventional stereoscope projector with polarized eyeglasses.

Measured electro-optic characteristics of a polymer-dispersed liquid-crystal cell inserted between crossed

polarizers suggests that the proposed display achieves small cross talk and high-extinction ratio.

Keywords : three-dimensional image display, spatial light modulator, projector, polymer-dispersed liquid

crystal, cross talk, extinction ratio
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1 Basic structure of a conventional 3-D projection-type display

with polarized eyeglasses.
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PBS, polarization beam splitter, L, image lens; L;,L,,projection lens,

Schematic diagram of a monochrome 3-D projection system.

Lc, condenser lens; A, aperture, PDLCLYV, polymer-dispersed liquid
crystal light valve; CRT, Brown tube; SMB, light modulation block
for converting s-wave light to p-wave light; PMB, light modulation
block for converting p-wave light to s-wave light.
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3  Schematic diagram of the PDLCLV. QP, quarter-wave

plate; ARF, antireflection film; PDLC, polymer-dispersed liquid
crystal; LC, liquid crystal droplet; P, polymer; M, dielectric mirror;
AB, light absorption layer; PC, photoconductor; G, glass substrate;
ITO, transparent electrode film; Vo, applied voltage; Pyw, writing
light; Py, projection light.
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[ 4  Schematic diagram of the full color 3-D projection-type

display. SMBgrgp, light modulation blocks for converting 3

primary-color s-wave lights to p-wave lights; PMBgrgp, light
modulation blocks for converting 3 primary-color p-wave lights to
s-wave lights; DM, dielectric mirror.
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5 Schlieren optical system for measurement of electro-optic
characteristics of the PDLC cell. IR, infrared light cut filter; UV,
ultraviolet light cut filter; BPF, bandpass filter; P, polarizer; P,
analyzer; L, Ly, lens; A,A,, aperture; PD, photo detector; f;, focal
length of the lens L,; J, opening half-angle of the aperture A2.
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6 Dependence of the transmittance 7p and N of the 10-pum
thick PDLC cell set between two polarizers on the applied voltage
Vo. Tp and Ny are the transmittance of p-wave light and s-wave
light, respectively. (a) blue primary color light of wavelength
420-490 nm, (b) green primary color light of wavelength 520-570
nm, (c) red primary color light of wavelength 600-680 nm.

&2 PLCEILD NyT, & V,DEE%

Drive voltage N/T,

V.(v.) Blue Green Red
15 8.5X107? 3.4X1072 2.5X1072
17 4,1X107? 1.6X107? 7.1x107
20 8.6Xx10° 2.0X107° 1.0X107®
25 3.1X107° 7.6X10™" 8.1x10™
30 2.7X107° 1.0x107° 7.0X10™

To—F v A, ZFEB LT s PO & PDLC IZAS L
7o p WHOIREE & DL APE Lz, 3JRELD s Ik
53% PDLC IZASS L7256 b, [ 6(a) ~ (c) & [AERDHRE R
nELRT,

6 DL LRV RO T — %925, PDLC THEL DV
B A =27 Ng/T,LFHUNEL V,& OBREHE LT, &
T L2 FINE R (15 V~30 V) (2RI 5%
D N/TAEZFE 2I1RT, ZDORIF, V—AMr—=2 (V
=15 V CBREh & 1172 PDLC B VIS H @ IEE A L2 854)
Th, Ng/TAEIX I%BLUT THDEZ L ERLTND, ZD
3 DT 4 AT LA TIHL, X PDLC B % 2 [BliE@ 5 7=, # 2
DT —A Nr—ATH PDLC OEELICE>TELS 3-D
VAT ADI B A N—71F0. 1%L T D,

INHOERFERNOROZ ENRPA SN2 D,

(1) PDLC TEFAEINTH, §=5" OT/\—F ¥ Z il
T B8 E DN (99. 9%LL F) 1, A& R TRtk
RBZ 1R,

PDLC IZEIINF 2 EENREVIZE, 72 AS OB
ENRWVEE, A EOmIGREBIT L RFSNLD,
Y23 PDLC J& & 1E42 3 % PDLCLV DIGE, T — A Fr—
ATH (Vg/T)%0.008 & 7257035, HUEL Y % Metil 5
HTENTE D,

PDLC 234 RKBED & &, e ED AN T "—F
BT 5,

(1) ~ (3) THIZL, PDLC 235 3-D 7 4 A7 LA 1Z+43
JHTE L Z EERER LTS, (4 IHIT 2 BRI D
IR BV E AT D06 DRI ZE a1 b~ T
FoREG OWEE L 2 (ELL EA TEHZ L EEKRLT
Wb, LMo T PDLC ZHAWEK 4 DY AT A1, 1A
DICIRE T, 2 DN A W21 DT 2T AL
HLOWHD SEMRETE D L0 ) % b,

(@)

(3)

(4)

5. EX7 KL RXE PDLCLV

W7 B L ABIPDLCLV I, 85 2 BATalk 7= X 91T, e



3D T4 AT LA DOBRICHELHEEEAE LTS, L
NL, K2R T LRI R EDT 4 AT LA LIRS
DERTNIER LR NTD, E9 L TH Y AT ANRKE
72> TLE D, ZORBEWRL 337 7l
3IDT A AT VA EEEST D70, KITITRT LI,
Tx harg s 2 —oRpVIZHEHEEN T YR & (TFT)
7 L—%& T, BYR(E 5 C PDLC & EHEEREN 35 Z & A
VETH 5, TFT %38 LT PDLC |18 B F & BT
LI, 22 TITESRT FUABIPDLCLY MRS &2
Do ZOT A ZARRNE 2 BITRARIER T m v s
SMB (2 UME PMB) (THEE T 2, ¥ — R &M G S
N33 DBEERLT FLABBH LB IS F—
EHMRFFIZ TFT I2Mx bivd &, LA VEMIZF ¥
U 7 ARG &4, PDLC ICEBR AN E 5,1 2D R A
VERRIIBEEET S TFT O E CRD X SRR, *
D5 1 R EMET D, /4 ERRIE, 7 ML
ABUPDLCLV & [RIERIC, p W% s BOCICAEMT D8 5\
XEOWERT A=HICHbNS, BRT KL AA
PDLCLV Z 5 &, 3-D Y= 7 Z— 3z a3y
MIRDD, ZOT A AFFEFEEHEI TR, Loy
L, fE3DPDLCLY % 3-D HIF A RIZK BT 5 ek 2|
VX, FHR AR REES N0 T, ZORWERR S TH S ),

6. REAZERT D=-HDEMARNAE

2R3N T 4 AT LA TiE, 2 P 7 X
N D EO E & R D 72121, PBS X2 PDLCLV i
TR ARBI R L2 TR H 720, Z2D72HIT
1%, PBS X2 PDLCLV (2R~ 72 TR & i S 72 7 AuiE e & 720,
F7°, PBS X PDLCLY O E CTORFIITIEH L L S, Z
OO, 1/4 HERZBRTHANCE T D720,
NG &R UREREZ R > T\ D, L72h3-> T PBS 3
HARR 72 5 1F, KEDGIT e 0 &2 Wit 5720, 227 U —
NCEET D Z LT, L L, EBEO PBS Tl p Ot
& s WHDFBENTER TRV, BBREDIN A 7
U—AZMm ) AREM R B D, ZOME N EBETE D
LU E TS 5121, PBS X2 PDLCLV OO Ml S BA
RS ARF 2 2835 774U K, 3CHk 15~18 IZFEH STV
5L, PDLCLVICARF 2 2 —F ¢ 735 Z & T, [K5t
Fa 0.4~0.6%IIKB L, A7 U —iCmm ) Hash L
Polld 52 LITHBNAEL TH D, bIEETRE
i3, 1/4 R & PDLC JEORITHA S 2D 110 @GBS
NHDOKHKTH D, BPEMOEITE (1. 9) 1%, PDLC
JEOIESTE (1) X /4 EEROBITE (R4 4—
RABFC B 2K T, HOGRIESTR n,=1. 5443, 2%

«— (9 Projection light

Quater-wave plate

Transparent
common
) eleclrode

(Drain)

~ Sorce Gate. Drain . . . . . .~
” |r - o v -

Glasls substrate

7  Cross section schematic of the electrical addressing type
PDLCLV.
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9  Dependence of the power reflectance of the multilayer
structure shown in Fig.8 on the ITO film thickness d.
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