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Three-dimensional large-screen display with reflection-mode

spatial light modulators and a single-projection optical
system: analysis of a retardation modulation method

Kuniharu TAKIZAWA®

ABSTRACT: A stereoscopic projector with polarized glasses is proposed that consists
of spatial light modulators (SLM's) that control the retardation of projected light,

a polarization beam splitter

(PBS), and

single-projection optics. This display's

features include a three-dimensional (3-D) image display with a single projector and

half the size and the power consumption of a conventional 3-D projector. Analysis
shows that the cross talk and the extinction ratio of this system depend on the

polarized light-separation characteristics

the PBS, the light output, and the

extinction ratio of the SLM's. A double-PBS method that drastically improves 3-D

image quality is also discussed.
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Fig. 1. Basic structure of a conventional 3-D projection-type dis-
play with polarized glasses.
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Fig. 2. Schematic diagram of the proposed 3-D projection-type
display that is based on retardation modulation. PMOggg, light-
modulation block for convertiong p-wave light to s-wave light;
SMOggg, light-modulation block for converting s-wave light to
p-wave light, DM, dichroic mirror; PBS, polarization beam splitter;
Lc, condenser lens; Lp, projection lens; [Lygp, red, green, and blue
electrical signals for the left eye; IRpgp, red, green, and blue electrical
signals for the right eye.
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Fig. 3. Schematic diagram of the proposed 3-D projection-type
display based on light-scattering modulation. Q, quarter-wave
plate; L;, projection lens 1; Ly, projection lens 2; A, aperture.
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Fig. 4. Schematic diagrams of the reflection-mode SLM’s: (@)
optical addressing type and (b) electrical addressing type.
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Table 1. Classification of the Proposed 3-D Projection Display

Type 1: Type 2:
Retardation Scattering
Modulation Modulation

Optical addressing
Electrical addressing

Optical addressing
Electrical addressing
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Fig. 5. Cross-sectional view of the reflection-mode SLM that uses
a DAPmode LC. a-Si:H, amorphous silicon; sub., substrate.
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Fig. 6. Schematic diagram of a monochromatic 3-D projection
system. CRT(L, R), a Brown tube that generates a left-eye or a
right-eye image; L, lens.
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Table 2. Wavelength Dependence of the Ordinary n, and the
Extraordinary n, Refractive Indices of the DAP-Mode Nematic LC*

Refractive Index

Wavelength (nm) n, n,
450 1519 1.752
500 1518 1.734
550 1514 1.702
600 1.509 1.708
650 1.505 1.700

“The LC was LIXXON EN-2000XX. The temperature during
testing was 25 °C.
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Fig. 7 Relation between the transmittance and @ of the DAP-
mode nematic LC ¢hickness of 5 4 m). @, the angle between the
longer axis of LC and the normal line of glass substrate; A, the
wavelength.
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Fig. 8. Transmission-type optical system that corresponds to the
area surrounded by a broken line of the reflection-mode projection
system shown in Fig. 6. PBS, 53, polarization beam splitters in a
parallel Nichol's relation; My, g, transmission-type light modulator
that uses a DAPmode LC; A,B, output light intensity.
T3WMDOPBS, 23 PBS1.23DAPS
EUVMLrH 6% 5 EBRMREF L TH S,
L. ANMOPBS  EHAMDOPBS 23
&, FAT=aVORFKRICHSE, ZZTiE, K8
ERAWT IO YR T LOMKEIGRRIFE & %
¥ %o
ZCOIT, BTOERGEDTIIRY,
OPBS 3BT HPEKE SHEADHIE
fbsnnNT—EkIE ]l —a:aTh5b
@PBS 123 CHNEARERTHSENKEP
PHOBIHE LS NI T —5fEHIE ]l —a la
Th5b
Qald i RIKAF L vEH (0<a < 1)
@ETORTFTOHALIHED S RAR R 5

ELhsn

OB LUV@QD%&MBFE. PBSHFDRESH
T ETOOTH S, BIb, THREDEHES
Wh) PEXLSEXY 1DODPBSTE:L
WS A L IRERICE#ETH Y., PBS %
EET L, BINTAEBLUERT 5KI2IE,
FoERRELY LISEBE L &,
T—a TERINLZERESPEENE, —f%IC
P B S DRSS BEFEE IS RIKES 2R T
CCTIEEE2ED T B0, QD&%
my s,

5.2 7 VAN OGO RS

5.1 HiDBITEHEO~OEHVTINT 4 &
TVATRRENLGEFEED I/ OA M2 8
S ORI R EDERN L L RE RS
Kb B,

T3 R8DETFNVICKEE A c DERKLED
AFTBHEEEZ D, HISIIRT LT, K
HEFICPBS  2@BL. PBS;THIFT A
KD T—%A, PBS ,THIFL. PBS. %
EfE3TIC@BTAED/ 8T —%4BETH, &
:f\A@S&%&ﬁ%Aﬂﬁ%%ﬁﬁ)tL\
CHNERICADT R LHHERT S, /EoT, A
@Pﬁ%&ﬁ@u\%%%%ﬁumﬁiéo:
NODEZEHAVEE, AD I 2 — 7175

Apz +A2
AZAl

2AA  cosd
24 A, sind

A= (2)

THZOND, 72720, 0 U3AEADMAET
b5

PBS:#BEETIHLGHTHILND Iz —F
T FNZNPBLUPRETHE, O, OO
L, mMEE

1/2 1/2-a 0 0
1/2-a 1/2 0 0

P, = _\2 3)
T 0 0 [a(1-a)] 0

0 0 0 [a(l-a)]"*



172 a-172 0 0
a-1/2 172 0 0
= 4)
Pr 0 0 [a@-a)]"* 0
0 0 0 [a(1-a)]"?
TEENDL, (t#RA) EXBIUUTO#R

BT AR, ETATREES 1 IIRE
EL7SBEDOHEAMRETH %,

Tz, WEELMLOI 22— F1T5IFIE, &
WMIZEkoTHEAONBY S T4 ark gLk
TaE,

1 0 0 0
0 cos¢, O -sing
F=10 o 1 0 ()
0 sing, 0 cos¢
THEx LM%, (fF§B) 727XL, 0¢.=n
ThHh,

X (2) ~ 6G) AVWAE, BT —AR

—Ap2+A;2
2_42

ASA,

2A A cosd

| 2A A, sind

= P.FP,

S O O -

[1/4-(1/2-a)’cos ¢ |
(a/2-1/4)(1-cos ¢ ;)

0
| [a(1-a)],(1/2-a)sin ¢ ,

LREND,
X (6) &b, Al AFznzn

» all +(1-2a)cos
Ap = 1
2 _ (1-a)ll - (1-2a)cos ¢ |

A, (7b)
4

(7a)

L b,

FERIC LT, BOPERILS (Rito#Ric
FEVAHIRA W {EES RIS T B) &Sk
%&%(%%%%E)%%\ftTéa\uu

r sz +B?
BB}

2B B c0s I g
| 2B,B; sin d g

= PFP;

S O O =

[1/4-(a-1/2)cos ¢ 4
_ (1/4—11/02)(1—(:05 ¢ R) (8)

| [a(1-a)]"*(a-1/2)sin ¢

LEREIND, 72720, 6gI13B,EBONREZE,
GREEHEIVMTHERAONBY T ay
Thb, R(8) LD, BZ,Bici\ UToRTHES
na,

Bi- (1-a)i1- (l-ia)cos d (%)
B = all+ (1—2:;)cos¢,,! (9b)

ZZT, KIRAEGEERT ARG EVM,
DEBALENEBE (SLMOERE) 2T,
EThHE, M6DEELYD ¢ LT, DORICIE,

T = (1-cos @)

. > (10)

DHENBILY 5o 1
A (10) 2K (7a) BLUTK (7b)
RATH L, ’

AZ= a(l-a)/2 + a(a-1/2)T,

, 5 (11a)
A= a(l-a)/2 + ;l—a)(l—Za)TL (11b)
5, ERIC L’CB;, BYiS.
5= a(l-a)/2 + (Zl-a)(l-Za)TR (122)
52 - a(1-a)/2 +2a(a—1/2)TR (12b)
EREND,

N2 5P Wl A2 Bif)‘ﬁ%f‘\ Af}, Bffﬁ‘%‘té
TETHhorro, ERICABES (1) IHIRIC
ABES (Tg) WEATAEEGEZTRTI/OX L




—zc3X (11b), (12b) &Y

C.=BYA%= [a(1-a) - a(1-2a)T]
L s =

° la(l-a) + (1-a)(1-2a)T,] (13)

THz LMD,

A (13) 13, BE—0WRA DKMV R
CAS LICHEOEEERL TV A,
AFHH D B EEHE A~ 1,7 b 2HEITI
SLMOEFTHRSDBRRERARE 0 RADE
REET, LT HE, T LTI, DLTOHERN

IHIRRE D,

Tmin = TL,R == Tmnx (14)

A/l DN

1-(1- "fli /1A
. J(i Pl agos(za, )]

max

(15)

2

Tmin = Tmax/ 7, (16)
Thb, TIT, g RRELVDHLLTHE,

it\Ekaéﬁwﬁﬁu\&ufﬁﬁé
o, EROMEEIE X, FLREBGHOL &

[2a(1—a) + (1-a)(1-2a)T
L [2a(1-a) + 1-a)1-2a)T

min

- a(1-2a)Ty)
- a(1-2a)T)

(17)

LT. PBSESLMOBOSERGOFEY
EHTH, TITRIE, A7 AKADRE, B
SUEHEBRORF AL EHETH 5,
NP mﬁ@A A% # B, K(11),

(12)r%én5ﬁ%®&w% DIEIZRy =
(1'R1) (1‘Rz) EENTEICR B, (0T, 2
O b= Dffid, PBS®SLMOREEIC
KELZNZLIZHELATH A,

—%. PEABLUSENXD. PBSEKET
R4 L TEMRS 5V IZAIRICA 5 B DIEEEPBS,
i, wFhy
PBS, = a(1-a)R,(1-R,} (18)
TH2OoN5B, $70. PGB LU SERA.
SLMEHETRY L TERD 5V IZEIRICAS
FDEEESLM I3
SLM, = a(1-a)(1-R))'R, (19)
THEzZH6NM5, XBIZD
Thb,

o T, ERICAST 28K21Z. AiROK
Fon l/‘tgiﬁ\o)ﬁﬁﬂi\ BzL:R;; =(1‘R1)4 (I‘Rz)z’i’
e, K(18), (19)of1THEL2LH
206, AL HLKEREH,~ 1,205,
gt 05 8 % 356 DIENILELRIZ.

WTh, Fo/- A

[Rla(1-a) + (1-a)1/2-a)T,,

~a(1/2-a)T, | + a(1-a)R,(1-R)*+ a(1-a)(1-R))'R,]

&~ [RyJa(l-a) + (1-a)1/2-a)T

min

-a(1/2-a)Ty | + a(1-a)R,(1-R )+ a(1-a)(1-R))'R,]

&b, EXBIUKX (13) ODLEREAN
B, GROEREBL 70X -0 %
%5,

5.3 7VANKGIODH B AR O KR
HiffiTid, PBS®SLMEmMTO7 L AN
R0 8 % W48 U 7B R D b L T
KB ORREFE L AT L7C, T2 Tid, filk
DEBE@ET Y BV IZBHEN LI IOV TR
A, L. MITERESCTAHIH, PB
SESLMDONRT —RGHELZFNENR. RE

(20)
THEzb6N 5,

5.4 7))V T — km{%o TR

A2 TROMLBEBDORERES AT LT
FRENDEMEOHELAVRIE, 3RE
DBREXRFV AT LATRRENDLTINVAT—D
NAAREGOEARGHEEBTS KD D Z L AHIR
bo Bz, INH T —VAEEN I TR b —
7C ()it



CyF)=
[Ba(1-a) - a(1-2a){Tx(R) + T(G) + Tx(B)I]
[3a(1-a) + (1-a)(1-2a)iT(R) + T(G)+ T,(B)]

21

THEzb6NM5b, 12720, TR(R). TR(G). Tx(B).
T.(R). T.(G). T,(B)it, 7NHh T —HEE

Thb, 2T, A;(R~1;(R). 2,(G)~2,
G). 2B ~2,B)E, ¥4ruf v 37—
ESLMOFEKRI F—TEDLNER G B
SEEXDERHMEATH S, A.(R),A1.(G), A,
(B)it. R, G B3EEXDFLERTH),
NODEERFORNSLMICAFLA-E &,
ERENRKMEICE 5. 7 (R), 7 (G), 5 (B)I,
R, G, BESLMOELKTH 5,

(R 3a(1-a) + (1-a)1/2-0)T, . (R) +T,.,(G) + T, (BN - all/2-a)TyR) + T(R) + TB)| + 3a(l-a)R (1-R )"+ 3a(1-a1-R)'R}]

LR(F) = Ryf3a(l-a) + (1-a)(1/2-a)IT,

m

(R +T,.(G) + T, (B - a(1/2-0)TyR)* T(RY* B + a(l-a)R (1-R)+ 3a(1-a)(1-R)'Ry

KFEIATLOREL L CEIRICASR G B3
BEaXeH#E+TsS LMOERERTHY)., Fh
FNUTOHBEAICHIBR IS,

Trin(R) =T,z (R) < T, (R),

T,

min(G) =T 5 (G) = T, (G), (22)
Toin(B) STy g (B) = T,.,(B),

7277l

Tmax(R) = A(R)
[1- (A(R)- A (R))" L cos (mA (R)/A)d 1],
AR

2

Tmnx(G) = /1‘((;)
[1- (A(G)- 2 (G))" '[; cos (m A (G)/A)d A],
2

£G)

(23)

A
2

Tmax(R) = A8
u-(AxBrA;B»*j.%m(nAJByAmAL
48

Tmax(R)
7 (R),
Tmax(R)
7(G),
Tmax(R)
7 (B),

Tmin(R ) =

Tmin(G) =

(24)

Tmin(B) =

(25)

Retnd sEEDTNVH T —LEERER T 1
ATV A DEHEERF)IE, K(20), (23),
(24)xHVBLR(25)THExabLNS,

5.5 MITERLER
K(21),(25)EHNTINVA T —LHKE

7 1 27V A ORREGOFFE % BT K

DEZLIETERETHLMN, NTA—IHETE

TRALAEL, £2T, 22Tk, R(13)

~(16)%HVT, HEEHEEN /TR =2

REtE L7, —BlE LT, HEXDEEHS00

~590 nmDFHED, ERDI/TA b= CLL

SLMOZERET,OBFEER 9 (a) ~ () ITRT,

ZZT. PBSORESHEEELRS /1T A —

#1x, a=0.005 001, 0.02, 0.04% L7z, F7-,

AIRAS LMOZERER, Tx=0.1,05, 07,09

EL, TRHOREY, DTOI LGN 5,

Q/7aAb+—27iZPBSDalli®i{KFL, ab’
KEVIZEHAT S,

@7uR =ik, EFHIDSVE EHKT
%

QLR (HBWVIIHIR) DruA =2k, A
iR (HBVITEIR) ICABEFTEI/NENIZ
AT 5,

@EIREARAS LMOZEFEALE LVgA (T,
=Tp). BRAVECIERERIOZ b=
T B,

Ok, COVATF LY EHEDPBS 2 LE
ETBIERERL TS, #IFENDPBS Tt
AHEOEIChLENax /NS THZLITIE
WICHHETH D, FOHFIZOWTITRETH




C.

10+ L 1 L L

0 02 04 06 08 1
Tu

0.2 0.4 0.6 0.8 1
T.
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