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FI ELD The present invention relates to an illum nation opfi cal System for
il'lum nating an object in a bal anced nmanner, an image display apparatus
conprising such an illum nation optical system and a spatial nodul ation
device illumnated by the illum nation optical system and a nmethod of
illumnating such a spatial nodul ation device. BACKGROUND ART | n recent

years, for exanple, a projection type Riquid crystal display apparatus
panel as an

using a spatial nodul ation devi typified by a liquid crystal
swi t chi ng device, and n&éﬂﬁﬁ)ﬂ%ﬂ@% projecting an i mage on the

opti cal

liquid crystal panel on a screen by a projection optical system such as a
liquid crystal projector or the |ike has been widely used. As the liquid

crystal display apparatus of this kind, a single panel system conprising

one |iqui &L ATINel IORTICAlg t NSESTERMor fIMAGE of Hdpiag). R

(red) and G (green), and a three-panel system conprising three nonochrone
liquid 25ABRARATTID06AND crVEBH@BNeOF f QLIUMQIATPRIAS $haBrAR! ve). R

(red) and G (green) are
MODULATION DEVICE

TECHNICAL FIELD
The present invention relates to an illumination optical
system for illumingting an object in a balanced manner, an image
display gp’paratus comprising such an illuminatién optical system
and a spatial modulation device illuminated by the illumination
~ optical system, and a methodr of illuminating such a spatial

modulation device.

BACKGROUND ART
In recent years, for exémple, a projection type liquid crystal
display apparatus using a spatial modulation device typified by a
liquid crystal panel as an optical switching device, and magnifying
and projecting an image on the liquid crystal panel on a screen by a
projection optical system such as a liquid cfystal projector or the
like hgs been widely used. As the liquid crystal display apparatus
of this kind, a single-panel system comprising one liquid crystal
‘panel including three color filters of B (blue), R (red) and G (green),

gnd a three-panel system comprising three monochrome liquid




cited. As a light source of an illumnation optical systemin such a

projection type liquid crystal display apparatus, a netal |, 1,de , a

super high pressure nmercury lanp or the |like which has azsggcrtl bleﬁlzj!())@égp

em ssi on spectrum throughout the wavel ength range of visible light is

generally used. FIG 10 shows an em ssion spectrum of the super high

pressure nercury lanp. As shown in FIG 10, the em ssion spectrum of the

super high pressure nmercury lanp contains a few energy peaks. In the

em ssi on spectrum |ight having an enei2gy peak PB in a wavel ength range of

400 nmto 480 used as.blue light,, and Iight havi ng an energy peak PG
B

mis
in a wavel®h Pr""i'ﬂ?d% 1gr ondirpliaths 5B (hhueks Rideedhandr@dgreémhare Furt her,

light in a, vel ength range of 620 nmto 700 nmis used as red |ight.
However , &btegﬁomn in FIG 10, in such a super high pressure nercury |anp,
conpared to blue light and green light, the relative intensity of red
light is consi deradight soufrte cifeat . ilMumidatioheop tieslbfiwneiayswh a red
| i ght component, the white bal ance of a projectedimge finally obtained

tends t owardjegtieantygredligie crgstall dieplaphppaeh s, £MEE:] ']QalF)(lﬁés Ezfﬁl@' es

cannot be obtained. Therefore, the intensities of a green bnponent

and a bl ua bught higeRaRi auurake! dahly Sediredise it Adiust the

white bal ance, thereby favorabl e color nderi ng propertiés ar 8bt ai ned.

ggclof;gg,eéc%rﬁ;ggggl;g d1RYE46h spdbiSHED thRBo PR thi NG 240 e|3nthih| lrgx%en otce
visible light is generally used.

FIG. 10 shows an emission spectrum of the super high
pr_éssure mercury lamp. As shown in FIG. 10, the emission
spectrum of the super high pressure mercury lamp contains a few
energy peaks. In the emission spectrum, light having an energy

‘peak PB in a wavelength range of 400 nm to 480 nm is used as blue
light, and light having an energy peak PG in a wavelength range of
490 nm to 550 nm is used as green light. Further, light in a
wavelength range of 620 nm to 700 nm is used as red light.

However, as shown in: FIG. 10, in such a super high pressure
mercury lamp, compared to blue light an‘d green light, the relative
intensity of red light is considerably insufficient. Due to the
insufficiency of a red light component, the white balance of a
projected image finally obtained tends toward green and blue, so
favorable color rendering properties cannot be obtained. Therefore,
the intensities of a green light component and a blue light

component are unavoidably reduced so as to adjust the white

balance, thereby favorable color rendering properties are obtained.




resulting in the occurrence of such a problemthat the brightness of the

projected i mage cannot be sufficiently obtained. Further en,ssi on
spectrumin FIG 10 contains a yellow 1|ight conponent orzsﬁc(%%breggg@ | i ght
conponent having a higher energy peak PY than the energy |evel of a red
waveband in a wavel ength range of around 580 nm The presence of the

yel | ow conponent or the orange conponent causes a problemin the col or
rendering properties of the projected i mage, such as changing the original
color of the projected i mage which shodld be red to orange, or changing

the origi |.or_of . fh roj ect i e ich should bhe green to
yel | ow grfelgk&%ﬁ’ tlﬁes%cglsg %ﬁgbg 1 ﬁ}ge H’ﬁ‘g'@ Rioaaapgenderinegstierabye probl em
occurs in a Ii;/i]ke magﬁer. In view of the foregoing, enbodinents of the
i nvent i onrepsl”z; e 12 416 PTHTRALE Oh shish @d?l'ﬁé’agme dlathe drigigavessrofcol or
renderi ng pro(gjfeart i‘£$ whil e ensuring sufficient illumnance, an inmage
display SpRF¥eGted smagessannaten safficlendhy ohtaimedopt i cal system and a
spatial nodul ation device illumnated by the illumnation optical -system
and a met hod dfurthamithet emgssioohspectpan dn FEGU! B0 icofitai@Vh Gelldlk SCLOSURE
OF THE | NVENTI ON According to a first aspect of the invention, there is
provi ded light idomponent oo ant i eaingy 6 € bhé&hh %hawink! %Sthi%h%t sour ce;
‘a second light source having a 25 Cctober 2006 4 different em ssion
spect r umeneegyapealti $Y othAPeid WhReRky! Mvdl 0¥t a red waveband in a

wavelength range of around 580 nm. The presence of the yellow

component or the orange component causes a problem in the color

rendering properties of the projected image, such as changing the

original color of the projected image which should be red to orange,

or changing the original color of the projected image which should be

green to yellow-green. In the case where the metal halide lamp is

used, the problem occurs in a like manner.,

In view of the foregoing, embodiments of the invention provide

an illumination optical system having superior color rendering

properties while ensuring sufficient illuminance, an image display -

apparatus comprising such an illumination optical system and a

spatial modulation device illuminated by the illumination optical

system, and a method of illuminating such a spatial modulation

device,

DISCLOSURE OF THE INVENTION
According to a first aspect of the invention, there is provided
an illumination optical system, comprising: a first light source; a

- second light source having a




| i ght source; and a replacenent optical systemreplacing light in a

speci fic waveband in a lum nous flue fromthe first Iighrz5 (ﬂﬁ%ez&&§h a
| um nous flux fromthe second |ight source. In this case, "the f G nous
flux fromthe second |ight source preferably has an intensity peak in the
above specific waveband, and when the specific waveband is a red waveband,
alight-emtting diode or a red | aser g4having a peak in the red waveband is
preferably used as the second |ight source. Mreover, the replacenent

opti cal diffeeenbconigtiog specthem &R HARIH Ss96n ts%%ci:ﬂﬁﬁ”&f g@e el}?nysttt ing a

preferably include a light synthesis device synthesizing a
e i LB . ah At 1 i
ol ar Zed o Ly noce e mopLacintht nted byt 38pBifls fight di flon and a

pol ari zed lum nous flux polarized In-a

ol ar 287 ot aeaepPnd BER MIBWIRES Rt B, (RRIPER BaRF sRSTeH itk o o

pol'ari zed | um nous flux po
pol ari zat,i - i device,sel ectively . rotating oply  [|ight polarized in
the fi rs%1 g‘gﬁ{ﬁ?’g‘gt ﬁgr}l‘ 19 cfﬁ%rﬁelcﬂnfih shicsonree. WAy elHsdcase.t tle | unmi nous
flux eni&ted from heJ%i ht i%nthesis .device to the second polarization
di rect i oh"4HBO¥E| LMY 93‘ rhérsargndordight i sprrasolpmeferablyn hase sxecond
polarizagion directjgn in the specific waveband in the |um nous fl ux
eni tted PHEMSIHePprEHR they aboveispedtfic wavebamnte drid sthepoths ispatifon
direction, and a polarizing device allowing only a linearly polarized
| umi nousWRNVekand 1she féd staveluimd,i aaliphe-edhitelid diodd orhg Jedmiagus 1 ux
emtted fromthe 25 Cctober 2006 5 .
having a peak in the red waveband is preferably used as the second
light source.
Moreover, the replacement optical system according to the
embodiments of the invention may preferably include a light
 synthesis device synthesizing and emitting a luminous flux
incident from the first light source as a first linearly polarized
luminous flux polarized in a first polarization direction and a
luminous flux incident from the second light source as a second
linearly polarized luminous flux polarized in a second polarization
direction, a polarization rotating device selectively rotating only
light polarized in the first polarization direction in the specific
waveband in the luminous flux emitted from the light synthesis
device to the second polarization direction and selectively rotating
only light polarized in the second polarization direction in the
specific waveband in the luminous flux emitted from the light
synthesis device to the first polarization direction, and a polarizing

| device allowing only a linearly polarized luminous flux in the first

polarization direction in the luminous flux emitted from the




pol ari zation rotating device pass through. Conversely, the above-described

repl acenent optical system may include a polarization r i I ce
selectively rotating only |light polarized in the first gﬁ?&%ﬁ?&ﬁn
direction in a waveband other than the specific waveband in the | um nous

flux emtted from the light synthesis device to the second pol ari zation
direction and selectively rotating onld |ight polarized in the second
pol ari zat directi O{]a[ti'n waveband ot her. than the specific waveband in

i
t he |um_r¥g°3%“fﬁaﬁﬁ?‘bﬁ? A0 eghse Rass thrauglunt hesis device to the first
polarization digection and a polarizing device allowing only a linearly
‘pol arized | um versgaly. i the h@%‘@fdﬁﬁbmgeérr@abemeuﬁtr epticab sydteihe
| um nous flux enjtted fromthe polarization rotating device pass through.
In the il MRY daclute @ppplatizationemtationy denire seleebiodlyaotstisl bAE
invention, lLight in the specific waveband in the |um nous flux fromthe

first |ighghdonplarized riapltheedintt holdiezd tigh N@LS ok lowx ihr aMRepsggond | ght
source having a different em ssion spectrumfromthe em ssion spectrum of

the first oth@thamwmesmiﬂhewae@b@ﬁ@rfﬁnﬁhé)l)&ﬁiﬁbu§>f‘f&£{£?itf§8ff%¥’ | i ght
In e

in the specific waveband with.weak |ight intensity um nous fl ux

fromthe the dight gphtleedisClerial Re Ui e, | yminous {1 yx with
sufficient i ntensi?y fromthe secoﬁ}égrglegﬁflﬂ é\%ltja:}ézeatlﬁ%ctgvﬁic B 818 second

Appar at us” aeea e Crat KB et ROfaried o VRe ShroRl DA BRROpL i cal

systgm Ai2RAibR! i QO A AL D18 4O Yan %;%%GSpecific waveband in the
luminous flux emitted from the light synthesis device to the first
polarization direction, and a polarizing device allowing only a
linearly polarized luminous flux in the second polarization direction

~in the luminous flux emitted from the polarization rotating device -

pass through.

In the illumination optical system according to embodiments of the
mvention, light in the specific waveband in the Iuminous flux from the
first light source is replaced with the luminous flux from the second light

source having a different emission spectrum from the emission

spectrum of the first light source by the replacement optical system.

Thereby, light in the specific wa‘}eband with weak light intensity in
‘the luminous flux from the first light source can be replaced with
the luminous flux with sufficient intensity from the second light

source.

According to a second aspect of the pres'ent invention, there is
provided an image display apparatus according to the invention

comprising: an illumination optical system, a spatial - modulation




6 device using a luminous flux emitted fromthe illumination optical

systemas illumnation light, and carrying out selective ti.al
nodul ati on on a pixel dot basis to forman optical i nage,zg\?sﬁfé(ﬁﬁﬂooq he

illum nation optical systemconprises: a first light source, a second

| i ght source having a different em ssion spectrumfroma wavel ength
spectrumof the first |ight source, and a replacenent optical system
replacing light in a specific waveband in a lumnous flux fromthe first
light source with a lumnous flux from&he second |ight source. In the

| mage di sp} ay apparatus._accordi to enmpbodi ments of the invention, in the
i | |'um nat ido%‘){fj%t RF & EPHRF‘.O‘HSié pRItted from; thec Ilaydnatton opticed

| um nous flux from tﬁe first light source is replaced with the | um nous

fl ux fromstvﬁge@eé&ndl ryRatiyy  Rghkaand) camyingrent sedectizeoapapiadt rum
froman em ssion spectrumof the first Iight source by the replacenent

opti cal s%fe&ﬂatmmw, pixedrdot hasshe tosfoeni fanc opticabantagé,t wheealn | i ght
intensity-in the lumnous flux fromthe first |light source can be replaced
wi t h -t he Khei Hbuminatien ebtical fyfstenemompiieasi by fircomMighe sageed 4ight. In
a nethod of illumnating a spatial nodul ati on device according to

enbodi mensecoofd tight meentd dravinie oS Pafferén RO RI6 R - GR fE8AT 1985 OUt

sel ective spatial nodulation on a pixel dot basis to forman optical

| mge, ansabbRermbhegooupi | 6ot st IOkl LhRE 8 BBty | UX T OM
a first light source; enmtting a |umnous flux f r’o_m a Secoand |gﬂ1t source
having a githé£r §ste B8l RIngPEShE Y1 4 "PeAle FAHaAN 4R 4 §8885,3006

flux from the first light source with a luminous flux from the second
light source.

In the image display apparatus according to embodiments of the
invention, in the illumination optical system, light in the specific waveband
m the luminous flux from the first light source is replaced with the
luminous flux from the second light source having a different
‘emission spectrum from an emission spectrum of the first Light
source by the replacement optical system. Thereby, light in the
specific waveband with weak light intensity in the luminous flux
from the first light source can be i'eplaced with the luminous flux
with sufficient intensity from the second light. |

In a method of illuminating a spatial modulation device
according to embodiments of the invention, the sﬁatial modulation device
carries out selective spatial modulation on a pixel dot basis to form an
optical image, and the method comprises the steps of: emitting a luminous
flux from a first light source; emitting a luminous flux from a second

light source having a different emission spectrum from an emission




7 spectrumof the first light source; replacing light in a specific

waveband in the lumnous flux fromthe first |ight sourcezs\%ttrbt?ﬁoﬁ
| um nous flux emtted fromthe second |ight source; and guicﬁ(ﬁger e

| um nous flux fromthe first light source in a state where the light in

t he specific waveband is replaced with the |um nous flux fromthe second

| i ght source to the spatial nodul ation device. In the nethod of
illumnating a spatial nodul ation device according to enbodi nents of the
invention, after light in the specific7 waveband in the |uminous flux from
ched with the lumnqus flux fromthe second

the first light soukrce is.repla L |
| i ght souFB%gti’f n@f at%(ﬁ xste Highte movaren repdeeingmlighin ian ampecibie
spectrumof the first | ilght_ source, the lum nous flux fromthe first |ight
sour ce i sWgedaad: m the Iupinous fhvdfremi the dnstcddghtseneby, withgtiie i n t he
specific waveband wth weak light intensity in the lum nous flux fromthe
first |ightminens farxcamibied épimcidee sédcdnd bightusenees alduguidinlp eid i ci ent
intensity fromthe second |ight source. BRI EF DESCRI PTI ON OF THE DRAW NGS.

FIG 1 isluembsohenfinixcfrobmbheifestdight BoeaCin arstatpevhé b/t He INSHAl
di spl ay apparatus according to an enbodi nent of the invention; FIG 2 is a

oL P esantasns.mibaspiad Wy Wi R M e
di splay apeshatlishe8oWtd b Fhspitiad mBihPRGEn e 8
In the method of illuminating a spatial modulation device
according to embodiments of the mvention, after light in the specific
waveband in the luminous flux from the first light source is replaced with the
luminous flux from the second light source having a different
emission spectrum from an emission spectrum of the first light
source, the luminous flux from the first light source is guided to the
spatial modulation device.\ Thereby, light in the specific waveband
with weak light intensity in the luminous flux from the first light

source can be replaced with the luminous flux with sufficient

intensity from the second light source.

BRIEF DESCRIPTION OF THE DRAWINGS .

FIG. 1 is a schematic plan view of a projection type liquid
crystal display apparatus according to an embodiment of the
invention;

FIG. 2 is a sectional view of optical paths in a fly-eye lens

. portion and a polarization converting device of the projection type -

liquid c;'ystal display apparatus shown in FIG. 1;




FIG 3 is an enlarged sectional view of a part of the polarization
converting device showmn in FIG 2; FIG 4 is a schematic yge s&;aq(r:tive Vi ew
of the optical paths in the fly-eye lens portion and t he géﬂt 2998 on
converting device of the projection type liquid crystal display apparatus
shown in FIG 1; FIG 5 is a sectional view of optical paths in another
fly-eye Jens portion and another polarization converting device of the
projection type liquid crystal display apparatus showmn in FIG 1; FIG 6 is
an enl arged sectional view of a part oB the polarization converting device

shown in FIG ?,QJT:I g . 7A and /B are sectional views showi ng polarization
directions of EA&H-déhtis Ui nebkangedx eseativnalPrisepasatd opasynoheshe devi ce

shown in FI &Fél; FIGs. 8A through 8C are plots of. the wavel ength spectrum
of a |unPRAREZRIgR ¢onvarbing deviggrshdven inoFEGt Bon type |iquid crystal
di spl ay apparatus shown in FIG 1; FIGs. 9A and 9B are sectional views of

anot her enbodi Héfit bfs sasgimntizapérspectivl iy Vit opfidad REhE 21 NY
plate shown in FIGs. 7A and 7B; and FIG 10 is a plot of afn em ssion

spect rum the flyrypé dahs popeion HhdRher i £a t1Bh - FOR
CARRYI NG QUT THE | NVENTI ON Preferred enbodi rrentcdg@g#?ﬁg %%Egae-rﬁ%vent I on

ar e descrhdofbn G5patRguaDBfy sl Wi a kRl b SR T8 FIGT §9 1O the

acconpanyi ng draw ngs.
FIG. 5 is a sectional view of optical paths in another fly-eye

lens portion and another polarization converting device of the
projection type liquid crystal display apparatus shown in FIG. 1;

FIG. 6 is an enlarged sectional view of a part of the
polarization converting device shown in FIG. 5;

FIGs. 7A_a1_1d 7B are sectional views showing polarization
directions of incident luminous fluxes in a PS separation/synthesié
device shown in FIG. 1; |

FIGs. 8A through 8C are plots of the wavelength spectrum of a
luminous flux passing through the projection type liquid crystal
display apparatus shown in FIG. 1; |

F1Gs. 9A-and 9B are sectional views of another embodiment of
a polarization rotating device and a polarizing plate shown in FIGs.
7A and 7B; and

FIG. _10 is a plot of an emission spectr'um in a typical super

high pressure mercury lamp.

BEST MODE FOR CARRYING OUT THE INVENTION

o Preferred embodiments of the present invention are described




At first, referring to FIG 1, the structure of a liquid crystal display

apparatus as an inmage di splay apparatus according to an odi of the
invention will be described below. In the enbodinent, " ?S%&eﬁﬁ(ﬁ% a side

closer to a |light source when viewed froman object, and "back"” neans a
si de opposite to the light source when viewed fromthe object. FIG 1
shows a schematic view of the liquid crystal display apparatus according
to the enbodi nrent when viewed fromdirectly above or side. The liquid
crystal display apparatus is a three-panel system projection type col or
liquid crystal di spl,la apparatus, and conprises a first optical systeml
and a secohBYp: detan g?@f"éﬁ?@.ﬂmtﬂﬂh@tﬂ@g@ﬂipmiyiﬂgsimwihgmcl udes a first
l'ight source 11, a second |light source 21 and a PS separation/synthesis
device 16. A Abdirsdl refarsing tohEL6i nkf tlee stedcuredhft @ liguih cepsiadal axi s
10) of a lumnous flux fromthe first light source 11 and a central axis

.20 (her elisplagrapmiretnsdas amintagolispidy aipard®s Gccdrdifp R8USnT | UX
fromthe second |ight source 21 are substantially orthogonal to each

other, arsgnbbdimensephiridid ARVeNRIIESHIIIIDE R stBibled (i')ieﬁFF]’&.SEd%nt e PoOsition
where the optical axes 10 and 20 intersect wth each other. e frrst

optical wtabeAirkeht! "Nt NELUASS 22 stld - QY¥Eel 835a ﬁg#g' Q@%&\%ﬂi@e%r e

pol ari zati on converting device 14 and a condenser

di d f ity |1 ghte ) 11 and.{he PS. ti.on/ t hesi
vt oo 10 Bl SRcroRl o dNiRk, ASTbSR Tfaihs I Sude Foniise SB36% Bkt om tho

device 16 along the opti

FTrst 1 gBbr8 Wi bewd P& dr the SBjd g3 System 1 further
FIG. 1 shows a schématic view of the liquid crystal display
apparatus according to the embodiment when viewed from directly
above or side. The l_iquid crystzil display apparatué is a three-panel
system projectibn type color liquid crystal display apparatus, and
comprises a first optical system 1 and a second optical system 2.
The first optical system 1 includes a first light source 11, a
- second light source 21 and a PS separation/synthesis device 16. A
central axis 10 (hereinafter referred to as an optical axis 10) of a
luminous ﬂux from the first light source 11 and a central axis 20
(hereinafter referred to as an opticai axis 20) of a luminous flux
from the second light source 21 are substantially orthogonal to each
other, and the PS separation/syntheéis device 16 is disposed in a
position where the optical axes 10 and 20 intersect with each other.
The first optical system 1 further includes a fly-eye lens
- portion 13, a polarization converting device 14 and a condenser lens
15 which are disposed between the first light source 11 and the PS

separation/synthesis device 16 along the optical axis 10 in order




includes a collimator lens 22, a fly-eye lens portion 23,' a polarization

converting device 24 and a condenser |ens 25 which are i ed, bet ween
the second light source 21 and the PS separation/syntheg'rs:cc,(?cg‘aw8@5a 6 al ong
the optical axis 20 in order fromthe second |light source 21. The first
optical system 1 further includes a polarization rotating device 17 and a
polarizing plate 18 which are disposed in order along the optical axis 10
at the back of the PS separation/synthesis device 16. Herein, the first
optical system.l corresponds to a spedific exanple of "an illum nation
optical systeni in the_invention. Moreover, an optical system i ncluding
the. pol arfront ithe Esakdighthgoutesides Theafiust2opticad RStempdr Auitheesynt hesi s
device 16,. the polarization rotating device 17 and the polarizing plate

18 corransbades t @ acdpeuatarc kemanp22, oA 'fiy-eepl deaseiioredi ca8, systemt  in.
the invention. Further, the polarization converting device 14 corresponds

to a speqgdlacizmtiowplcenvértingf dédice @ ahtZaltbAleA98Y Bid 28 wHRA§re! N the
i nvention, and the polarization converting device 24 corresponds to a

speci fi c dixpopdd® detweHeCohs Q@c@ﬁﬂ?aﬁkgf‘ _s%%@?‘[%r 99 sANEe | pd he

I nventi on. The PS_separation/synth¢S|§ “device corresponds to a specific
xaTD! ¢ Gepitab iR Ao 18 o cHEphONET AR 287, bl o -,
18 cor  odnn % SbLO RN Baurdsan® AN Bkt Bpti Bl awstenol Grbhenr i ng
devi ce” iiﬂcltlﬂleesi Vpeo%lirioz%:tion rotating device 17 and a polarizing plate 18
which are disposed in order along the optical axis 10 at the back of
- the PS separation/synthesis device 186.
Herein, the first optical system 1 corresponds to a specific
- example of "an illumination optical system" in the invention.
»Moreover, an optical system including the polarization converting
devices 14 and 24, the PS separation/synthesis device 16, the
polarization rotating device 17 and the polarizing plate 18
~corresponds to a specific example of "a replacement optical system”
in the invention. Further, the polarization converting .device 14
corresponds to a specific example of "a first polarization converting
means" in the invention, and the polarization converting device 24
corresponds toc a speciﬂc example of "a second polarizationl
converting means" in the invention. The PS separation/synthesis
device 16 corresponds to a specific example of "a light synthesis
device" in the invention, and the polarization rotating device 17

corresponds to a specific example of "a polarization rotating device"

in the inven_tion, and the polarizing plate 18 corresponds to a




The first light source 11 includes a | um nous body 11A and a concave

mrror 11B with rotational symmetry. As the |um nous bo 1A,
exanpl e, a super high pressure nmercury |anp having a co%iéﬁﬁ@fgggﬁq ssion

spectrum t hroughout the wavel ength range of visible light is used.
Alternatively, for exanple, a netal halide |anp may be used. The concave
mrror 11B preferably has a shape wth as high condensing efficiency as
possi ble, so, for exanple, a spheroidal mrror is preferable. As the
second light source 21, a |light-enittiing diode (LED) or a red |laser having

a different em ssion sgggtru fromthe em ssion spectrumof the first

I ght soufRECIC example ofi"apolapieine idevice!piecthe inventsband, that is, a red
waveband W (f,g‘heex,a l e, ranging from620 nmto 700 nm and nore
preferably fromestsshiighd suscandl iischisbe rlefmindus bb@y BB whidch will be
described later). The collimator |lens 22 has a function of converting a

| umi nous canaaveemritrongliBomitlhercdationdl! sphtmsny! CeA2 1t @nfAnbywai Nous
flux substantially parallel to the optical axis 20. The fly-eye lens

portion Iodndlddder @xbinisle, laenipar hiph p3dsane né_réﬁfﬁ%}hﬁgﬁviﬁfg gy 132

di sposed between the polarization converting device 1 part of

the repl anertbntoaptdrtisios stk @Rdth ffudi ' ’ Ll @rder from
the first light source 11,@and correspoén%%é‘% (t)hggdg%‘e’%flaﬁggﬁel%a%q é’?of "a
eye lens.

fzisrg:t oggié%géﬁ%%izto%o?ﬁéggaé%%%@?aﬁéggﬁatf{;ﬁié?%ﬁg iog'rP%hglz%Iﬁhﬁ%i a fourth
lens arra¥mp may be used. The concave mirror 11B preferably has a shape
with as high condensing efficiency as possible, so, for example, a
spheroidal mirror is preferable. As the second light source 21, a
light-emitting diode (LED) or a red laser having a different emission
spectrum from the emission spectrum of the first light source 11,
and having a peak in a specific waveband, that is, a red waveband W
(for example, ranging from 620 nm to 700 nm, and more preferably
fyom 625 nm to 645 nm) is used (refer to FIG. 8B which will be
described later).

The collimator lens 22 has a fﬁnctidn of converting a luminous
flux emitting from the second light source 21 into a luminous flux
substantially parallel to the optical axis 20. e

The fly-eye lens portion 13 includes a first lens array 131 and
a second lens array 182 disposed between the polarization
converting device 14 which is a part of the replacement optical
system and the first light source 11 in order from the first light

source 11, and corresponds to a specific example of "a first

uniformization optical system" in the invention. The fly-eye lens




232 di sposed between the pol arization converting device 24 which is

anot her part of the replacenent optical systemand the s d.li source
21 in order fromthe second |ight source 21, and corresp(éﬁg:g"toqef)gg&specific

exanpl e of "a second uniform zation optical system in the invention. The
fly-eye lens portions 13 and 23 function as integrators for diffusing

| um nous fluxes emtted fromthe first light source 11 and the second

| ight source 21 to uniforman in-plane illum nance distribution in |iquid
crystal panels 40R, 40G and 40B (herdiZnafter generically referred to as
"l'iquid crystal ganel 40" . as, necessary) which will be described |ater.
The f1y- ep@riteRs2pdncledes azthird) lans deeay i28ddand adibartletlant dmtsgr. The
pol ari zation converting device 14 has a function of converting a |um nous
flux fron28Aalisppsed biegweendirecpolirization acohivieeting doee! 34 paliani ged

| um nous flux (P-polarized |lumnous flux) polarized in a first

pol ari zat anethtir part ofi thangdplemeharpzaddl oy steANYaRt M 6 has a
function of converting a |um nous flux frgé%the secorﬁ;égﬁag)ht sgﬁéce 21

nto a seanndel 214aréNaokoki 1RE sduTHNBYAL hiikcd ggggﬁdr{gq kofshyfiaous 11 ux)

pol ari zed in a second polarization direction ort i'rst
pol ari-zatf§oon $Hdcelt i AmpldEbeny, P- B l.um nous flux peans a
3 O R PR R P £ o oA ped T o

linearly polarized lumnous flux I'n

'n'a pl areCortveBbon noehec BYFERE TR nArhEnd ki nmd Pnfuledon w6 0

i'n a pla

pos 11 on 1HREEE R S5t ABLSANY fumtRofs WAL Emilled] B 30 A0 fch™™
source 11 and the second light source 21 to uniform an in-plane
illuminance distribution in liquid crystal panels 40R, 40G and 40B
(hereinafter generically referred to as "liguid crystal panel 40" as
necessary) which will be described later. The fly-eye leﬁs portion
13 will be described in more detail later.

The polarization converting device 14 has a function of
converting a luminous flux from the first light source 11 into a first
linearly polarized Iuminous flux (P-polarized luminous flux)

_polarized in a first polarization direction, and the polarization
converting device 24 has a function of converting a luminous flux
from the second light source 21 into a‘ second linearly polarized
lgminoﬁs flux (S-polarized luminous flux) polariéed in a second
polarization direction orthogonal to the first polarizétion direction.
Herein, the P-polarized luminous flux means a linearly polarized
luminous flux in which a vibration direction of an electric vector of

light entered into a targeted sample plane is included in a plane of

incidence (a plane including a normal line stood in a position where




| um nous flux neans a linearly polarized |lumnous flux in which a

vi bration direction of an electric vector is in a plane %561%0”@96{,“0 t he
pl ane of incidence. The pol arization converting devices Cal ol i1l be

described in nore detail |later. The condenser |enses 15 and 25 condense a
plurality of small |um nous fluxes emtted fromthe polarization
converting devices 14 and 24, respectively. The condenser |enses 15 and 25
may be di sposed on an em ssion side of the PS separation/synthesis device

16. The PS separation/synthesis devicel316 synthesizes the first linearly
| um nous f1 ux

pol ari zed_l ynipous flux and the second, |linearly polarized |

with a | ol #gléﬁl 1§n8n?%%q‘{:d3§lﬁt\%l F}PFW%SW&@H),MM the S-polarized

separati op/ synt he%i'di?E surface ]16A ,\/\/Tere a polarization separation/synthesis
filmis ffﬂlﬂé‘a"‘i‘% ReR0S B, Ainsarly melarized g monss fixdoviwhich6aper f or s
functionsﬁi%f passing the first linearly polarized |umnous flux which is
the P-pol Boragien dixaating of| aix alpeirée eotayhisvinha hdadeyorthpgbaak toand
reflecting the second |linearly polarized |um nous flux which is the

S-pol ari Zéw plame eduscidenceon The mdpaiatiancsyntdapsdeteéaqa 484 with
hardly any loss. The polarization rotating device 17 is a polarization

rot ati ng 24imillcke descripedaveiergtdetad gbivity which rotates the
pol arization direction of only light in the above described specific

waveband (red Ple Cohdbaker Whses 45N G doMNiehBe ad"pﬁﬁﬁilﬁ’ﬁ”&f LiHapous flux
by 90 degrees, and

luminous fluxes emitted from the polarization converting devices 14
and 24, respectively. The condenser lenses 15 and 25 may be
disposed on an emission side of the PS separation/synthesis device
16.

The PS separation/synthesis device 16 synthesizes the first
linearly polarized luminous flux and the second linearly polarized
luminous flux with a low loss, and includes two prisms bonded with
a separation/syntheéis surface 16A where a polarization
separation/synthesis film is formed in between. The PS
separation/synthesis device 16 performs functions of passing the
first linearly polarized luminous flux which is the P-polarized
laminous ﬂux therethrough with hardly any loss, and reflecting the
second linearly polarized luminous flux which is the S-polarized
Iuminous flux on the separation/synthesis surface 16A with hardly
any loss.
| The polarization rotating deviée 17 is a polarization rotating
device having wavelength selectivity which rotates the polarizat.ion

direction of only light in the above-described specific waveband (red




allowing light in the other waveband pass through w thout rotation.

Therefore, in the first linearly polarized | um nous fl ux red @ m the
first light source 11 into the polarization rotating dev?ggﬂﬁgFmg %f

pol ari zation direction of only light in the above-described waveband is
selectively rotated fromthe first polarization direction (P- polarization
direction) to the second polarization direction (S polarization
direction). On the other hand, in the _second |inearly polarized |um nous
flux entered fromthe second |ight sodfice 21 into the polarization

rotating Vi 7 he pol ari zation directi of . only Light in the
above-de§%§ygégnépgﬁ$f¥%‘Vbﬁ@ﬁgﬁﬂﬁigqﬁHQﬂHﬁ % hpt 0 cdegresm tard second
pol ari zati,on directi.on -pol ari zation direction) to the first

pol ar i zat%ﬁ?}wmg zlﬁthtow %ﬁe PShar iwarskandipasstthoangbsithout xtetionhe
above-descri bed specific waveband is a red waveband (for exanple, ranging
from 620 xedoryoim e dinsstlimearly| golegidedalwminews fhx entéres fronspect r um
band of the second light source 21, in the second I|inearly polarized

| umi nous thleubirst bipht Frevgree dildintiogtiie polaieatibn idtatimolaviceal 7othgli rections
of all wavel ength conponents in the second Ilinearly polarized | um nous

flux fromdaeizaeiwanditdcgivn 80onte 1%htal® the AwrAdEsribed Re PRlRIMEat i on
direction. As the polarization rotating device 17 having such wavel ength

) et vt elaTpomsEnel . (RSO Mg tepiser
| umi nous plol 4Rz ReloR" | di2dctibn Neo f IESt sRARE | pB1AIPadlbACHiEER:&E (-
polarization.direction).
On the other hand, in the second linearly polarized luminous
flux entered from the second light source 21 into the polarization
- rotating device 17, the polarization direction of only light in the
above-described specific waveband is selectively rotated from the.
second polarization direction (S-polarization direction) to the first
polarization direction (P-polai'ization direction). Herein, when the
- above-described specific waveband is a red waveband (for example,
ranging from 620 nm to 700 nm) substantially equivalent to the
emission spectrum band of the second light source 21, in the second
linearly polarized luminous flux from the sec_ond light source 21, the
polarization directions of all wavelength components in the second
linearly polarized luminous flux from the second light source 21 are
rotated to the P'polérization direction.
As the polarization rotating device 17 having such wavelength

selectivity, for example, "ColorSelect" of ColorLink Inc. can be used.

The polarizing plate 18 allows_ only a linearly polarized




pol ari zation direction) in linearly polarized |lumnous fluxes emtted from

the polarization rotating device 17 pass through. The d L B about
this will be given |ater. The second optical system?2 i ngﬁﬁfgke@e{j?@?roi

mrrors 36R and 36G disposed in order along the optical axis 10 at the
back of the polarizing plate 18 with a predeterm ned space, a reflective
mrror 37A disposed on the optical axis at the back of the dichroic mrror
36G a reflective mrror 37B di sposed on an axis passing through the
center of the reflective mrror 37A adé being orthogonal to the optical
axis 10, and.a reflective mrror. 37C di sposed_on an axi s passing through
the cent et BI9Y: JPxhpolarizef, dp A th odarizatioan gdirgrction t(g’e opti cal
axis 10. The dichroi¢ mrraqrs 36R and 36G have a function of separating a
whi te | urPHgEZation darsatia) 1 dinaardy polarized dynpinaues fluges remitted or
conmponent lights of R (red) and G (green) which are fundanental col or

di spl ays,framd thd | pelamzatibe cotatingondmreat 17| ipghiss throaghi r ecThen
orthogonal to the incident direction. The reflective mrror 37A reflects a

bl ue conpdesentptiomhbpubthihwitl be gieemilmigry col or component after
separating fromred and green conmponents by passing through the dichroic

mrrors 36R arthé66eord opicdl s98téan2 Qﬁ&ﬁ%ﬂi’i‘ch&ﬁié Jgfirfcﬁ%i S6R1a,Y rection,
e

and the reflective mrror 37B further reflects t ue conponent i ght

)G P e Sl the PSR, ) HEER BRI 12,122,
the red ¢RIRAYEY plate 18 with a predetermined space, a reflective mirror
37A disposed on the optical axis at the back of the dichroic mirror
36G, a reflective mirror 37B disposed on an axis passing through the
center of the reflective mirror 37A and being orthogonal to the
optical axis 10, and a reflectivé mirror 37C disposed on an axis
passing through the ceﬁter of the dichroic mirror 36R and being

orthogonal to the optical axis 10.

The dichroic mirrors 36R and 36G have a function of
separating a White luminous flux emitted from the pola,rizing plate
18 into color component lights of R (red) and G (green) which are
fundamental color displays, and reflecting the color component
lights in a direction orthogonal to the incident direction. The
_ .reﬂectifre mirror 37A reflects a blue component light, which is a
remaining color component after separating from red and green
components by passing through the dichroic mirrors 36R and 36, in
a direction orthogonal to the incident direction, and the reflective

mirror 37B further reflects the blue component light reflected on the

reflective mirror 37A in a direction orthogonal to the incident




| i ght separated by'and reflected on the dichroic nirror 36Rin a direction

orthogonal to the incident direction. The second opti cal m rther
i ncl udes condenser |enses 38R, 38G and 38B di sposed in §§§°&@€f§%4¢mk1ere

each light reflected on the reflective mrrors 37A, 37B and 37C travel s,
respectively, and liquid crystal panels 40R, 40G and 40B di sposed on

em ssion sides of -the condenser |enses 38R, 38G and 38B, respectively. The
condenser | enses 38R, 38G and 38B condense conponent |ights of red, green
and ‘bl ue separated by the dichroic mrlbors 36R and 36G  and a pol ari zati on

filter (ngt_shown) r copverting the incident light into nore perfect
| i near po %cﬁlﬁf’i’on&\?‘? JP@&BE’&? rEe B¢ xaflectantheined sotgwnemtt he

condenser .| enses 38R _38G and 38B. The |Iliquid crystal panels 40R, 40G and
40B have Y&ffirsanagated byoanfareiiecteHeopothe idighroie diirest i36R dh aach col or
conponent _|ight passed througg t he condenser | enses 38R, 38G and 38B on a

pi xel  dodinggtion ertbegdnal te dhedokidemgdireetiba. di spl ayed. Herein, the
liquid crystal panel 40 corresponds to a specific exanple of "a spatial

nodul ati on devlbe'secontdhepticaksystem 2Thethes Indldd 65thdSystrePnest i ||
further includes a dichroic prismfor color synthesis 42 disposed in a

posi-tion 38Ry 88Gnanadi 38Bhispbsad iRrLARL Y FAHUR" 4 i yc mrror
36G and the liquid crystal panel 40G ar?d an axi s %%.(gisih g%tl%rf%gg‘% t he

e hbacd sy 2518 R AR S o on -
~side of tihgu &}%%Ppanels 40R, 40G and 40B disposed on emission sides of
| the condenser lenses 38R, 38G and 38B, respectively. The
condenser lenses 38R, 38G and 38B condense component lights of
red, green and blue separated by the dichroic mirrors 36R and 36G,
and a polarization filter (not shown) for converting the incident light
into more perfect linear polarization is disposed on each of the
emission sides of the condenser lenses 38R, 38G and 38B. The
liguid crystal panels 40R, 40G and 40B have a function of
modulating the polarization direction of each color component light
passed through the condenser lenses 38R, 38G and 38B on a pixel
dot basis according to each image to be displayed. Herein, the
liquid crystal panel \40 corresponds to a specific example of "a

spatial modulation device" in the Invention.

The second optical system 2 still further includes a dichroic
prism for color synthesis 42 disposed in a position where an axis
passing through the centers of the dichroic mirror 36G and the
rliquid crystal panel 40G and an axis passing through the centers of

the liquid crystal panels 40R and 40B intersect with each other, and




prismfor color synthesis 42 (that is, on an axis passing through the

centers of the dichroic mrror 36G and the liquid crysta nel and on
a side opposite to the liquid crystal panel 403G . The d?éﬁf‘;{ﬁ% r%&?%smfor ]

col or synthesis 42 synthesizes col or conponent |ights having passed
through the liquid crystal panel 40R, 40G and 40B and emts synthesized
light, and the projection | ens 43 condenses and projects the synthesized
light emitted fromthe dichroic prismfor color synthesis 42 on a screen
31. Moreover, a condenser lens 32 is diZsposed between the dichroic mrror
36G and the refl ective mrraor 37A, and a condenser |lens 33 is disposed

bet ween thePTBPFEER; i;‘émm‘iﬁ Sisposedand e eruishiva iside rmfr they digliBoicThe
condenser |l enses 32 and 33 are di sposed in consideration of a fact that an
opti cal pR¥IFM é%tﬁﬁlﬂtl‘osstlﬁélelsm&ﬂd(tglﬂysisabnpwmalxiﬂ@ﬁssing tkspagldithg to the
bl ue conponent light is Ionger than optical path |lengths corresponding to
the red ceemfenerof thegHiclamdc hirrgr S6G aabphodiduid ghistad pareli s0@asi er for
t he bl ue conponent light to be dispersed. Thereby, the blue conponent

light is dndtémraceiitenssbsite otd el QB yofalt Bankl UgogprPopgat i ght
can be prevented from being declined. xt, referring to FIGs. 2 through

4, the stdiuhi:@ﬂ’cegriﬁmtﬂﬁl Edt))]\é)r gyﬁt}&é‘éﬁ PO el e@ng?ltogg?cg\%)gé}eé@t | on

converting device 14 wil escribed in“nore deta FI'G 2 shows
e it Rl g 0 40 et R REPUT 4841
passing tyPugigt e ARY I SAlin3% s & Olight, and the projection lens 43
condenses and projects the synthesized light emitted from the
dichroic prism. for color synthesis 42 on a screen 31.

Moreover, a condenser lens 32 is disposed between the dichroic
mirror 36G and the reflective mirror 37A, and a condenser lens 33 is
disposed between the reflective mirror 37A and the reflective mirror
37B. The condenser lenses 32 and 33 are disposed in consideration
of a fact that an optical path length to the liquid crystal panel 40B
corresponding to the blue component light is longer than optical
path lengths corresponding to the red component light and the green
component light, so it is easier for the blue component light to be

-dispersed. Thereby, the blue component light is further condensed,
so the intensity of the blue component light can be prevented from
being declined.

Next, referring to FIGs. 2 th_rough 4, the structures of the fly-
eye lens portion 13 and the polarization converting device 14 will be
described in more detail below. FIG. 2 shows a sectional view of

the fly-eye lens portion 13 and the polarization converting device 14




and bei ng perpendicular to a paper plane, and FIG 3 shows an enlarged

view of a part of the polarization converting device 14 i |G 2,
and FIG 4 shows a schenmatic perspective view of the fl %ggf?ggh%%%d%port i on

13 and the polarization converting device 14. In FIGs. 2 and 3, in order
to avoid mxing up a line indicating a beam path, cross-hatching is not
shown. Further, in FIG 4, conponents fromthe condenser lens 15 to the
condenser |enses 38R, 38G and 38B are not shown. As shown in FIGs. 2 and

4, the first lens array 131 which is @8 part of the fly-eye lens portion 13
| ens .el eqents_(micro | enses) two

i ncl udes a karge.nugber of m nute

di mensi onat I@‘%I ilgwg;??naﬁg%g'é‘ pé?ﬁ?\é’%‘éﬁ”ﬁg royghr the aptécalpaxisalOaxi s 10,
and separ at | um nous f]| u>ies substantially parallel to one another from
the fir stali“fi[;;]i’u‘fm%é’t‘}lrE%n@&Cq AT ot & Inaner plard, endl FIGunBnshews| ares by
each lens elenent to condense each of them The shape of each | ens el enent
of the fi%]firgéﬁsvma@f a3part of ¥heapolaritdiros hepevaftingedévigai fidcr yst al
panel 40, and the lens elenent and the liquid crystal panel 40 have an

i mage corgheyer dnr BlGt i2ormsid FIGIN stevond scnamatic gye rbpe chivieClicys oZnot her
part of the fly-eye Ilens portion 13 includes a plurality of |ens el enents

two- di mahei fipasyieylealsi Igcm;ibn‘,(lﬁr@ﬁ&(m@iMa&&a&ﬁﬁhc@ﬁvéfﬁng%i% quents of
the first lens array 131. Each lens elenent of the second lens array 132

S Lo s o e G 12
beam path, cross-hatching is not shown. Further, in FIG. 4,
components from the condenser lens 15 to the condenser lenses 38R,
38G and 38B are not shown.

As shown in FIGs. 2 and 4, the first lens array 131 which is a
part of the fly-eye lens portion 13 includes a large number of minute
lens elements {micro lenses) -twcrdimensionally aligned along a

- plane perpendicular to the optical axis 10, and separates luminous
fluxes substantially parallel to one another from the first light
sourcé‘ 11 into a plurality of small luminous fluxes by each lens
element to condense each of them. The shape of each lens element
of the first lens array 131 is similar to the shape of the liquid crystal
panel 40, and the lens element and the liquid crystal panel 40 have
an image conjugate relationship.

The second lens array 132 which is another part of the fly-eye
lens portion 13 includes a plurality of lens elements two-
dimensionally aligned corresponding to each of the lens elements of

the first lens array 131. Each lens element of the second lens array

132 emits the small luminous fluxes incident from a corresponding




smal | | um nous fluxes. on one another. The small [ um nous fl uxes emtted

fromthe lens el ements of the second lens array 132 are 2§?§? %10 n
surfaces of the liquid crystal panels 40R, 40G and 40B D e condenser

| ens 15, and are superinposed on one another thereon. The pol ari zati on
converting device 14 disposed at the back of the fly-eye lens portion 13
I ncl udes a PS separation prismarray 141 and a phase plate 142. The PS
separation. prismarray 141 includes PS separation prisnms 141A having a
strip shape and a square cross sectid® and reflective prisms 141B (refer

to FIG Si whi ch are t{grfnat ely aligned. The PS separation prisns 141A
and the +81 & ?Wétp‘ﬂi the fivstplens apspyelBt smest to apertmppse Hhequi val ent

to half the width of each lens elenment of the first and the second |ens
arrays 139madH lugtinogpdlpees epapaei amofdrdrs m T4 Amall hideindwo flusieangul ar
prisns w.th a base angle of 45 degrees, .of which oblique surfaces are
bonded t oeptitted, frod thee lbnadeldnsentsaoé it aebSndepacabiay sigd age 141C
where a PS separation filmis formed. The PS separation prism141Ais

di sposed conddmded o svefi®ss of tHh&RSdsagatat ?QHePJ 46 4bélAniiSapRsi ti oned
on an optical axis 145 of each |lens el enent o the first and the second

lens arrayp. fhdl ceRdensddr 18nES1HOIAHd Zalk Ype ggsédﬂqﬂlmf BBtheF+S)
S |

emtted fromthe second |lens array 132 to a tocus at approxi mately
the cent gfhae8ohhe PS separation - - --- ---------- -- 25 Cctober 2006 20

The polarization converting device 14 disposed at the back of

the fly-eye lens portion 13 includes a PS separation prism a{rray 141

and a phase plate 142. The PS separation prism array 141 includes
PS separation prisms 141A having a strip shape and a square cross
section, and reflective prisms 141B (refer to FIG. 3) which are
alternately aligned. The PS separation prisms 141A and the
reflective prisms 141B are formed so as to have Va width equivalent
to haif the width of each lens element of the first and the second
lens arrays 131 and 132.

The PS separation prism 141A includes two triangular prisms
with a base angle of 45 de.grees, of which oblique surfaces are
bonded together, and the bonded surface is a PS separation surface
141C where ‘a PS separa{tion film is formed. The PS separation
prism 141A is disposed so that the center of the PS separation prism
141A isr posifioned on an optical axis 145 of each lens element of the
first and the second lens arrays 131 and 132. A PS polarization
mixed luminous flux (P+S) emitted from the second lens array 132

comes into a focus at approximately the center on the PS separation




surface 141C, and is separated into the P-polarized |umnous flux P1 which

travels in the same direction as the incident direction
S-polarized lumnous flux S which travels in a directioniggF%%%B%%ﬁ to the

i ncident direction. The reflective prism 141B i ncludes two triangul ar
prisms with the sanme shape as that of the triangular prismof the PS
separation prism 141A and oblique surfaces of the triangular prisns are
bonded together. The bonded surface is a reflective surface 141D where a
reflective filmis forned. The refl ect20ve prism 141B is di sposed so that
the center of the reflective prism141B is_placed in a position

cor r esporitiifgcee d4d (hand shsepavated infe thenB-polamzedslunainawefiux Bleach
other in the first and the second lens arrays 131 and 132. The reflective
surface ™hizhtratalsreftibecsime direstiobddBthe dhtislems dibeciSepaiad thed

| um nous flux S reflected on the PS separation surface 141C of the PS

separ at i dirpolasizeddiininows fldixr §ovhich arhbeliofala direttioni SilRdNadi rection
whi l e keeping the polarization direction. Thereby, a main | um nous beam

146 enit ttgdkhd hyivbhe diwfckRet i ve prism 141B becones parallel to a direction
of the optical axis 145 which is a main | um nous beam of the incident

~lum nous f 1l ux 2L flbSki kL 2CiA Qf i i ' . 1). The
PS separation %ﬁ?gﬁﬂgﬁlgg p%z%]ﬁdio%gﬂnlgltdﬁggsegggrt%?%/n?‘#g]%t}%ﬂ% sF%el'%g}(l)nded

N g s e
. has a p'I %&?sx%h?l&elAv,M tarr]ldt %%hsqz%lr(ree ssuir%gcgs? of the triangular i)i'is%?s Og;eober 2006
| bonded together. The bonded surface is a reflective surface 141D
where a reflective film is formed. The reflective prism 141B is
disposed so that the center of the reflective prism 141B is placed in
a position corresponding to a portion between the lens elements
adjacent to each other in the first and the second lens arrays 131
and 132. The reflective surface 141D of the reflective prism 141B
_ reﬂecté the S-polarized luminous flux S reflected on the PS
separation surface 141C of the PS separation prism 141A in a
direction orthogonal to the incident direction while keeping the
| polarization direction. Thereby, a main luminous beam 146 emitted
from the reflective prism 141B becomes parallel to a direction of the
optical axis 145 which is a main luminous beam_of the incident
luminous flux (that is, a direction of the optical axis 10 in FIG. 1).
The PS separation prism array 141 does not necessarily include the
bonde-d prisms having a strip shape and a square cross section, and

may include rhombic prisms with the same shape and the same size.

The phase plate 142 has a plate shape with the same size as




21 that of an em ssion surface of each reflective prism141B, and is

di sposed in proximty to or in contact with the em ssion e each
reflective prism 141B. The phase plate 142 is al so calleé§gkLﬁhf%@%hve
plate, and is nmade of, for exanple, white mca, a synthetic resin
exhibiting a double refraction phenomenon or the like. The phase plate 142
causes a phase difference of half the wavel ength of the incident |um nous
flux between electric vector conponents orthogonal to each other in the

i ncident |um nous flux. Thereby, the2polarization direction of the
S-polarized luminous flux S entered to the phase plate 142 is rotated by
90 degr eddhadoof ip emissen pirface af pack neflectivex psism 241 B ehdidsa
P-pol ari zed lum nous flux P2. Consequently, alnost all of the PS

pol ari zatdispos¢d dd prarinmdystd bnxescéitast witlethd dmidsien paldaee aifi on
converting device 14 are converted into the P-polarized |umnous fluxes P1

and P2 t eacherefiottied, prient dnkB ed The @phiagpi sRite POARisZaldo0Ballelt £7
renoving the S-polarized conponent and allowi ng only P-polarization pass

through, ll€Resey ploms aHd (e LRNYE fol Mk arp X | i SITe i
referring to FI Gs.p 5 and 6, the structures Ic))f ’tvﬂgﬁgl y}eye 5YI(i}{rggé(%cl)(c:)rtion 23

.and t he i MY | 4G 3\ ri b w. FIG 5
shows a gg%?f ﬁlbi\/%?%gv%o;@{ Hele?ﬁé}?ée{géeisflg%%g\ﬁ%%ﬁ |88n8]§§ gngﬁgheei;)}g? ari zation
ng.t hrough
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shows an gnl ?ﬁgﬁ%n-t luminous flux between electric vector componeﬁts
orthogonal to each other in the incident luminous flux. Thereby,
the polarization direction of the S-polarized luminous flux S entered
to the phase plate 142 is rotated by 90 degrees so that the S-
polarized luminous flux S is emitted as a P-polarized luminous flux
P2.
Consequently, almost all of the PS polarization mixed
luminous fluxes (P+S) entered to the polarization converting device
14 are converted into the P-polarized luminous fluxes P1 and P2 to
be emitted, so compared to a typical polarization filter removing the
S-polarized component and allowing only P-polarization pass
through, a energy loss during converting is extremely small.

-Next, referring to FIGs. 5 and 6, the strucfures of the fly-eye
lens portion 23 and the polarization converting device 24 will be
described below. FIG. 5 shows a sectional view of the fly-eye lens
portion 23 and the polarization converting device 24 shown in FIG. 1

taken along a plane passing through the optical axis 20 and being

perpendicular to a paper plane, and FIG. 6 shows an enlarged




25 Oct ober 2006 22 sectional view of a part of the polarization converting

device 24- shown in FIG 5. In FIGs. 5 and 6, in order t ' KXl Ng up a
| ine indicating a beam path, cross-hatching is not shovm%sgc(yé%(r)\%}%dﬁ n Fl Gs.

5 and 6, the structures of the fly-eye lens portion 23 and the

pol ari zation converting device 24 are substantially the sane as those of
the fly-eye lens portion 13 and the polarization converting device 14
shown in FIG. 2 and 3. However, while a lumnous flux emtted fromthe
pol ari zation converting device 14 is gghe P-pol arized |um nous flux, a

|l um nous flux emtted fromthe polarization converting device 24 is the S
pol ari zeds¢atmomalyiéwurf S parthiof dHeenmlarizayioi konvieetinigs davivar 4of t he
fly-eye lens portion 23 includes a | arge nunber of mnute | ens elenents

whi ch- arshéwn- i RIGkI SnallhyFéGkgGesnd 26\dis epdeatwSabeid RA¥ng lip<gs from
the collimator |l ens 22 substantially parallel to one another into a

- Plural i tyiiab in@ddtihm Bos bhiesroldY IRACKiRENS flTEAm 1 O condense  each
of . them The shape of each 1ens el enent 01} he thir ens array 231 is

B AT I A Tl 9 o,
ol udes BOTSTeS 21 il dhe' SpEREIAioR chotartiie diEhsiUharry Al i oned
o e ah iRl e, o thosd'of B AFeyS NS (Aefidh T3%ng2c" 'ome
the polarization converting device 14 shown in FIGs. 2 and 3.
_However, while a luminous flux emitted from the polarization
converting device 14 is the P-polarized luminous flux, a luminoﬁs
flux emitted from the polarization converting device 24 is the S-
polaiized luminous flux S.
A third lens array 231 which is a part of the fly-eye lené
portion 23 includes a large number of minute lens elements which
are two-dimensionally aligned, and separates luminous fluxes from
~ the collimator lens 22 substantially parallel to one another into a
plurality of small luminous fluxes by each lens element to condense
- each of them. The shape of each lens element of the third lens
array 231 is similar to the shape of the liquid crystal panel 40, and
the lens element -and the liquid crysial panel 40 have an image
conjugate relationship.
The fourth lens array 232 which is another part of the fly-eye
lens portion 23 includes a plurality of lens elements which are two

dimensionally aligned corresponding to each lens element of the

;third lens array 231. Each lens element of the fourth lens array




25 Cctober 2006 23 232 emts the small | um nous fluxes incident froma

corresponding lens elenent in the third lens array 231 %g&% 1.95006
superinpose the small |um nous fluxes on one another. The sms]ﬂf um nous

fluxes emtted fromthe lens elenents of the fourth lens array 232 are
condensed on surfaces of the liquid crystal panels 40R, 40G and 40R by a
condenser |ens 25, and are superinposed on one another thereon. The

pol ari zati on converting device 24 disposed at the back of the fly-eye |ens
portion 23 includes a PS separation pd3smarray 241 and a phase plate 242.
The PS separation prismarray 241 includes PS separation prisns 241A

havi ng. a 48#i9Mmitsaple smaall Wignaus flaxes ywideoh foom 2 aorresponslipgi sms 2418
(refer to FIG_6) which are alternately aligned. The PS separation prisns
241A and lems elegneattiny thethivd lens Bimay 28dnee ssot@superhapesa thiedt h
equivalent to half the width of each Ilens elenent of the third and the
fourth .|smalbhinwmisofi8iflanes 282ondhendiharepdPRé ismar emndhbAfwxekudes two
triangular prisne wth a base angle of 45 degrees, of which oblique

surfaces anéitefonted tlhgdehsr eloatéhih@fOeWadusth 1868 hsrady BBosgRar ation
surface 241C where a PS separation filmis formed. The PS separation

pri sm 241hyddemRed éh ARt HNtIRPIIGARY &mﬁggeisg@gb‘ggqﬁnal nt of

the third and the fourth | ens arrays 231" an ol arrzatton m xed .

o ) L L5 1488, BEORALC[UBoncl b 1 GRIRES M 2
thereon. |

The polarization converting device 24 disposed at the back 6f

the fly-eye lens portion 23 includes a PS separation prism array 241

and a phase plate 242. The PS separation prism array 241 includes

~ PS separation prisms 241A having a strip shape and a square cross

section and reflective prisms 241B (refer to FIG. 6) which are

alternately aligned. The PS separation prisms 241A and the

- reflective prisms 241B are formed so as to have a width equivalent

to ‘half the width of each lens element of the third and the fourth
lens arrays 231 and 232. |

| The PS separation prism 241A includes two triangular prisms

with a base angle of 45 degrees, of which oblique surfaces are

bonded together, and the bonded surface is a PS separation surface

241C Wh-ere a PS separation film is formed. The PS separation

prism 241A is pritioned on an optical axis 245 of each lens element

of the third and the fourth lens arrays 231 and 232. A PS

polarization mixed luminous flux (P+S) emitted from the fourth lens

array 232 comes into a focus at approximately the center on the PS




25 Cctober 2006 24 separation surface 241C, and is separated into the
P-pol arized |um nous flux P which travels in the sane di ' t he
incident direction and the S-polarized |lum nous flux S \%;li%%hdb?'?%@%l sin a
direction orthogonal to the incident direction. The phase plate 242 has a
pl ate shape with the sane size as that of an em ssion surface of each PS
separation prism241A, and is disposed in proximty to or in contact with
the em ssion surface of each PS separation prism 241A. The pol arization
direction of the P-polarized |um nou84flux entered to the phase plate 242
is rotated by 90 degrees so_that the P-polarized [um nous flux is emtted
as a S pEParaiion |safases2Allx spd Twmesenanadedi intqrihemPpomrisedect s t he
S-polarized Jumnous flux S reflected on the PS separation surface 241C by
the ref| demippussfluxaPewhidlp travelsdinr the isome ditegonalast the hecidant dent
direction while keeping the polarization direction. Thereby, a main

| uni nous dibectiv48ndf thé eS-popatiaed zhoninvas dlsx f$ uxhieh arhvéldidrom t he
reflective prism 241B becones parallel to a direction of the optical axis

245 whi cllirectaomdirth bgonh abLs the dheident MErédtgdslent | um nous flux (that is,
a direction of the optical axis 20 in FIG 1). Next, actions and functions

of Lhe | 1aul d THe phlsech kit a42 3RAR 3 1ate AR With the! BB hiod fent Wi 1|

be described below. At Tirst, referring t act’i ons the whol e

the 111t Rap0r B nlGERArLRCE OB APPSRl b PRIR, OFs® O 17

disposed in proximity to or in contact with the emission surface of

-each PS separation prism 241A. The polarization direction of the
P-polarized luminous flux entered to the phase plate 242 is rotated
by 90 degrees so that the P-polarized luminous flux is emitted as a
S-pelarized luminous flux S1.

The reﬂective prism 241B reflects the S-polarized luminous
flux S reflected on the PS separation surface 241C by the reflective
surface 241D in a direction orthogonal to the incident direction
~while keeping the polarization direction. Thereby, a main luminous
beam 246 of the S-polarized luminous flux S2 emitted from the
reflective prism 241B becomes parallel to a direction of the optical
axis 245 which is a main luminous beam of the incident luminous
flux (that is, a direction of the optical axis 20 in FIG. 1).

Next, actions and functions of the liquid crystal display
apparatus according to the embodiment will be described below.

At first, referring to FIG. 1, actions of the whole display
apparatus according to the embodiment will be described below.

In the first optical system 1, a luminous flux L1 emitted from




25 Cctober 2006 25 the first light source 11 passes through the fly-eye

| ens portion 13, the polarization converting device 14, EQﬁﬂﬁ%FQ ser |ens
15, the PS separation/synthesis device 16, the polarizaglon rotating
device 17 and the polarizing plate 18 in order, and travels toward the
second optical system 2 disposed next to the first optical systeml. On
the other hand, a lumnous flux L2 emtted fromthe second |ight source

21 passes through the collimtor lens 22, the fly-eye lens portion 23, the
pol ari zation converting device 24, thé&5condenser |ens 25, the PS
separation/synthesis device 16, the polarization rotating device 17 and
the pol ar ¥he dirsp|laght sguree dddpassesnthrousaleitbetByeye lons pedtdon 13pti cal
system 2. In this case, the |lum nous fluxes LI and L2 having passed

t hrough the polarization ptuvertity devireld, thaedndensendess U5 xhelBSL2) .
Functions of the first optical system1 will be described later. The m xed

1 umi nous déparatidn/isghthesisndepiesst6, the qugdhrifion dodaiinighdepicat 718 of the
first optical system 1l enters into the dichroic mrrors 36R and 36G (refer

to FIG lindfitHopoRaceitk PRIt inSyfidimad BrafelS owkia thepaba 1 or

36R separates a red conponent light fromthe m xed |um nous flux (L1+L2),

and 1 ef | egit§cal Hestess ?&f%?@ﬁ@tne'ﬂt%ttﬂé"fi%ggioé@%tail WsLhNPIORA ¢he the

incident “direction. The dichroic mrror eparates a green conponent
| LI: gm o}c L%%??ﬁ%%‘gg lgﬁnr %#is%é{‘;ﬂ% %élhlig%eg%ﬁp‘)%l n Efaﬁsosnl%ldatﬁm %lfj?%gcefjrfect i on
ort hogonajl };)gsggs? tf:ur']é:lilg ert],}le Cé:ioiﬁ%aitg{'] 1ef$\s %b?%h%oﬁp%?r%qtens portion 23,
the polarization converting device 24, the condenser lens 25, the PS
separation/synthesis device 16, the polarization rotating device 17
and the polarizing plate 18 in order, and travels toward the second
optical system 2. In this case, the luminous fluxes L1 and L2
having passed through the polarizing plate 18 become a mixed
luminous flux (L1+L2). Functions of the first optical system 1 will
be described later.

The mixed luminous flux (L1+L2) having passed through the
polarizing plate 18 of the first optical system 1 enters into the
dichroic mirrors 36R and 36G (refer to FIG. 1) of the second optical
system 2 in order. The dichroic mirror 36R separates a red
.componeﬁt Light from 1_:he mixed luminous flux (L1+L2), and reflects
the red component light in a direction orthbgonal to the incident
direction_. The dichroic mirror 36G separates a green component
light from the mixed luminous flux (L1+L2) having passed through
the dichroic mirror 36R, and reflects the green component light in a

di_rectio_n orthogonal to the incident direction. A blue component




25 Cctober 2006 26 |ight having passed through the dichroic mrror 36G

passes through the condenser lens 32, and is reflected i I I I on
orthogonal to the incident direction by the reflective %?F%%&mﬁg%##ﬁﬁter
the red conponent light reflected on the dichroic mrror 36R is reflected
in a direction orthogonal to the incident direction by the reflective
mrror 37C, the red conponent |ight passes through the condenser |ens 38R
and enters to the liquid crystal panel 40R.  The green conponent |i ght
reflected on the dichroic mrror 36G 2passes through the condenser |ens
38G and enters to the liquid crystal panel 40G The blue conponent |ight
ref | ect edlight thavingaiassed thyomighr the Highfoictthamop 866G padsesttouph
condenser lens 33, and is reflected in a direction orthogonal to the

i nci dent the eoniensdry lenh B2 efdddsinedlovied dn 37BredfionPaghoFohAl @Hgh the
condenser lens 38B, then enters to the liquid crystal panel 40B. The

l'iquid critss blcipenediret@Rn BY Ghanek I8 veOhAkfort BEA. pol ari zation directions
of the col or conponent lights of R (red), G (green) and B (blue),

respectively, gfeptihented CompodNedt 1iPRDGePleIPH on AW dStdoib ﬁuﬁ'?g ﬁ{

component |ights. After the i'ntensity of eac col or  conpone (
o o0 elad e d AP RAT Sps AELAH TN, g
HENEEN A e A AT I G
Tt o R s Jons a8k ERd"SRbers fo the Mquil Srystal panel 0B,
The green component light reflected on the dichroic mirror 36G
passes through the condenser lens 38G, and enters to the liquid
crystal panel 40G. The blue component light reflected on the
reflective mirror 37A further passes through the condenser lens 383,
and 1s reflected in a direction orthogonal to the incident direction by
t.he reflective mirror 37B, and passes through the condenser lens
38B, then enters to the liquid crystal panel 40B.
The liquid crystal panels 40R, 40G and 40B rotate the
polarization directions of the color component lights of R (red), G
{green) and B (blue), respectively, according to a color image signal,
and emit the Acolor component lights. After the intensii;.y of each
‘color componeht light emitted from each of the liguid crystal panels
‘40R, 40G and 40B is modulated by a polarizing plate (not shown),
each color component light enters to the dichroic prism for color
_synthesis 42 from a different side surface for each color. In the

dichroic prism for color synthesis 42, the red component Light, the

. green component light and the blue component light are synthesized,




R 25 Cctober 2006 27 and the synthesized light is emtted
to be projected on the screen 31 by the projection |ens ape of
each lens elenent of the first and the third | ens array%§§§¥%§§%ﬁ%31 i's
simlar to the shape of the liquid crystal panel 40, and they have a inage
conjugate rel ationship. Therefore, as shown in FIGs. 2 and 5, each snall

| um nous flux having passed through each |ens element of the first and the
third lens arrays 131 and 231 is nagnified and projected on the |liquid
crystal panel 40, and is superinpose@7thereon. Thereby, even if the
intensity distribution in the cross section of the lum nous flux is not

uni form aeddhe syndhesiied light sxemittedstot be phejddtedtornble tsbgedhgnd | ens

arrays 131 and 231, the illum nance distribution on the liquid crystal
panel 40bpéhonmejatidn téentdl3y uni form Next, referring to FIGs. 1 through
8C, the functions of the first optical system1l as the illum nation

optical systenThée abagiensf bacht1Basesaas fEst tMb Ifird2ea H§SHo! llgpgdetail
bel ow. FIGs. 7A and ng is schematic sectiona vl‘#é%v% shov?/i ﬁgg(tihlgng

pol ar i zat 44yl IFChhANDS Phs shif1d iy ggégghgh%fltheﬁggu@%&m e

when the lum nous fluxes LI an roug
~separati ofp s hgs, eV GE - t he.pol.ari zati on,r.ot atyj vice 17 and
the pol a_r%i %gﬁpﬁg‘%g }%éyé %Flléj'gl.g%ﬁoﬁ#?%%&hr%létt%}ﬁpot sTg‘?regﬁY%s?%n _
spectrunsyin a-p teymn position jn.the illumnation optical] system
accor di ngghot%gtlﬁeﬁﬁgoﬁ‘r@ﬁ%’l fagh C%mah, lyminous A1yx haying paserfl ari zat i on

through each lens element of the first and the third lens arrays 131

and 231 is magnified and projected on the liquid crystal panel 40,
and is superimposed thereon. Thereby, even if the intensity
distribution in the cross section of the luminous flux is not uniform
before the luminous flux enters to the first and the third lens arrays
131 and 231, the illuminance distribution on -trhe liquid erystal panel
40 becomes sufficiently uniform.

Next, referring to FIGs. 1 through 8C, the functions of the
first optical system 1 as the illumination optical system according to
the embodiment will be described in detail below. FIGs. 7A and 7B
is schematic sectional views showing the polarization directions of
‘the luminous flux L1 and the luminous flux L.2 when the luminous
_ﬂuxes L1 and L2 pass through thé PS separation/synthesis device 186,
the polarization rotating device 17 and the polarizing plate 18.
FIGs. 8A through 8C are plots of emission spectrums in a
predetermined position in the illumination optical system according

‘to the embodiment. In FIGs. 1, 8, 5, 7A and 7B, the polarization

. direction of P-polarization (in a paper plane) is indicated with a




direction of Ppolarization (in a paper plane) is indicated with a 25

Cct ober 2006 28 "doubl e- headed arrow', and the polarizaggeﬁ()i{ﬁﬁ%ion of
S- polarization (perpendicular to the paper plane) is in |ca%e8 wth "".

At first, referring to FIGs. 1 through 6, functions fromthe first |ight
source 11 to the PS separation/synthesis device 16, and functions fromthe
second light source 21 to the PS separation/synthesis device 16 will be
descri bed below. The first light source 11 emits the lumnous flux L1
substantially parallel to the optical 28xis 10. The lumnous flux L1 is a
PS pol ari zation m xed | um nous flux including the P-polarized conponent
and the Sdsoibderheatledbmaonewt, aThd | the npudafizakion dawrceis | 6f 0S-he first
|l ens array 131 of the fly-eye lens portion 13, and is separated into a

pl ural i t ypalhrismtion Kpeipadichlamxes thy papel glans) iehedrated WatBMmeto FIG 2).
Each of the small |um nous fluxes passes through the proximty of the

center of eachAtdirstspefeinflg! ENFIG. eTefhrddbd e ARKAIGhY SPomAEREY 132,

and the small |um nous fluxes enter into the polarization converting

devi ce 144t 1i2h¢ RRST 19 4o, L DS R 'a%ki?ofﬂ/é;gx?tg%%ﬂér/ giﬁk)txﬁeg J]%E‘VA&&‘ 14,

alnmost all of the small | um nous fluxes separ amnous fl ux

bt ch sybekhe P had OB XEA BRlEed | ! SyEoner G810 Lhe

P- polariz um nous fluxes, _ _
P pol ar | SEHoT SRORGGLRIRERE A Ries: 1 LB abetiBedialRe. po aff zat i on
cONVerting dewiee Kol fight ™ ource 11 Cemits’ fhe' Juminous flux L1
| substantially parallel to the optical axis 10. The luminous flux L1
is a PS polarization mixed Iuminous flux including the P-polarized
component and the S-polarized component. The luminous flux L1
enters into the first lens array 131 of the fly-eye lens portion 13, and
18 separated into a plurality of small luﬁlinous ﬂuxés by each lens
element (refer to FIG. 2). Each of the small luminous fluxes passes
through the proximity of the center of each corresponding lens
element in the second lens array 132, and the small luminous fluxes
enter into the polarization converting device 14 while condensing.
| In the polarization converting device 14, almost all of the small
luminous fluxes separated from the luminous flux L1 which is the
. PS polarization mixed luminous flux is converted into the P;
polarized luminous fluxes, and the P-polarized luminous fluxes
enter into the condenser lens 15 while diverging (refer to FIG. 3).
The P-polarized luminous fluxes having ‘passed through the

polarization converting device 14 are converted into substantially

- telecentric luminous fluxes by the condenser lens 15 to enter into




telecentric |um nous fluxes by the condenser lens 15 to enter into ----

----- ---- 25 Cctober 2006 29 the PS separation/synthesi | . The

| um nous flux L2 emtted fromthe second |ight source 21§5 ﬁr&é’%ﬁz@fﬁt o the
collimator lens 22 while diverging. The collimator |ens 22 converts the

| um nous flux L2 into a lumnous flux substantially parallel to the -
optical axis 20, and emts the lumnous flux L2. The lum nous flux L2 is a
PS pol arization m xed |um nous flux including the P-polarized conmponent
and the S-polarized conponent. The | &&inous flux L2 enters into the third
l ens arra 1 of the fly-eye . lens portion 23, and is separated into a
plurali tﬁ!@fﬁgmaraﬁml%% g918 963148 16ach | ens el enent (refer to FIG 5).
Each of the spall |um nous fluxes passes through the proximty of the
center of eachlednespondifigx|ledeneitéed fromnthdeedand lightesmumer 2y 232,
and enters into-the polarization converting device 24 while condensing. In
t he pol ardrats ante direecdlingatinyiaes 22 wliibodtivaldingf The colfttdatbpm nous
fluxes separated fromthe lum nous flux L2 which is the PS polarization

m xed | ulefsu22 |donveres Coly elii@dnbas o fldhel.s- pat@ar hzednlindugoysut | uxes,
and the S-polarized Iumnous fluxes enter into the condenser lens 25 while

di ver gi ngubisehRtially Fhfalléd to tRBQIRIRAl #%isZ86 ANTAOHS fHe! iﬁ%& ng passed

through the polarization converting device 24 are converted i

cunstant bl i SLREATLEELUILDS S LUHES Ml LI PR T 87
flux including the P-polarized component and the S-polarized
component. The luminous flux L2 enters into the third lens array
231 of the fly-eye lens portion 23, and is separated into a plurality of
small luminous fluxes by each lens element (refer to FIG. 5).  Each
of the small luminous fluxes passes through the proximity of the
center of each corresponding lens element in the fourth lens array
232, and enters into the polarization converting device 24 while
condensing. In the polarization converting device 24, almost all of
the small luminous fluxes separated from the luminous flux L2
which is the PS polarization mixed luminous flux are converted into
the S-polarized luminous fluxes, and the S-polarized luminous fluxes
enter into the condenser lens 25 while diverging (refer to FIG. 6).
The P-polariied luminous fluxes having passed thrbugh i:he
polarization converting device 24 are converted into substantially
telecentric luminous fluxes by the condenser lens 25 to enter into
the PS separation/synthesis device 16.

Next, referring to FIGs. 7A through 8C, functions of the PS

separation/synthesis device 16, the polarization rotating device 17




Next, referring to FIGs. 7A through 8C, functions of the PS

separation/synthesis device 16, the polarization rotati n%c&:\/'b%gz A 25
Oct ober 2006 30 and the polarizing plate 18 which.are characteristic
portions of the invention will be described in detail below. FIG 7A shows

the polarization direction of the lumnous flux L1, and FIG 7B shows the
polarization direction of the lumnous flux L2. As shown in FIG 7A,

al nrost all of the small lumnous fluxes in the lum nous flux LI which
enter into the PS separation/synthesi3 device 16 are the P-polarized

|l um nous f|uyxes. JThe P-polarized |uninous fluxes in the |um nous flux LI
pass thr%ﬂgﬁq}%go?gbﬁnﬁppgﬁi@sigtwgﬁ aggreharacienstict potidons pfahy | oss,

and t he E].;P;)ol ti zed I‘Ggi nous_fluxes are emtted fromthe PS
separ at i ofVaRHMLH 1L be deseribgdiia dekail betaw.pol ari zation rotating device

17. A few S-polarized lumnous fluxes in the lumnous flux L1 entering
into the PS sepHrailAosheyatthespolatisationldirattionads H6s ¢dmiaduk Bux
.separation/synthesis surface 16A in a direction orthogonal to the incident
directi onlLlst had FiG. a78i sleww s otheopolagantion! Aidddtiod bt e 1@8ifiodd) to be
renoved. In the polarization rotating device 17, the polarization
directiorflet Iéhly the red conponent |ight corresponding to a waveband
ranging from 620 nmto 700 nmis selectively rotated by 90 degrees.

onerefone, 'L had uivanutn 16 bh, Sl SN A G AP RSB 1 1 0

device 17 is a PS pol arization m xe um nous

S-polari zgd lew@l NQuinidots "MIGR ' LIN°WiB%h  enter into the PS.
separation/synthesis device 16 are the P-polarized luminous fluxes.
The P-polarized luminous fluxes in the luminous flux L1 pass
through the separation/synthesis surface 16A with hardly any loss,
and the P-polarized luminous fluxes are emitted froﬁ:t the PS
separation/synthesis device 16 to enter the polarization rotating
device 17. A few S-polarized luminous fluxes in the Iuminous flux
L1 entering into the PS separation/synthesis device 16 are reflected
on the separation/synthesis surface 16A in a direction orthogonal to
the incident direction (that is, a direction orthogonal to the optical
axis 10) to be removed. In the polarization rotating device 17, the
polarization direction of only the red component light corresponding
to a waveband ranging from 620 nm to 700 nm is selectively rotated
by 90 degrees. Therefore, the luminous flux L1 emitted from the
polarization rotating device 17 is a PS polarization mixed lumino'us‘
ﬂux including t.he S-polarized luminous flux which is the red
component light and the P-polarized luminous flux which is a colof

component light except for red. However, the S-polarized luminous




conponent |ight and the P-polarized |um nous flux which is a col or

conponent Ilght except for red. However, the S-polarized
-------------- ... 25 Cctober 2006 31 flux is bl ocElﬁnt(gb ?%06

pol ari zing plate 18, so the lum nous flux Li having passed through t he
pol arizing plate 18 is the P-polarized |umnous flux. In other words, the
| um nous flux LI emtted from the first light source 11 becones the

P-pol ari zed |l um nous flux from which the red conponent light is renoved.
On the other hand, as shown in FIG 7Bl alnost all of the small |um nous
fluxes in_the lumnnous flux L2 which enter into the PS

separ at | ofZy it hlegkedyby the pe %?lémme)lst@dlffarwéhe Numimows ffuxukds. The
S-pol arized lum nous fluxes in the lumnous flux L2 are reflected on the
separ at i ohA%ing Masisedsthreugh tha polaridingglade 1®rishtigorRipalarized i nci dent
direction (that is, a direction parallel to the optical axis 10) with
hardly anlurhbssys dhek. ar n ehet avofds e bumPSose TRLATI 0BARYR Esém devi ce
16 to enter into the polarization rotating device 17. A few P-pol ari zed

| um nous fHeifiest ilightheourcym Nbosokled Xt H2 PEPS RriAHd IdthPndhE FR& from
separation/synthesis device 16 pass through the separation/synthesis

surface 1gRidlPthe ré&r&ﬁﬂ%neﬂtnhkﬂﬁ iPeb{dwedt 1 on rotating device 17, the

pol ari zation direction of the red conponent |i ght correspondlng to a
sevcoe 08, DEBSE, . 0 P 13, LRSS, o B8 B 11,
52 whi oh Shancilmhiishs BT HeR P A RS LIRSS, BEE (

PS separation/synthesis device 16 are the S-polarized luminous

fluxes. The S-polarized luminous fluxes in the luminous flux L2

are reflected on the separation/synthesis surface 16A in a direction

orthogonal to the incident direction (that is, a direction parallel to

_the optical axis 10) with hardly any loss, and are emitted from thé

PS separation/synthesis device 16 to enter into the polarization

rotating device 17. A few P-polarized luminous ﬂux-esr in the

luminous flux L2 entering into the PS separation/synthesis device

16 pass through the separation/synthesis surface 16A to be removed.

In the polaxization rotating device 17, the polarization direction of

‘the red component light corresponding to a waveband ranging from

620 nm to 700 nm is rotated by 90 degfees. Therefore, almost all of

the small luminous fluxes in the luminous flux L2 which are emitted

from the polarization rotating device 17 become the P-polarized

luminous fluxes, and the P-polarized luminots fluxes pass through

the polarizing plate 18 'dispose'd next to the polarization rotating

device 17. In other words, the lﬁminous flux L2 emitted from the




| um nous fluxes, and the P- pbl arized | um nous fluxes pass through the

pol ari zing plate 18 di sposed next to the polarization ro | | ce 17.
In other words, the lumnous flux L2 emitted fromthe 255@%%)&5%06 32

second |ight source 21 becones the P-polarized |um nous flux fornmed of the
red conmponent light. In the em ssion spectruns shown in FIGs. 8A through
8C, the horizontal axis indicates wavel ength and the vertical axis
indicates light-emtting intensity. FIG 8A shows a wavel ength spectrum of
the lum nous flux LI fromthe first ligght source 11, FIG 8B shows a ,
wavel engt h spectrumof the lum nous flux L2 fromthe second |ight source
21, and Regongdighbweuncedldiemgés the®-puharited hanmincad flhxfonaad f 1 ux
(LI'+L2) including the lumnous flux LI and the Ilumnous flux L2 after

passi ng tdfrtheghed bempohenit digigt.pl ate 18. In FlI Gs. 8A through 8C, the range
of a waveband Wcorresponds to a range of 620 nmto 700 nm As shown in

FIG 8A in thn vhyeheRgidh $peetrumy ¢hoWie in | PIGHOYA éﬂfaggh' sér P! he first
"light source 11, the light-enmitting intensity of the red waveband Wis

[ el ati velhodig¥htaAaHacdchtRORRREM e Rl {fe WASHEL] Ghillinafihiple ot her

hand, the wavel ength spectrum of t um nous” flux fromthe _
[0 SO Bt gp BRehibeOrPAsE LLSDY FRDOLD G 10 2e 1
12 O BT, A AT HA I e 1 Bl WAL,
- ~wavelength spectrum of the luminous flux L2 from the second light
source 21, and FIG. 8C shows a wavelength spectrum of the mixed
luminous flux (L1+L2) including the luminous flux L1 and the
luminous flux L2 after passing through the polarizing plate 18. .In
- FIGs. 8A through 8C, the range of a waveband W corresponds to a
range of 620 nm to 700 nm.

- As shown in FIG. 8A, in the wavelength spectrum of the
luminous flux L1 from the first light source 11, the light-emitting
intensity of the red wavebénd W is relatively low, so the red

. component light is insufficient. On the other hand, the wavelength
spectrum of the luminous flux L2 from the second light source 21 is
the red component light having a light-emitting peak in the red
waveband W as shown in FIG. 8B. Further, as shown in FIG. 8C,
the wavelength spectrum of the mixed luminous flux (Ll-_!-LZ)
in‘cludingAthe luminous flux L1 and the luminous flux L2 after
passing through the polarizing plate 18 has a wavelength spectrum
with a shaﬁe in which the wavelength spectrum in the red waveband

W in FIG. 8A is replaced with the wavelength specti'um in the red




passi ng through the polarizing plate 18 has a wavel ength spectrum with a

shape in which the wavel ength spectrumin the red vvavebaaglocygbiepz(fd& 8A is
replaced with the wavel ength spectrumin the red - --- -==--" -2
25 Oct ober 2006 33 waveband Win FIG 8B. In other words, the red :
conponent light which is insufficient in the lumnous flux LI fromthe
first light source 11 is replaced with the lum nous flux L2 with
sufficient intensity fromthe second |ight source 21 so as to keep an
excellent intensity bal ance anong col38 conponent lights of R (red), G
(green) and B (blue). As described above, in the illum nation optical

syst em andaveband Wiid FlGs88. dlspthyrappedst tise aed orcdiipgnémt 1ight

enbodi ment, the wavel ength spectrumin the red waveband W corresponding to
the red whighneninsuffitient ihhthd ilostindghflwo Uit drdih thé cfirdts lighguper hi gh
pressure nercury lanp is replaced with the wavel ength spectrumin the red

waveband sthineet he secplatédhkithotheeldhinbuehfivk 4.9 afithLERffisR @ superi or
i ntensity bal ance anong the col or conponent lights of R (red), G (green)

and B (b|ilfﬁlen§ﬁ;gl A0 thal HRPnW LiBRY o8I UET @g 4% q&%{é@OQﬁ@xckiﬁWts of G

(green) and B (blue), and superior color rendering perties can be

exhibite §p‘ﬁéi ILC ) f | ha e _hum nous

flux L2 f'}rn é;Mrinéi%g I'n I{cheﬁbgﬁge%gé]g% ?%lﬁ’/eosdye%gglﬁﬁs 8@3?( Qéed‘i'a,@gé]rtél“ enl)

pol ari zat | o&ngi'%l%%?i on of a specific waveband in the lum nous flux LI and
|

t he pol art'2a Tection of the specific waveband in the

As described above, in the illumination optical system and the
liquid crystal display apparatus according to the embodiment, the
waveléngth spectrum in the red waveband W corresponding to the
red component light in the first light source 11 which is a super high
pressure mercury lamp is replaced with the wavelength spectrum in

the red waveband W‘ in the second light source 21 which is a red

LED, so a superior intensity balance among the color component

lights of R (red), G (green) and B (blue) can be obtained without

reducing the component lights of G (green) and B (blue), and
superior color rendering properties can be exhibited.

- More specifically, after the luminous flux L1 and the luminous

- flux L2 are mixed ir_l the PS separation/synthesis device 16, the

polarization direction of a specific wafreband in the luminous flux L1

and the polarization direction of the specific waveband in the

- Juminous flux L2 are rotated by the same polérization rotating

device 17, so the waveband removed from the luminous flux L1 and

the waveband .of the luminous flux L2 with which the removed

waveband is r_epla(:ed perfectly coincide with each other. Therefore,




| um nous flux L2 are rotated by the sane polarization rotating device 17,

so the waveband renoved fromthe |umnous flux LI and t gCﬂ%M%p§@ﬂ30f t he
| um nous flux L2 with which the renoved waveband is replaced perfectly
coincide with each other. Therefore, 25 COctober 2006 34 the repl acenent
with a desired waveband can be accurately and easily carried out.

Mor eover, as the red waveband Wcan have a sufficiently strong peak, an
adverse effect on the color rendering properties which a peak of a yell ow
| i ght component or an orange light c@&#ponent in a waveband rangi ng around
580 nm causes can be reduced to a practically insignificant extent. The
present itheerepbrcamentskithhad desivad ivmgvebamal\:ecam eodicreratelpuandhe
invention is not limted to the above enbodinent, and is variously

nodi f i ed.edeoly exeriptloutin the enbodiment, the fly-eye lens portions 13 and
23 and pol arization converting devices 14 and 24 are disposed in order

fromthe firstMandovétieasertanded shivelpanidew Ihrkhvdl a rREBREEANG! Y, but
the order 'is not specifically limted. They nay be di sposed in reverse

order, Olstiffg peAke¥d |RIVerBOT $iEE6 o caﬁ)z‘@lénﬁgr'ﬁfg'%‘f%gerf\@&eover1 in
t he enbodi nent, the liquid crystal panels 40R, 40G and 40B are used as the

spatial nRpgiatd OﬁeQEV'FPie%, %%fééwt t(}?g%{: ntY(ﬁﬂE)BBQni; S0 ! ﬁ%’%&%\}d&b&hl s. A

device in Ich a pixe ( mnute mrror suc i gital
‘mcrom rrc8£n[51c§¥é1fte)inngyw?l@ebtli'ﬁﬁdranging around 580 nm causes can be

reduced to a practically insignificant extent.

The present invention is described referring to the
embodiment, but the invention is not limited to the above
embodiment, and is variously modified. For example, in the
embodiment, the fly-eye lens portions 13 and 23 and polarization
converting devices 14 and 24 are disposed in order from the first and
the second light sources 11 and 21, respectively, but the order is not
specifically limited. ‘They may be disposed in reverse order, or the
fly-eye lens portions 13 and 23 may be removed.

..~ Moreover, in the embodiment, the liquid crystal panels 40R,
40G and 40B are used as the spatial modulation devices, but the
invention is not limited to this. A device in which a pixel is made
of a minute mirror such as DMD (digital micromirror device) may be
used.

Further, in the embodiment, the polarization rotating device
17 is a polarization rotating‘ device having such wavelength
selectivity that the polarization direction of only light in the above-

‘described specific waveband (red waveband W) in the incident




Further, in the enbodi nent, the polarization rotating device 17 is a

pol ari zation rotating device having such wavel ength sel | Vit t he
pol ari zation direction of only light in the above- descr?§g§xgﬁg%%??c
waveband (red waveband W in the incident 25 October 2006 35 |um nous fl ux
Is rotated by 90 degrees, and light in the other waveband passes through

wi thout rotation, and only a linearly polarized |lumnous flux in the first
pol ari zation direction (P- polarization direction) in a linearly polarized

| um nous flux emtted fromthe polariggati on rotating device 17 passes
through the polarizing plate 18. However, conversely, as shown in FIGs. 9A
and 9B, hupoieus Adukxois rattatedgbye9d cdegrdbsyaynbie Ightoiar tkatdtbryr ot ati ng
device with such wavel ength selectivity that light in the above- described

- waveband waedbundepardodV thivdle witHod@Ntrot4tibAOUsnd | §Xly RASSESaAIpr Ough
wi t hout rotation and the polarization direction of only I'ight in"the other

waveband polakfdd MRifRud UMGOUS, TiHe fisse TRIaLER Bk ORuieatgegp-and only
t he po

;

“a linearly polarized umnous flux in econ arization direction

S- pol ari ' | Lan) y At i riy . rized | uginous.flux emtted

1£ r olron t he %Og%g%}lzt g‘ﬁ ﬁifé(%g%%jt'?%gg]gg\? ﬁggﬁﬁ‘?@%ﬁg@& ggé‘%“’t"ﬁ‘rgo@ljﬁ e&“ﬁ&?‘ir I zi ng

plate 18 Th b ot _only the linegrly poJarized |um nous flux in the

first polar zg'trlefeoéb(lﬁ?rrl%%ﬁogx ](‘E-aﬁ{ﬂ%r ﬁ?‘ﬁ/ eoni'gi P@éﬁ?%n;ﬁ”{ﬁ}w | §Bet he
olariz flux in the second polarjzation direction (S-

| i | i
borart o e mdaring Hlabe Te0d Hawsiesytonsoral, d shownds BGscoAomaan  be

used as illumnation |ight. . . L
, & polarization rotating device 170 may be a polarization rotating

device with such wavelength selectivity that light in the above--
described waveband (red waveband W) in the incident luminous flux
passes through without rotation and the polarization direction. of
only light in the other waveband in the incident luminous flux is
rotated by 90 degrees, and only a linearly polarized luminous flux in
‘the second polarization direction (S-polarization direction) in the
linearly polarized luminous flux emitted from the polarization
rotating device 170 may pass through a polarizing plate 180.
Thereby, not only the linearly polarized luminous flux in the first
polarization direction (P-polarization direction) but also the linearly
polarized luminous flux in the second polarization direction (S-
. polarization direction) as an output of thé polarizing plate 180 can
be used as illumination light.
Further, in the embodiment, the specific waveband is the red
~waveband W, and the super high pressure mercury lamp having an
insufficient red component light is used as the first light source 11,

and the red LED including many red components is used as the




Further, in the enbodi nent, the specific waveband is the red waveband W

and the super high pressure nercury |lanp having an insufti

conmponent light is used as the first light source 11, EgcptﬁggzgﬁfED

i ncl uding many red conponents is used as the 25 Cctober 2006 36 second

| i ght source 21, thereby the replacenent of the red conponent light is
carried out, but the inventionis not limted to this, and the repl acenent
of any ot her col or component |light may be <carried out. For exanple, when a

| anp having an insufficient blue conggnent light is used as the first
light source 11, a blue LED or the like may be used. as the second |ight

sour ce 2Ilsecomdt hhghd:ass@urae 24|, e¢herkbyavehengiehbl4cigen®f of hehdokagdi zati on
rotating device 17 may be set to a desired range (in this case, a range

corr esponshimigohient lightids veareleandht, baghiiad Ihbgnflbhsis hbgflim%&!& ¢ 11 and
the second |I|ight source 21 may be any ot her kind | i ght source. Further,

the pol %Hxéahhﬂr‘t]:?@i*éfﬁfécbﬁﬂarﬁed@&ﬁ%oﬁﬁei‘%lﬁlcggﬁve% &@Aﬁ m,aﬁpt)ﬁ{j'eza;' on

filters. Moreover, the above-desc speC|

part o alderfld blie. Panls URKERNGLALA Deausl honshbalt 160 %??rf?el?éh?‘ﬂ% the red

orange |ight conponent in a arou
repl aced SbroidiEt ?fﬁ%lvtﬁb%igﬁfa "PBE tulsh fighgaotihe lipat Doe TFD OF the
bo. r emovdde ES qhas: Phatpedbit Che REOnl Hahhaons Gt | ot CByoean gt the
selected wavelength range of the polarization rotating device 17 may
be set to a desired range (in this case, a range corresponding to a
blue waveband). Each of the first light source 11 and the second
light source 21 may be any othe_r kind of light source. Further, the
polarization converting devices 14 and 24 may be simple
polarization filters.
Moreover, the above-described specific waveband may include
a part or all of the peak waveband of the yellow light component or
the orange light component in a waveband around 580 nm in
addition to the red waveband, and the above red waveband in the
Ipminous flux L1 may be replaced with the luminous flux L2, and
light in a part or all of the waveband of the yellow component light
or the orange component light méy be removed.
As described above, the illumination optical system or the
image display apparatus according to the invention comprises the
first light source, the second light source having a different emission
specfrum from the emission spectrum of the first light source, and

‘the replacement optical system replacing light in a specific




| mage di spl ay apparatus according to the invention conprises the first

| i ght source, the second |light source having a different g@cﬁosoiepﬁb gSpectrum
fromthe em ssion spectrumof the first |ight source, an% the repq acenent
optical systemreplacing light in a specific 25 Cctober 2006 37 waveband
in the lumnous flux fromthe first light source with the |umnous flux °
fromthe second light source, so the light in the specific waveband with
weak light intensity in the lumnous flux fromthe first |ight source can
be replaced with the lum nous flux wsgh sufficient intensity fromthe
second |ight source. Therefore, a white bal ance can be kept w thout
reduci ng whalvebandnioe therlemisns flece fivan ytheafidss lipditi ssueel @itk ehder i ng
properties can be exhibited. Mdreover, in the illumnation optical system

accor di nglimirndwes fluyefrononthd hecbud Mighs kbuied,r 86 the Isgrend khght source
has an intensity peak in the specific waveband, so while maintaining

hi gher i d\duiiinaRe@ebaHBCHicR w@@bErli&ﬁE‘QSﬁzéﬂgit rf:ﬁgﬁ%h\iﬁ%ﬁﬁ%@%ﬁgi bited.

In the illum nation optical systemaccording t
repl ace Ne | u p L st rjyzation [ting
devi ce ggfr%bgir)? Pﬁgﬁ%ﬁzyﬁhﬁn’r%\%l&?ef Pﬁﬁ lggf]g‘r(#’ !%%’df P‘ﬁgﬁ thzeg%]tlgmslgﬁgcr}z&l{ nto the
first li I -al ) | ux pol arized in the I r ol ari zation
directi oﬁﬁ{%é’e(“@géclghgﬁgg?%éri%a ‘ly%nh&%ﬁ\?g??(?l]ibgzhetdﬁ?ﬁ@g' co%%%’?e?f)ﬁ‘g the '
| um nous flux fromthe second |i source .into the second linearly

pol ar i ze@#ﬁ?xgﬁ%%ei %%‘H%enﬂﬁﬁt "g{;&‘ﬂﬁg r"-@dﬁcé?g zlglﬂ-!%lf?%ﬁqee@%qrénﬂ&fi hogonal
to the first polarization direction, the Iight synthesis device

synt hesi Z15¢§S¢#8 Pi‘%‘ﬁ?“l’?ﬁ@ﬁlcp mEngering properties can be exhibited.

Moreover, in the illumination optical system according to the
invention, the Iuminous flux from the second light source has an
intensity peak in the specific waveband, so wlﬁle maintaining higher
illuminance, supefior color rendering properties can be exhibited.

~ In the illumination optical system according to the invention,
the replacement optical system includes the first polarization
converting device converting the luminous flux from the first light
source into the first linearly polarized luminous flux polarized in the
first polérization direction, the second polarization converting
device converting the luminous flux from the second light source
into the second linearly polarized flux polarized in the second
‘polarization direction 6rthog0nal to the first polarization directioﬁ,
the light synthesis device synthesizing the first linearly polarized
luminous flux and the second linearly polarized luminous flux, the
polarization rotating device selectively rotating the polarization
direction of only light in a specific waveband in the luminous flux

emitted from the first polarization converting device from the first




| um nous flux and the second linearly polarized |umnous flux, the

pol arization rotating device selectively rotating the pobgrdcgo%te{;?db(s
direction of only light in a specific waveband in the | ui nous ux

emtted fromthe first polarization converting device fromthe first 25
Cct ober 2006 38 polarization direction to the second pol ari zation
direction, and rotating the polarization direction of the |um nous fl ux
enmtted from the second polarization converting device fromthe second
pol arization direction to the first pggarization direction, and the _
pol ari zing device allowing only the linearly polarized |umnous flux in

the first pphirizatieni alirdétient konthe sd@ddmpsleszddisy aMdctrd f Lo the
pol ari zation rotating device pass through, so the waveband renoved from

~the | uni nestaitihgnthansblapfzaveye@arstiain bhenk q%‘c"t ﬁh%ﬂé{tﬁ%‘gf&&h the

renoved waveband is replaced perfectly coinc eac

. Ther ef or egh@ Fs%Ebﬁﬂelf]?{?Iaféﬁéﬂoﬁ d&ﬁwe‘?gilﬁv%r%ﬁgeerﬁﬁg bfg%%fiﬁ'%g% <

accurately carried o and sluperl or ¢ ” J propert tagossce
exhi bi t ed.,xi . ) 0§i e,li intensity fromthe fi ( _ .
‘Mor eover , P elﬂr?tr{i%éé?l{l-l gir#%g{qrhor?oo?)ﬁ c%?sncsy]??%ﬁ%ﬁge& tlﬁ‘:g:tﬂ‘lﬁi"; ?di Etgzﬁgf ![ Sn,
[ [ I zat. ti.cal system.for I ng . .
ai st 1 bo PR AR E80GR ufIPHikE el HbeningarTionelieeod ngifoss flug and the.
| acenent ,,0pt.J cal stem sq.the illum nance distribution in a projecte
irrGrggg find) F@?Eﬁ;@ii@ TRz diggfdigpin theniumingusdhohemitied frioen

| l_-l u nattih%n p% ;J:i%gli:ioilysgo%?tﬁncgcOdfe?rii(r:](? Ige(ljsst r}:(;u'ough, so the waveband
removed from the luminous flux and the waveband of the luminous
flux with which the removed waveband is replaced perfectly coincide
with each other. Therefore, a replacement with a desired waveband:
can be easily and accurately carried out, and superior color
rendering properties can be exhibited without losing the light

: intenéity from the first light source.
Moreover, in the illumination optical system according to the
invention, the first uniformization optical system for making the
-light intensity distribution uniform is included between the first
light source and the replacement optical system, so the illuminance
distribution in a projected image finally obtained can be made more

uniform,

Further, in the illumination optical system according to the
invention, the second uniformization optical system for making the
light intensity distribution uniform is inclu&ed between the second

light source and the replacement optical system, so the illuimnance

distribution in a projected image finally obtained can be made more




I nvention, the second uniform zation optical systemfor making the |[|ight
intensity distribution uniformis included between the sggmgo CL'?&%t source
and the repl acenent optical system so the illui mance I str |hbu fon in a
projected image finally obtained can be nade nore 25 October 2006 39
uniform Still further, in the illum nation optical systemaccording to
the invention, the specific waveband is the red waveband, and the second
light source is a light-emitting diode or a red | aser showing the |ight
intensity distribution in the red wavegand, so when a |ight source having
an insufficient red conponent |ight such as a super high pressure nercury
| anp or thumiforke is used as the first light source, a replacenment with the
red conponent |ight in the second |[|ight source can be carried out.
Specifically, St feethwyabatile iilluh Ohvek i ). r: eak, so
even if a color conmponent l|ight ot hgfat?ﬁgn%l}férlgsgét%%y(%?zggﬁ?ngn B (bl ue)
such as t C (o] Sy o] nent i gh r the like
1R YRYERWons MR f&?éhtlfll: wiakebhig & @H(?q’eﬁ A eﬁgn Xfﬁqbé &89 wi t hout

is included, superior color rendering properti€es ca

;
adver se t1: u ssar.y,.conponent | i gh A net hod of
i |1 uni natsleefr?gﬁt g%}sﬂggétbﬁiailcg'ggﬁuﬁgh&o%&ld%e/VPge '102\180%? & ﬁ'iji il%SGE’hﬁilPW\}Bﬁt i on
conpri sesit.h e of..em.t1i. a_ lumnous flux fromthe first Light

“sour ce, Ztr}ﬁ“-’tﬁ?ﬁ% 1??%%:?&5{1??%?0“&?} ﬂ‘%d‘eaﬂ‘fﬁﬂvf’h%n esdrthen jaghghéour ce

with a differerﬁ em ssion spectrumfromthe em ssion spectrumof the first
|ight sofP¥Ece Rayng pRgIngufficient zed rampprenhtigiinguch aha bupenous fl ux

fromthe, . : .
- high pressure mercury lamp or the like is used as the first light

source, a replac_emeht with the red component light in the second
light soufce'can be carried out. Specifically, the red waveband in
~ the second light source has a peak, s0 even if a color component light
other than R (red), G (green) and B (blue) such as the yellow
component light, the orange component light or the like is included,
superior color rendering properties can be exhibited without adverse
effect by such an unnecessary component light.
A method of illuminating the spatial modulation device
~according to the invention comprises the steps of emitting a
- luminous flux from the first light source, emitting a luminous flux
emitted from the second.light source with a different emission
speétrum from the emission spectrum of thé first light source,
réplacing light in a specific waveband in the luminous flux from the
- first light source with the luminous flux from the second light source,
and guiding the luminous flux from the first light source in a state
Where the light in the specific waveband is replaced with the

luminous flux from the second light source to the spatial modulation




first I'ight source with the lumnous flux fromthe second |ight source,

and guiding the um nous flux fromthe first light source.i S wher e
the light in the specific waveband is replaced with the 3?&%?%552&%fux from
t he second |ight source to the spatial nodul ation 25 Cctober 2006 40 '
devi ce. Thereby, light in the specific waveband with weak light intensity
in the lumnous flux fromthe first light source can be replaced with the

| um nous flux with sufficient intensity fromthe second |ight source.
Therefore, a white bal ance can be kept40thhout reduci ng the illum nance
nore than necessary, and superior color, rendering properties can be

exhi bi t eddevice. - - Thereby, light in the spelffi 085 Al o A 1. An
illum nation optical syJ;t e-r% cg%rpr}}esisﬁsgﬁlcﬁﬁ%mﬁ)gﬁfé’sgm ;ﬁ\@‘tsecond

| i ght soulg& G (8 = 1 SS¢.0N ectrum-..fyrom an em ssion
spect rum of thewf |rirﬂstgh ig t{rgtg%s? ?@;&afﬁgma%?‘&p lﬁﬁgﬂéﬁi‘g&ﬂt"irﬁ%lc%ﬁeem

repl aci ng i 9; ci.f.le waveband.in a,lum nous flux fromthe first
I'i ght sou]rrécﬁelgt\t/&\/lb%ih‘ﬁzlﬂtéll I%E% Irl%ﬂgén?V%ﬁﬁ“Fo‘m SUHMIERY Mmtgmeityofnome the, An
i1 1um naton. opt;. system aggording to claim1, wherein the intensity of
the |i ghts'igcr? r{‘lﬁeilégéc‘f’%/‘f’@emvesg‘?ﬁfwﬁt ite Whitei rhaleniceuxanr de teptsecond
| i ght sourcg is | er than. the

g without r¢ ugcmg the illuminance more than necessary, and superior

- color rendering properties can be exhibited.




intensity of the light in the specific waveband in the lumnous flux from
the first light source. 3. An illumnation optical syste r di

claim1l1, wherein the lumnous flux fromthe second ||gh?%§gﬁ§bebﬂ%§
intensity peak in the specific waveband. 4. An illum nation optical systen1
according to claim1, wherein the replacenent optical systemincludes: a

| i ght synthesis device synthesizing and emtting a | um nous 25 Qct ober 2006
42 flux incident fromthe first |ight source as a first linearly polarized
| um nous flux polarized in a first polarization direction and a | um nous
flux incident fromthe second |ight source as a second linearly polarized
| um nous flux polarized in a secongLpdNgi zation direction, a polarization
rotating device selectively rotating only light polarized in the first

pol ari zation direction in the specific waveband in the |um nous fl ux
emtted fromthe light synthesis device to the second polarization

di rection and(}I e'ﬁﬁtﬂlﬁ%héﬁbﬁtd Cf#ln%’ySt%pr%}mnﬁf%S% zed in the second

pol ari zati on rection int ‘he | um nous flux

emtted fromthﬁgé g S.%thrh sis device to the first polarization
di rection, ri Zing device allowing only a linearly polarized

| um nous qux | ‘Fe]rl brst ol a |zat|one‘$If ection i.n the |um nous fl ux
emtted from? KECHRY alP 5t? CPoliatite ¥ eBﬁs‘%mtl?ﬁ‘lBHgﬁpeCtr“m
from an emission spectrum of the first light source; and
a replacement optical system replacing light in a specific

waveband in a luminous flux from the first light source with a

- luminous flux from the second light source.

2. An illumination optical system according to claim 1,
wherein the intensity of the light in the specific waveband in the
Iuminous flux from the sécond light source is larger than the

- intensity of the light in the specific waveband in the luminous flux

from the first light source.

3. An illumination optical system according to claim 1,
wherein the luminous flux from the second light source has an

intensity peak in the specific waveband.

4. An illumination optical system according to claim 1,
wherein
the replacement optical system includes:

a light synthesis device synthesizing and emitting a luminous _




5. An illumnation optical systemaccording to claim4, wherein the

repl acenment optical systemfurther includes a first pol gcizati ans
emtting a randomy polarized lum nous flux emtted fro%§t ﬂﬁ??gggplight
source as the first linearly polarized flux polarized in the first

pol ari zation direction, and the |light synthesis device synthesizes and
emts the lumnous flux incident fromthe first |ight source through the
first 25 Cctober 2006 43 polarization neans as the first linearly

pol ari zed lum nous flux and the lum ggus flux incident fromthe second -
i ght source as the second linearly polarized | um nous flux polarized in

the secorfiux fekildmafionn thier fiest Mphtbsoutel 44 WNiinsy linBa Bt itp@iﬁxi@&ét em
according to claim1l1l, wherein the replacenment optical systemincludes: a

light synihesicusdqyieepsMBHES| &l NY BRd: eﬁ?)lfatrfi;/k&i ,'&%egmﬁ dihdXa i nci dent

fromthe first Iight source as a first [inhear pol ari ze um nous flux
pol ari Zequ'nﬁntosfs hl.{]:étineﬂieq{t' FRhOPLg! §t%%tn:u‘.) % dsgur({eurgsn(&u% I:(!)ﬁ'a( | nci dent
fromthe second |ight source as a secon In€arly polarized Putifous 1 ux
pol ari zed. i n S n ri.zati of _directi a pol arization rotating

fovi ce sapbuity SRSRM 1 Rl ARk Mg Bkl i 2y BB oHA S PRRE B ar 2t on
direction,.in a waveband other than the specific waveband in the |um nous

in
flux enm CEESCHIDM t he

a polarization rotating device selectively rotating only light
polarized in the first polarization direction in the specific waveband
in the luminous flux emitted from the light‘synthesis device to the
second polarization direction and selectively _rotating only light

- polarized in the second polarization direction in the specific
- waveband in the luminous flux emitted from the light synthesis
device to the first polarization direction, and

a polarizing device allowing only a linearly polarized luminous

.ﬂﬁx in the first ﬁolarization direction in the luminous flux emit‘ted

from the polarization rotating device pass through.

5. An illumination’ o'ptical system according to claim 4,
“wherein
the replacéme’nt optical system further includes é first
polarization means emitting a randomly polarized luminous flux
emitted from the first light source as the first linearly polarized flux
- polarized in the first pblarization direction, and |
the light synthesis device synthesizes and emits the luminous

flux incident from the first light source through the first




i ght synthesis device to the second pol arization direction and

sel ectively rotating only light polarized in the second lari.zat i on
direction in a waveband ot her than the specific mavebandaﬁﬁﬁ?ﬁggiyﬁninous
flux emtted fromthe light synthesis device to the first polarization
direction, and a polarizing device allowing only a linearly polarized

| uminous flux in the second polarization direction in the |um nous flux 25
Oct ober 2006 44 enmitted fromthe polarization rotating device pass
through. -7. An illum nation optical sygtem according to claim6, wherein
the repl acenent optical systemfurther includes a first polarization neans
emitiing polangiiby ohasidethé {HstlisedilynolailicHhifld Mol hpd! |1 oht
source as the first [inearly polarized flux polarized in the first

pol ar i 2t tie RhAKOTuAGAEn B0 Sal BESSd IREhE Coguld 5 488 N

emts the lumnous flux incident fromt I rst source through the

e m no romthe TIPSt TRghc*Source ™ Arough the
the | unt noee T OIT CBRIATAT b g B5R) AT BT eSO cong”

l'i nearly lakized l.um nous flux polarized in the second polarization
directi onl?&gil%?\t?ig? tlffﬁcr'ilaotr}'on optical systemaccording to claim1l, wherein
the repl acenent optical systemincludes: a first polarization converting

devi ce converting a | um nous

6. An illumination optical system according to claim 1,
wherein

the replacement optical system includes:

a light synthesis device synthesizing and emitting a luminous
flux incident from the first light source as a first linearly polarized
Iuminous flux polarized in the first polarization direction and a

~ luminous flux incident from the second light source as a second
linearly polarized luminous' flux polarized in a second polarization
direction,

a polarization rotating device selectively rotating only light
polarized in the first polarization direction in a waveband other
than' the specific waveband in the Iuminoué flux emitted from the
light synthesis device to the second polarization diréction and
selectiv-ely rotating only light polarized in the second polarization
direction in a waveband other than the specific waveband in the
luminous fiux emifted from the light synthesis device to the first
polarization direction, and

a polarizing device allowing only a linearly polarized luminous

flux in the second polarization direction in the luminous flux




flux fromthe first . light source into a first linearly polarized

| um nous flux polarized in a first polarization directi 02 (ﬁ;%ec?%
pol ari zati on converting device converting a |um nous fl 5,’2 ol second

| ight source into a second linearly polarized |lumnous flux polarized in a
second pol ari zation direction orthogonal 25 October 2006 45 to the first
pol ari zation direction, a light synthesis device synthesizing the first
linearly polarized |umnous flux and the second |inearly polarized

| um nous flux, a polarization rotatirg device selectively rotating the

pol ari zation direction of only light in the specific waveband in the

| uni nous - émittednirbhethd potatibatibnrsitapil g dezidel pabsCkirotigh.ng device from
the first polarization direction to the second polarization direction, and
rotating the polarization direction of the lumnous flux emtted fromthe
second pol ari zation converting device fromthe second polarization

direction to the fARSHIBRRIGH | OFiCAl SGidteRy ANG-AMP! &Y iablg devi ce
allowing only a linearly polarize um nous lux 1n. the firs

pol ari zatj fp.girection i'n the |umnous flux emtted from.the polarization
rotating device pass through. 9. An illum nation optical system according

ol ar | zati on B RIAEERETE c SRR e DRHn TURRGLNCRARE 14 ofiehe f 1 st
: i.ght S(_)uﬂo gr{.zgtt:{)ona ﬁcliaguslé é&?&?ﬁ,«'gyap%ﬁﬁhﬁg polarized luminous flux
~emitted from the first lighf source as the first linearly polarized flux
polarized in the first polarization direction, and
the light synthesis device synthesizes and emits the luminous
flux incident from the first light source through the first
polarization means as the first linearly polarized luminous flux and
the luminous flux incident from the second light source as the

~second linearly polarized luminous flux polarized in the second

polarization direction.

8. An illumination optical system according to claim 1,
wherein |

the replacement optical system includes:

a first polarization converting device converting a luminous
flux from the first light éource into a first lénearly polarized
Juminous flux polarized in a first polarizati(:;n direction,

a second polarization converting device converting a luminous
flux from the second light source into a second linearly polarized

luminous flux polarized in a second polarization direction orthogonal




| um nous flux polarized in a first polarization direction, a second

pol ari zati on converting device converting a |um nous fl rQm ~second
| ight source into a second linearly polarized |umnous #?6&*%5f%&&5ed in a
second pol ari zation direction orthogonal 25 Cctober 2006 46 to the first:
pol ari zation direction, a light synthesis device synthesizing the first
linearly polarized umnous flux and the second linearly polarized

|l um nous flux, a polarization rotating device selectively rotating the

pol ari zation direction of only light kg a waveband other than the specific
.waveband in the lumnous flux emtted fromthe first polarization

converti nig tlevficet polamizddbohidisectiohari zation direction to the second

pol ari zation direction, and rotating the polarization direction of the
lumi nous flux £nlighed dymtheshe deotitd HPhidARANLNthE OTURLT iINge £gyi ce from
t he second pol arization direction to the first polarization direction, and
a pol ar! Z3g1drBRv Rénfnd @i AR/ tRe ldel8R1! MnPAHY" hEEAi2LI AR RONS! UX 1 1

t he second polarization direction in the ['um nou ux emtted fromthe
pol ari zatgop rotating device pass through. 10. An illum nation optical
system according to claim1, further conprising: a first uniformzation

the Trrst i g OolFEeER" kbfling AEHER "aleRbie, eBlating Othe o "o

- polarization direction of only light in the specific waveband in the

- luminous ﬂu}c emitted from the first polarization converting device

~ from the first polarization direction to the second polarization

direction, and rotating the polarization direction of the luminous

flux emitted from the second polarization converting device from the
second polarization direction to the first polarization direction, and

a polarizing device allowing only a linearly polarized luminous

“flux in the first polarization direction in the luminous flux emitted

from the polarization rotating device pass through.

9. An illumination optical system according to claim 1,
wherein

the replacement optical systexﬁ includes:

a first polarization convérting device converting a luminous
flux' from the first light source into a first linearly polarized
iuminous flux polarized in a first polarization direction,

a second polarization converting device converting a Iuminous
flux from the second light source into a second linearly polarized

luminous flux polarized in a second polarization direction orthogonal




11. An illumination optical systemaccording to claim 10, .wherein 25

Cct ober 2006 47 the first uniform zation optical SySteﬁkkﬂﬁh%Piﬁp a first
|l ens array including a plurality of lens elenents two- difrensiona

al i gned, and separating an incident lumnous flux into a plurality of
smat | lum nous fluxes by the plurality of lens elenments to emt the
plurality of small |uminous fluxes, then condensing the plurality of snal
| um nous fluxes, and a second lens array including a plurality of lens

el ements two- dlnen3|onally al i gned cagresponding to the plurality of snal

| um nous fluxes fromthe first lens array, and emtting the small | um nous
fl uxes i nmi tenfirkt polatieationsdebetienifs of the first lens array toward a
direction where the small |um nous fluxes are superinposed on one another.

12. An illum nat tightopéyeitlesty S UeRiRC COF iRk E ] ahén Firstf UiddiBNy
conprising: a second uniform zation optical systemfor nmeking a | |ght

i nt ensi t Yol fizeldbHihPRo 88 it 0f BREtHE SRR Hﬁ@&{l@ t)bﬂﬂ'}zesti)‘fﬁﬁﬁnﬁ'ﬂg the
um nati on ptica

repI acenent optical system 13. An i1l system according to
claim12,pg,pherein the second uniformzation optical systemincludes= a
third Iens array including a plurality of lens elenments two- dinmensionally

al_' gned, and saep%ro r1zg.t10n | "G ?Htg l(lfg;‘rirc]:gussélle%ively rotating the

‘polarization direction of only light in a waveband other than the
speéific waveband in the luminous flux emitted from the first
- polarization converting device from the first polarization direction to
the second polarization direction, and rotating the polarization
direction of the luminous flux emitted from the second polarization
converting device from the second polarization direction to the first
polarization direction, and |
a polarizing device allowing only a linearly polarized luminous
flux in the second polarization direction in the luminous flux

emitted from the polarization rotating device pass through.

10. An illumination optical system according to claim 1,
_ further‘compxising:

a first uniforxﬁization .optical system for making a light
‘intensity distribution uniform between the first light source and the

replacement optical system.

11. An illumination optical system according to claim 10,

wherein




25 Cctober 2006 .48 into a plurality of small |um nous fluxes by the
plurality of lens elenents to emt the plurality of smal) 1 N fl uxes,
then condensing the plurality of the small | um nous flu%g§%%§#59§i%ourth

|l ens array including a plurality of lens elenents two- dinensionally
aligned corresponding to the plurality of small |um nous fluxes fromthe
third lens array, and emtting the small |um nous.fluxes incident fromthe
| ens el enments of the third lens array in a direction where the small

| um nous fluxes are superinposed on gfe another. 14. An illum nation
optical systemaccording to claim1l, wherein a central axis of the

| umi nous fl ux fhreofiréhensfecaridationhéptisQlUEFSidrs inEli@egonal to a central axis
of the lumnous flux fromthe first light source. 15. An illum nation

optical system ii‘ﬁ%@fléin@gaiﬁgc:iﬁémding mlﬁ‘:a'i'itghﬁ gﬂﬁbiérﬁeﬂ@é’ qapd is a

red waveband, and the secon I ght Source is -emtting diode or a
o ) SR G IRt SpABIAE Sy Mol IR AIRRY co0e s
a spati alinwd&lﬁurgﬁtgegf %%éﬁif]lgniantl)gsmfrl]g%gs fb'y“%hg ngltlfrgijity of lens
elements to emit the plurality of small luminous fluxes, then
condensing the plurality of small luminous fluxes, and
a second lens array including a plurality of lens elements two-
-dimensionally aligned corresponding to the plurality of small
luminous fluxes from the first lens array, and emitting the small
luminous fluxes incid.ent from the lens elements of the first lens

array toward a direction where the small luminous fluxes are

superimposed on one another.

12. An-illumination optical system according to claim 1,
further comprising: |
a second uniformization optical system for making a light
intensity distribution uniform between the second light source and

the replacement optical system.

13. An illumination optical system according to claim 12,
wherein

the second uniformization optical system includes:

a third lens array including a plurality of lens elements two-

dimensionally aligned, and separating an incident luminous flux




fromthe illum nation optical systemas illumnation Iight, and carrying

out selective spatial nodul ation on a pixel dot basis to.af a tical
i mge, wherein the illum nation optical system conpri ses:zsqgc%tferrgg(?qoi ght
source, a second light source having a different enission spectrum froma
wavel ength spectrumof the first |ight source, and a repl acenent optical
systemreplacing light in a specific waveband in a |umnous flux fromthe
first light source with a lumnous flux fromthe second |ight source. 17.
An i mage di splay apparatus according tgg claim 16, further conprising: a
projection lens projecting light emtted fromthe spatial nodul ation

- devi ce onimtsar pémraliﬁ};.oinsinrmndudii%@lt@ymw'nyugaeaqﬂafglji? dfoldijai m 16,
wherein the spatial nodulation device is a liquid crystal display device.

19. A net bnehtd | fordmad | e Pplsrality! orod.al | mﬂ.ga+§eﬂuk9§ thRAL | @l
u

nodul ati on device carrying out selective spatia ation ’on a pixel dot

basis to é&id@ﬁﬁn%mﬁecﬁiuﬂwofﬂ{@s a1 TRIHQB&P%?(]I%&SO%S{ 2006 50

conprising the steps of. e ting a [um nous ) oma first !ight'

it orent em sargBrabTLAe deray el ORE a SHRAL e A emd o Bl et ©
dimensionally aligned corresponding to the plurality of small
1uminous fluxes from the third lens array, and emitting the small
luminous fluxes incident from the lens elements of the third lens

‘array 1n a direction where the small luminous fluxes are

superimposed on one another.

14. An illumination optical syétem according to claim 1,
wherein |

a central axis of the luminous flux from the second light
source is orthogonal to a central axis of the luminous flux from the

first light source.

'15.  An illumination optical system according to claim 1,
wherein

the specific waveband is a red ﬁvaveban‘d, and the second light

source is a light-emitting diode or a red laser having a peak in the

red waveband.

16. An image display apparatus, comprising:

an illumination optical system,




i ght source; replacing light in a specific waveband in the |um nous fl ux
fromthe first light source wwth the lumnous flux emtt rqm second
| i ght source; and guiding the lum nous flux fromthe fi r?g 4‘?‘8}?{5Q§%rce in
a state where the.light in the specific waveband is replaced with the

| umi nous flux fromthe second |ight source to the spatial nodul ation

devi ce. 25 Cctober 2006 51 ABSTRACT Provided are an illum nation opti cal
system havi ng superior color rendering properties while ensuring
sufficient illum nance, an image dispigay apparatus conprising the

illum nation optical system and a spatial nodul ation device illum nated by
the illum natianspatitl caodsyatiom denitea usthpod Dimihbuei et i ygifted spati al
modul ation device. A first light source (11), -a second light source (21)

having a frdif feienillemination Speidal USYEted 88 SRS hAbioRPeLBHIUNMLAl the
first 1light source (11), and a replacenent optical systemreplacing |ight

in  a spegd I ' ( o | i,ght
our co- (117 Ty TR O Ao BpRERI Yl in e b RO Rarld B o™ (o))
are conpr,j . e, light in the specific waveband with weak |ight

i ntensi tyéﬁg)g%(%qﬁaﬂm dus flux (L1) fromthe first light source (11) is

replaced with Unmanous fl.ux éPLZ with sufficient .intensity fromthe
second | i ght Sv%ﬁ?g%m(nyﬁ ﬁ?ﬁ‘éP@B n épmﬁféyﬁ%%ﬁeal&%ﬁe%e kept without
reduci ng the ilhun}';rfarilce nore than necessary, and
a nrst g t source,
a second light source having a different emission spectrum
from a wavelength spectrum of the first light source, and
a replacement optical system replacing light in a specific

waveband in a luminous flux from the first light source with a

Iuminous flux from the second light source.

17.  An image display apparatus according to claim 186,
further comprising:
~ a_projection lens projecting light emitted from the spatial

modulation device on a screen.

18. An image display apparatus according to claim 186,
"~ wherein

the spatial modulation device is a liquid crystal display device.

19. A method of iluminating a spatial modulation device, the
spatial modulation device carrying out selective spatial modulation

on a pixel dot basis to form an optical image, and the method




superior color rendering properties can be exhi bited.
' 25 October 2006

50
comprising the steps of:
| emitting a luminous flux from a first light source;

emitting a luminous flux from a second light source having a
different emission spectrum from an emission spectrum of the first
light source; |

replacing light in a specific waveband in the Iuminéus flux
from the first light source with the luminous flux emitted from the
second light source; and

guiding the luminous flux from the first light source in a state
where the light in the specific waveband is replaced with the

luminous flux from the second light source to the spatial modulation

device.






