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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
optical sw tching device, and n&éﬂﬁﬁ)ﬂ%ﬂ@% projecting an i mage on the

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
l'i quid 25@@3&%0&&@ METHOD OF ILLUMINATING SPATIAL

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




crystal pane'ls for optical paths of B (blue), R (red) and G (green) are

cited. As a light source of an illum nation optical syst kn .Su
projection type liquid crystal display apparatus, a net a?g]k%t?b(féﬁﬁoaﬁﬁp, a

super high pressure nmercury lanp or the like which has a continuous

em ssi on spectrum t hroughout 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 nercury |anp contai?ns a few energy peaks. In the
peak PB in a wavel ength range of

em ssion spectrum light haying an energ

400 nmto® %%)tam%elﬁgga opdigal paths %B,e{)&hﬂ),lﬁdmdhanﬂr@ (greemenyy peak PG
in a wavel ength range of 490 nmto 550 nmis used as green light. Further,
light in &%efavel ength range of 620 nmto 700 nmis used as red |ight.
However, as shown in FIG 10, in such a super high pressure nercury |anp, .
conpared to bl 8¢ #ilight sourge ednahiifhtmiddtton jptitale sysfeneisi syciph red

light is considerably insufficient. Due to the insufficiency of a red

|1 ght - composjentiont typertiuéd hasndedishlay appakaeheth BEA HANM lympbt 2i ned
tends toward green and blue, so favorablée color rendering properties

cannot beaobtpeneHigh hgr&daie. méf@;ﬂwgggﬁjytalegﬂfg Jedr Gafich gt gomponent

and a blue light conmponent are unavoi reduced so as to a Jugt t he

\é\lgi E;t Oggéﬁ%ggoab%ﬁ%iéﬁvgé&kﬁmc%%uéﬁé‘&e rtiiggw%rvg eeligttihe§ax?éee o?bt ai ned.
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.




3 However, in such. a method, the whole illuninance declines, thereby

resulting in the occurrence of such a problemthat the b, es t he
proj ected i mage cannot be sufficiently obtained. Further ?ngﬂci&eeﬁ?%@é on

spectrumin FIG 10 contains a yellow |ight component or an orange |ight
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 l ow conponent or the orange conponent causes a problemin the color
rendering properties of the projected 3mage, such as changing the original

col or of | ect | mage hch shaul d red to orange, _or changing
the ori gi %@ﬁe(%ﬁ%br?ﬁo%%ﬂ‘t%g ‘%‘F&F@‘@m glae Pﬁé@]& aﬁ‘i‘@ﬂn'éﬁ% dgchaes gtheuehyo

yel | ow green, Jn thﬁ case where the netal halide lanp is used, the problem
occurs i resutARg i the ocquirenes, ob suchea frchden hate ke dirighnine ssfof he

I nvention lProvi,de (gr_l illum nation optical system having superior color

r ender i ngtPPEYELId image cannintibe ayfficiemitly ebhtaineduni nance, an i mage

di splay apparatus conprising such an illum nation optical systemand a
spatial nodul & wokhetewhecemibsionnspedriyn tine FIG. U0 kahtimsORtyldbw SYst em
and a nethod of illumnating such a spatial nodul ation device. DI SCLOSURE

OF THE | NNgINTIcOxhponentli g 410 erdrdestliglhpesdmpbnbhe haWisnt i0Mhiohhgre is
‘provided an illumnation optical system conprising: a first |gl gﬁt sour ce;
a secongnerght pealtr P& W4kl energy level of 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
briginal 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 tﬁe mvention 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




25 Cctober 2006 4 different em ssion spectrumfrom an em ssion spectrum of

the first 1ight source; and a replacenent optical syste rdacQI ae(r:'b&% | i ght
in a specific waveband in a lum nous flue fromthe firs it §oUrce with
a lumnous flux fromthe second |ight source. In this case, the |um nous
flux. fromthe second |ight source preferably has an intensity peak in the
above specific waveband, and when the gpecific waveband is a red waveband,
a light-emtting diode or a red |laser having a peak in the red waveband is

pr ef er abldiffesert asmidsion epettruil Giim SO RissMPE EQ¥eErurhNSE EEP!fRGgMENt

optical system according to the enbodinents of the I nvention nay
r ef er ablljrhihebufee; ] oht, | [1C {21 nd.emtting a
DL noos AL sbutcr bl ephhEs: SploA v Lal JEBIELA0 RO SR 4L,

| um nous flux incident fromthe sourcera

m ncident from the FIrst T PAAS TSt i fearly
i nous PPy ey bariafd FARdt Rk bl 0B 1o HaRL Seutesmith  moar |y

| um nous 11 ux 1nci
pol ari ze ) Xepol af4d zed in.a.second polarjzation direction, a
pol ari zagi ?)ﬁmrlgtgiai?i Irhllgk#dg\%’lr%ehy’elsee@ﬂ]\‘}ell’;g toBfNrsey ofmythisi gage,pbheri zed in
t he firsi lglcal ariﬁﬁiorhdire tion in the specific waveband in the | um nous
flux enm tYEEPPREn e FPBht PR ntaroands lighti seunce tireferaddyd hasl am zat i on
direction and.selectively rotating only light polarized in the second
pol ar i zati§RsEey Berkdr the aheve specifi¢ wanmbamal) duichwiien thevispeuifid | ux
emtted fromthe |ight synthesis device to the first polarization
di rect i owavehand pokarédiwaveband, a light-emitting diode or a red laser
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




device allowing only a linearly polarized lumnous flux in the first

pol arization direction in the lumnous flux emtted from 5 ber
2006 5 polarization rotating device pass through. Convelzget%?zbef%@éo

above-descri bed repl acenent optical system may include a polarization

rotating device selectively rotating only 'light polarized in the first
pol ari zation direction in a waveband & her than the specific waveband in

the |um n'% afl uz. em tgag:d from the |ight synthesis device to the second
pol ari zat iSHHIZAEAT satadine degieePasethrewglnt i ng only 1ight pol arized in
the second pol Zfi zatio c&i}rection in a waveband ot-her than the specific
‘waveband in t h&’ONYRFeRBUsthe (pdaa-deeeribednraplackingmit spticadssystdavi ce to
the first polarjzation direction, and a polarizing device all-owing only a
linearly pBrarnsbilq anpalarization fatathey devivedseleltivielrioBitigisl 861y ON 1 N
the lum nous flux emtted fromthe polarization rotating device pass

t hrough. lighthpolatined niat ithve diptst cpblasysdieom 28ERECEHRY iﬁoae?@%ib pts of the
i nvention, light in the specific waveband in the lum nous flux fromthe

first |ighthanthar the spalificadavebiind 8 TTaRA0LL tul OMHLE egond | i oht

source having a different em ssion spectrumfromthe em Ssion splgctrum of

i the Spoti {10 wavenana vt ek ohs ool baBT o Rah “BrectioR ABls 11

in the specific waveband w th.weak 11 ght I’ ntensi f1 ux

from the ddlbativbiydRbtARHECE KA LACE i e dolSnt LGy S i Wi N

fromthe ddlbat ensyigt v fro% ﬁ@azlé?]gnégﬁréﬁ&j it the second polarization
direction in a waveband other than 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 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
speétrum 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 iniage display apparatus according to the invention

comprising: an illumination optical system, a spatial - modulation




source. According to a second aspect of the present invention, there is
provi ded an i nmage di splay apparatus according to the inventjo rising=
& sicher 3068 ¢

an illumnation optical system a spatial nodul ation 25

device using a lumnous flux emtted fromthe illum nation optical system
as illumnation light, and carrying out selective spatial nodulation on a
pi xel dot basis to forman optical inmage, wherein the illumnation optical

| ight source, a second |ight source having a

system conprises: a first
| i ght

different emission spectrumfroma wavelength spectrumof the first
replacing light in a specific

source, ang a repl.acemgnt . optigal syste I
waveband i‘ge"éc? dfﬁ‘ﬂ%u%nﬁuﬁlﬁs? rg‘HF‘t ﬁéllfff‘e&tfrqmgf}he gléurr@@a\mm optiaadi nous
flux fromt hg second,, light source. In the inmage display apparatus

accor di ng V6'&Mp&di ABHEEDStiqn ighty @énd warrying heut [delectizei spatipdi cal
system light in_the specific waveband in the [umnous flux fromthe first
Ii ght soureedulatiqay onc adpisialndethdasisio nfowrs fanuppticaln inhee s ewdratein ght
source having a different em ssion spectrumfrom an em ssion spectrum of
the firstthegllumination bptichb syetbar evenpriopsi eakirsystight sdhgiceby |ight
in the specific waveband with weak light intensity in the | um nous flux
from the sécod Ilightt ssanee chaamebe: deffessssl ebhiddidhespdbFe-@AN Sy With

sufficient intensity fromthe second light. In a nethod of i1llumnating a
spati al nwdubbéﬂgﬁ_;h dp¥etiam of the first light source, and a replacement
optical system replacing light in a specific waveband in a Iumiaous
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




according to embodi ments of the invention, the spatial nodul ation device

carries out selective spatial nodul ation on a pixel dot B?%é}coﬁe? {)J(%rm an
optical image, and the nethod conprises the steps of em tTti 3 a F nous
flux froma first light source; emtting a |um nous flux froma second

| i ght source having a different em ssion spectrumfroman em ssion 25

Cct ober 2006 7 spectrumof the first light source; replacing light in a
specific waveband in the lumnous flux fromthe first light source with
the luminous flux emtted fromthe sedond |ight source; and guiding the

| um nous f|ux from first Light source in a state where the light in
t he speci FP%cmbﬁtgﬁﬁes fi’éﬁfl 4 woprceh arepdaeingudightxinf raonspeefic second

| i ght source g’o t he spatjal _nodul ati on device. In the nmethod of

i | | uni nat MigeRaagain dheryninens flwefrom the forsdi hight comrbediithntlse of t he
dinvention, after light in the specific waveband in the [um nous flux from

the fi rstlumglh@u%ﬁlxmemittetblﬁtcandlha/\sedond]éigﬂtwﬁmus afdu¥uidiog the second

| i ght source having a different em ssion spectrumfrom an enission

spect r um bimirdmens flust frongbhe fSestrlight boRréd!M ROMALE Wietd PR Uit iy St |1 ght
source is guided to the spatial nodul ati on device. Thereby, [lhght in the

speci 1 c thavepasitic waeheeak it h@Bladdil Hi¥h thd TubfiobdTIAGURGE W T om t he

first light source can be replaced wth the 1 um nous ux with sufficient

T s e R ¢
' 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;




crystal display apparatus according to an enbodi nent of the invention;

FIG 2 is a sectional view of optical paths in a fly-eye | ens B pqrtion and
a polarization converting device of the projection type %i‘ﬂ%?‘%fng%t al

di spl ay apparatus shown in FIG 1; 25 Cctober 2006 8 FIG 3 is an enl arged
sectional view of a part of the polarization converting device shown in
FIG 2; FIG 4 is a schematic perspective view of the optical paths in the
fly-eye lens portion and the polarization converting device of the
projection type liquid crystal display8apparatus showmn in FIG 1; FIG 5 is
a sectional vi ?ﬁ/ﬁof optical paths in another fly-eye |ens portion and

anot her pol ari -orP chnvaR t PRipiEed ctectionale viemo] elbtd opattypef | tlgai d
crystal display agpparatus showmn in FIG 1; FIG 6.is an enlarged sectional
vi ew of apﬁﬁﬁl’cm%‘fmm@m@é‘ltm devicershooymant FBG. devi ce shown in FIG 5;

FIGs. 7A and 7B are sectional views show ng polarization directions of

i nci dent | uni nBU&- 14 ixesschemabls permeetiven kst diegic op iyl ‘i:%tﬁ@%{‘ in FIG
1; FIGs. 8A through 8C are plots of the wavel ength spectrumof a um nous

[, pessti Toommin el end 0 fomaiddeys i aBplpyforal 2
of a pol prdjaetivartypet Byl cARthe &idNhyPa PRhRLLA NibwhahepREON in Fi Gs.
' 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




7A and 7B; and FIG 10 is a plot of an em ssion spectrumin a typical super

hi gh pressure nercury | anp. BEST MODE FOR CARRYI NG QUT T E
Preferred enbodi nents of the present invention are descrggg‘!}%%@ber

2006 9 in nore-detail below referring to the acconpanyi ng draw ngs. At
first, referring to FIG 1, the structure of a liquid crystal display
apparatus as an inmage display apparatus according to an enbodi nent: of the
invention will be described below. In the enbodinent, "front" neans a side
closer to a light source when viewed $rom an object, and "back"” neans a
side opposite to . the |ight source when viewed fromthe object. FIG 1
shows a s’éhg}ﬁﬁ'lei@et\?ilbhﬁgw referringite theyatcomphmpngydraspiegsat us accor di ng
to the enbodi nent_when viewed fromdirectly above or side. The liquid
crystal displ aét dpysdr aeferring 4ot Fl€e- hatled steystivem qff 9 leguidrryypd col or
liquid crystal display apparatus, and conprises a first optical systeml
‘and a secbsplaptdpmdradustemah ifwgd i disploptapprasis tRFLEdIME tydgs a first
| ight source 11, a second light source 21 and a PS separation/synthesis

devi ce l@mBodiasht abf ahes ih@chbfnei Ralll Ye '&seHLEH ISR, anygpghgal axis

10) of a Ilumnous flux fromthe first |ight source and a central axis

o e gl e gttt a4 b5 ek ol L
viewed from an object, and "back" means a side opposite to the light
source when viewed from the object.

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




other, and the PS separation/synthesis device 16 is di sposed in a position

where the optical axes 10 and 20 intersect with each oth t
optical system 1 further includes a fly-eye |ens 'port|o f§1q§ Eb&§

pol ari zati on converting device 14 and a condenser lens 15 which are

di sposed between the first |light source 11 and the PS separation/synthesis
device 16 along the optical axis 10 in order 25 Cctober 2006 10 fromthe
first light source 11. The first optical systen11 further includes a
collimator lens 22, a fly-eye lens portion 23, a polarization converting
devi ce 24 and condenser | ens 25 which are disposed between the second

li ght soutrem Fheafast Higlpssoyaperkt.i oFheyfiréte spsicddystehs lafwrthekhe
optical axis 20 in order fromthe second |ight source 21. The first

optical sysleded aurcilbimatorc|ledms 22,poh arflyayeolensdt Horbidndeagcea17 and a -
pol ari zing plate 18 which are disposed in order along the optical axis 10

at the bgulaoizatide cBfivestiagadéwioé DNbAASA Soda¥hser 1&15 Qgr@hnih bipe first
optical system 1 corresponds to a specific exanple of "an illum nation

optical slispestd i otheoknventi AReoniDIREKE! sofflapPidLal g SHELT il udi ng

the polarization converting devices 14 and synt hesi s

o SR O UL

18 corresponds to "a specific exanple o ace

to°a' spectt RcrS SREEY iRl oF5) PR ERRL Aokl ot s HorelEH PO

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 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




means"” in the invention, and the pol arization converting device 24

corresponds to a specific exanple of "a second pol ari zati on I ng
means” in the invention. The PS separation/synthesis de@?ggmﬁﬁxﬁﬁﬁéesponds
in the invention, and

to a specific exanple of "a light synthesis device"
the polarization rotating device 17 corresponds to a specific exanple of

"a polarization rotating device" in the invention, and the polarizing
plate 18 corresponds to a 25 October 2006 11 specific exanple of"a
pol ari zing device" in the invention: THe first |ight source 11 includes a

| um nous bod‘}/.f.’LlA and.a (;'or;gﬁve_ mrror 11B with rotational symretry. As
the | unmi nBRECHKRRAMPIe of oa nalariging deviealein thejinyemsenr e mercury 1 anp

havi ng a cont&guggs em ssion spectrumthroughout the wavel ength range of
visibie Iight t&eyfest Lghtesouncevhl ypchoteserahphmows tedpl 1ialindea | anp may
be used. The concave mrror 11B preferably has a shape wth as high
condensi ngpredafviecinehrprail Bowdilol wtasionadl osyemsenlye, As @RheLBIRAsm rror is
preferable. As the second light source 21, a light-emtting diode (LED) or

a red | askedhdlidgdon ediafni ket s1@061Skigh préfagle bh@rf:ﬁ?jmlélg‘f) B qn

spectrumof the first light source 11, "and having a ‘peak™in a spéecific

waveband,cadtithuotis émigdomaial i rom 620 nmto
700 nm acnd m)lrle f)refera%I y f?%&%ﬁiﬁ%%%éﬁwﬁo%ggggd&ﬁ%ﬁé’ to FIG

g]? -mkggr‘ﬁ%gﬁgegﬁgﬁeﬁé& L%&%ﬂ ! ﬁﬁﬁ&hatmqy,c%xl' ie%n%lel, egsm%%ap eﬁsal?dé unction.
lamp 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




flux emtting fromthe second |light source 21 into a | um nous fl ux
substantially parallel to the optical axis 20. The fly-e ens lon 13 .
includes a first lens array 131 and a second | ens array%ségmgFEB@@%d
bet ween the polarization converting device 14 which is a part of the
replacenent optical systemand the first |light source 11 in order fromthe
first light source 11, and corresponds to a specific exanple of "a first
uni form zation optical system in the invention. The ,fly-eye lens 25
Oct ober 2006 12 portion 23 includes ad2hird lens array 231 and a fourth
l ens array 232 disposed between the polarization converting device 24
whi ch i s PaH3PRe?3 jacludgs anthirdplensearray @l aald ayfoueth dodsthaagecond
light source 21 in order fromthe second |ight source 21, and corresponds
to a spec28?dierasqd detween thecpabhrin fion nozateirtimgopbvical 26 yatieRlisi Nt he
i nvention. The fly-eye lens portions 13 and 23 function as integrators for
di f f usi ngahatheropart bfithe replasateht Optidid dystéin hhaNthe SOU; 1%3:[1);8”(1 t he

|

second |light source 21 to uniforman in-plane illum nance di st ution in
liquid crymiree PRial erdd@RrodDEhanidc4AB 1i5he 8! r LedbbygLeferred
to as "liquid crystal panel 40" . as né ess?gpg \A‘tzgi’ (ﬁﬁi\?\ngﬁr%%éoéggcri bed
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The pol arization converting device unc ( \

Lgp;??;;&ﬁ*ﬂégﬁéﬁgb bﬁXTPB?g@+%ﬁ??8§grh§$ﬁéé§IEégﬁﬁdfhgskunéﬁggagéy
integrators for diffusing luminous fluxes emitted from the first light
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




pol arized in a first polarization direction, and the pol arization
converting device 24 has a function of converting a | um flu fromthe
second |light source 21 into a second linearly polarized a?tﬁﬁt(wgﬁéoqq ux
(S-polarized lumnous flux) polarized in a second polarization direction
orthogonal to the first polarization direction. Herein, the P-polarized

| um nous flux nmeans a linearly polarized lumnous flux in which a
vibration direction of an electric vector of light entered into a

targeted. sanple plane is included in8 plane of incidence (a plane
jtio Qct ober 2006 @ 13 a

i ncl udi ng_ aynormel line stood, n a.pos n where 2
beamis eft ie)‘reg%], 13n8n5?1rq¢1c?8é1mm‘oé M ,el’&n(ﬁ’eﬁﬁé’saﬁgl ke Zawolptigedous 1 ux
nmeans a I*nearlli/ Ef)l arized lum noui flux in which a vibration direction of
an el ect r 'FHRMDHHYE Reans 3 ALY moderizedt imineup flvre infwhivki dence. The
pol ari zatign converting devices 14 and 24 will be described in nore detail
| ater. ThEE8HWEhdiveqtian &f am eleckrds veotate s énaa glanal otthogbnaiab|
| um nous fluxes emtted fromthe polarization converting devices 14 and
24, respeidhd plage offigcidemiens eThe grdesizhbiandodbe Mlightevidésnasgddon an
em ssion side of the PS separation/synthesis device 16. The PS
separ at i i2¢ ssibl bedescribeilde dbreyhitheisiazes the first linearly polarized
| um nous flux and the second linearly polarized lumnous flux with a | ow
| 0ss, and i ncITidegohdenBer 18RsEON8eAn I 35 coRdBRRATALIAUISYNLPERI ) SUr f ace
16A where a pol ari zation

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




separation/synthesis filmis forned in between. The PS

separation/synthesis device 16 perforns functions of passi t.he | rst
linearly polarized | um nous flux which is the P-polari zegkeﬂﬁor%eﬁ%%ésé fl ux

t heret hrough with hardly any loss, and reflecting the second linearly

pol ari zed | um nous flux which is the S-polarized |umnous flux on the
separation/synthesis surface 16A with hardly any |loss. The pol ari zation
rotating device 17 is a polarization rotating device having wavel ength
selectivity which rotates the polarizadfion direction of only light in the
above descr.i pegy fic waveband (red 25 Cctober. 2006 .14 waveband W in
an incide fw?ﬁ%’ﬁog@ f%)@rb)}n@&ijedbtgrlé‘é%{n%‘?d fP‘é?F | i 99 degraesi narde ot her
vvavebandoé)ﬁss.thrmh h. vviéhoui] rotation. Therefore, in the first linearly
pol ar i zedHVHNG Sy in theothen e wwhand passribronghhvithomtawtationt o t he -
pol ari zatjon rotatjng device 17, the polarization direction of only |ight
in the abbherefererimbhe frssdinenrly palaried lenynows dhedehtamd frent i r st
polarization direction (P- polarization direction) to the second

pol ar i zatthenfivst bghit seurse Yoimboi Het pohamizatiohi eothting dbbieothethdand, in
the second linearly polarized |um nous flux entered fromthe second |ight

sour ce 2pdlatmativm dotexticradf only Nidial in@hdevi &R -ddscribh@l RPARSH AR | ON
direction of only light in the above-described specific waveband is

sel ectiveby seliceivedly f ropatdde froffOfitk PRkSE | paldr2Patbh Qi iids PPl ari zation
direction) to the first
polarization direction) to the second polarization direction (8
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 (P-polarization direction). Herein, when the

above-descri bed specific waveband is a red waveband (for | e rangi ng
from620 nmto 700 nm substantially equivalent to the . %%@gq%gﬁzosogect rum

band of the second light source 21, in the second  linearly polarized -
| um nous flux fromthe second |ight source 21, the polarization directions
of all wavel ength conponents in the second linearly polarized | um nous

flux fromthe second |ight source 21 are rotated to the P-polarization
direction. As the polarization rotati #§ device 17 having such wavel ength
selectivity,.for exanple, "ColorSelect" of ColorlLink Inc, can be _used. The
pol ari zi ngipiRAes flivd PIRrigRAy in |theefirst polarizasiwomsdimectiber (Boos 15

| um nous flux_ polarized in the first polarization direction (P- _
pol ar i zatPYAriraten darpction) imdmaarlp@odarized lnowinvousiluxesesnitedt ed from
the polarization rotating device 17 pass through. The description about
this willfrem gthenpolarizatidhe robating aptviical 15y taam Xhroalghides Thehr oi ¢
mrrors 36R and 36G disposed in order along the optical axis 10 at the

back of tdwscrimtiiau iabong thiawdlllBe Witvdn dagpredet er i ned space, a reflective
mrror 37A disposed on the optical axis at the back of the dichroic mrror

36G a refl ectThesstoddopBitR] Syspanes iﬁ@hﬂﬁsa&iicﬁrﬁ&sﬁi'ii‘?a%sgﬁ%gih& he -

center of the reflective mrror 37A and being orthogona e optical
5o P RO 5, 161 O SRGERE 7R, B 0 7t
polarizing 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




ort hogonal to the c')ptical' axis 10. The dichroic mrrors 36R and 36G have a

function of separating a white lumnous flux emtted fr h I zi ng
plate 18 into color conponent lights of R (red) and G (ggg%ﬁﬁwazé are
fundanment al col or displays, and reflecting the color conponent lights in a
direction orthogonal to the incident direction. The reflective mrror 37A
reflects a blue conponent light, which is a renaining color conponent
after separating fromred and green conponents by passing through the

di chroic nirrors 36R and 36G, in a dilection orthogonal to the incident

mrror 37B further reflects the blue

direction t he flect)ve
g’t 0N of {I‘E‘E‘t é’ﬁhﬁﬁatvﬁemllré?lf et G \eeflaatsotha med gompinesdt i on

corrponent
ort hogonaggﬁlg the incident 25 October 2006 16 direction. The reflective
f

mrror 37 separatefeby eandorfbedad onitlm dichaoint exirbyr @6R riaf hect ed on
the dichroic mrror 36Rin a direction orthogonal to the i nci dent

di r ect i ondirgaonershagopal saltheyiscalarit direttion. i ncl udes condenser | enses
38R, 38G and 38B disposed in a direction where each light reflected on the

reflective nirFhbe segond @idcahsydét: 2 fvehsr ineRRESS bd/ﬁdéhse%n}énsbé qui d
crystal panels 40R, 40G and 40B di sposed on emi ssion sides of th

condenser38Rn886 20K 3FBAizpdséShn 4 AsRREIIDY Y here: et gnses 38R,
38G and 38B condense conponent |ights of rned e&?e%chan%qézﬁse‘%)gr ated by

t he di chrgi Ghé”réﬂ@&ﬁv@@ﬁ@fﬁ}s?@ﬁl 3B % @E?ICaHaZ@et Eope fp'elchve na?r}d shown)

for converting the incident
liquid crystal panels 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




into nore perfect linear polarization is disposed on each of the em ssion

sides of the condenser |enses 38R, 38G and 38B. The Ii q2$g) frby%@d panel s
40R, 40G and 40B have a function of nodulating the pol af? 249%6h* W ection
of each col or conponent |ight passed through the condenser |enses 38R 38G

and 38B on a pixel dot basis according to each inmage to be displayed.

Herein, the 1liquid crystal panel 40 corresponds to a specific exanple of
"a spatial nodul ation device" in the invention. The second optical .system
2 still further includes a dichroic pPf%i smfor color synthesis 42 disposed

in a position.where an axis .. passing through the centers of the dichroic
mrror 36% RrfeEHAn lenfidd diseesad paner sodsaiem sidendfstipasbichgoichr ough
the centers of the liquid crystal panels 40R and 40B intersect with each
ot her, arlrism fox eplor gohesiy 42 Ghejtdss bonat exds $Asdimpohesugln the eni ssi on
side of the dichroic prismfor color synthesis 42 (that is, on an axis
passi ng t¢endeys ofttdhe dichreic noirroh 861 chidithe Miguid cBACabRAidiesddqui d
crystal panel 40G and on a side opposite to the liquid crystal panel 40G.

The di chawd copr assidorommisite syntthesiliydid LYPEHESpags1 CAHQ). COPREnent
| i ghts having passed through the liquid crystal panel 40R 40G and 40B and

emts Syrﬂibhﬁd)ilzeFridzﬁlhfor a6kt Qﬁnﬂié&]i@%%%’c&ﬂtﬁ'&&z‘%ﬁ. c&l%?ggdlggﬁnéﬂﬂ' proj ects

the synthesized light emtted fromthe hroi c prism or-synt hesi s

42 on a SEfIRRThaind YaROYs thrBuB AR HuihhS sBA bindl 90RSSDESINES" the
40B and emits synthesized light, 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




mrror 36G and the reflective mrror 37A, and a condenser lens 33 is

di sposed between the reflective mrror 37A and the refleggid/cctaobm LEdy 37B.
The condenser | enses 32 and 33 are disposed in consideration 5t <4 f act
that an optical-path length to the liquid crystal panel 40B corresponding
to the blue conponent light is |onger than optical path |engths
corresponding to the red conponent |ight and the green conponent |ight, so
it is easier for the blue conmponent light to be dispersed. Thereby, the

bl ue component light is further conded§ed, so the intensity of the blue
conponent. | i n.be evented from heing declined. Next, referring to
Fics. 2 tht ggéh% iatat]%‘?él g‘i?%‘taulp angpagfing| throygd theonirali akis130and t he
pol ari zati on converti ng gevi ce 14 will be _described in nore detail bel ow
FIG 2 stﬁﬁ\g bewng pegRéndigwlar ofo a maemery pigee,| end Faft.i nshewanant he

pol ari zati gn converting device 14 25 Cctober 2006 18 in FIG 1 taken al ong
a pl ane RRlaraedt viesug ahpasptof sheappkarigatiandedererdimer pevidecitar to a
paper plane, and FIG 3 shows an enlarged view of a part of the

pol ari zatshowr onvEILGi 12y atel iRi€.14 sleiweva schdth&ic perdpdchive vidwshews a
schemati c perspective view of the fly-eye lens portion 13 and the

pol ar i zatthenflg aryeeleisngoxdéon A8 ddd thenpdlaehsatfor?BndertifgUddgEe 1Q. avoi d-
mxing up a line indicating a beam path, cross-hatching is not shown.
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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




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 | arge nunber of ninut%S(L%§§r§6 nts
(mcro lenses) two dinensionally aligned along a plane perpendi cular to
the optical axis 10, and separates |um nous fluxes substantially parallel
to one another fromthe first light source 11 into a plurality of snall

| um nous fluxes by each |lens elenent to condense each of them The shape
of each lens elenent of the first lens array 131 is simlar to the shape
of the liquid crystal panel 40, and t#8e |l ens elenent and the liquid

crystal pfmel 0 have aﬁ W, gtte conjugate relationship. The second | ens
array 13268 Ghemeniidx the fg’g‘% legis aygay| I3byae alsebrs spperimposd thecl udes a
plurality of |ens elenments two- dinensionally aligned corresponding to each
of the | esmadl dupringusffluxes ohi pee dwother r dfhd 3malabimimns €hwemant of the
second lens array 132 emits the small |um nous fluxes incident froma

cor r esponeimitteds fioonotler 12086eleitettansf flrmesetond e hirsf 1Fnsrarray 131
so as to superinpose the snall |um nous fluxes on one another. The snall

| um nous dédnidkeassedeoh tstueda dososfi tlhﬁlﬂqﬁﬂa @lyabENpanels 410R, 30¢Padd g8 array
132 are condensed on surfaces of the liquid crystal panels 40R, 40G and

408 Dy e nendondehstPlendo15 A RIS uRBLLINABE ¥h Uit AQYRE

t her eon. e polarization converting devic | sposed
fly-eye l@gnsehfartion 13 includes a PS separation prismarray 141

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




and a phase plate 142. The PS separation prismarray 141 includes PS
separation prisnms 141A having a strip shape and a squar e2$&§0§)e $ tion,
and reflective prisns 141B (refer to FIG 3) which are alternately
aligned. The PS separation prisns 141A and the reflective prisns 141B are
formed so as to have a wwdth equivalent to half the wdth of each |ens

el ement of the first and the second I|ens arrays 131 and 132. The PS
separation prism 141A includes two triangular prisne wth a base angle of
45 degrees, .of which oblique surfaceg0are bonded together, and the bonded
surface is a PS separation surface 141C where a PS separation filmis
formed. THEIpSe Jddérandis spparatedsinto theiPspalseiredolumhinouhflugeRler of the
PS separation prism 141A is positioned on an optical axis 145 of each lens
el ement ovhidletrdvelstinahe sdmesbirentioneas the iayslehd dizactidB2nd\tRS

pol ari-zation m xed lum nous flux (P+S) emtted fromthe second | ens array

132 comdspodanizadflmmumaots fippr Sxivimitleltyatbls heat direetiohherihidgoapar ation -
R -- 25 Cctober 2006 20 surface 141C, and is separated into

t he P- poltarilzethdidshpdisectionx P1  which travels in the same direction as
the incident direction and the S-polarized |lumnous flux S which travels

0y St o s pd ey nitgat B SRR T Bt Al P
tri angu_l_ FhePd B agegs FRa? SRR {.:qungular prism of the PS separation
| prism 141A, and oblique surfaces of the triangular prisms are
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




pri sm 141A, and oblique surfaces of the triangular prisns are bonded

together. The bonded surface is a reflective surface 141 re
reflective filmis forned. The reflective prism141B is %(’jids@go(;%gre%&)sﬁo t hat

the center of the reflective prism141B is placed in a position
corresponding to a portion between the lens elenents adjacent to each
other in the first and the second |ens arrays 131 and 132. The reflective
surface 141D of the reflective prism141B reflects the S-polarized

| uminous flux S reflected on the PS &&paration surface 141C of the PS
separation prism141A in a direction orthogonal to the incident direction
whi | e kedfiatgof hen epaission gurfaceliofeeachreflifetivebprismndd hB, tamdidss beam
146 emitted fromthe reflective prism 141B becones parallel to a direction
of the opbspoadd dxi praxififyi twhor snacomiact! witlnohe driysioh shdacaeifdent '
| um nous flux (that is, a direction of the optical axis 10 in FIG 1). The

PS separ atdchn rpflestivarpeiyml 44 ides The phesesghitk! V42 nel e thAedbgnded
prisnms having a strip shape and a square cross section, and may include

[ hombi ¢ Hid1gTPaté bladeh@ntB@nflRP6L H0d ddiin PRSI Smick % BYReRofb At e 142
has a plate shape with the sane size as - --------- --- .- tober 2006

21 - that @i aRbithe s YA Srdta &35 Vﬁ%ﬁ?@gh\é& B %18 Rpd s

di sposed in proximty to or I n contact s§sion surface of each
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the incident 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




resin exhibiting a double refracti on phenonenon or the |ike. The phase

pl ate 142 causes a phase difference of half the mavelengb@ (£1K§55b'ncident
| um nous flux between electric vector conponents orthogona %" 8ach ot her
in the incident |um nous flux. Thereby, the polarization direction of the
S-polarized lumnous flux S entered to the phase plate 142 is rotated by
90 degrees so that the S- polarized lumnous flux Sis emtted as a
P-pol ari zed lum nous flux P2. Consequently, alnost all of the PS

pol ari zation m xed |um nous fluxes (RBS) entered to the polarization
converting device 14 are converted into the P-polarized |umnous fluxes Pl
and P2 't osediéommi tview, of ca cpamtanéditteo polhyiziatiin pohwerdak dovidel Rar
renovi ng the S-polarized conponent and allowi ng only P-polarization pass

through, shewsargy RIks5dulianBIGenGeahidn, i od¥br ehvoiBlikind\N& a
referring to FIGs. 5 and 6, the structures of the fly-eye lens portion 23

_and the pEharindaéafgGBYA pAth I&sSth Adhhk lis ot ARG bed below. FIG 5
shows a sectional view of the fly-eye |ens ortion 23 and the pol arization

converting devj ' I 1 ' a )assiyng .t hr ough
the opti cal ax%g%fd%l?\g%bmgllﬁg' %pég%lge?fd?@%%&Fﬁ{?@ﬁgsp‘éﬁgﬁga)ﬁﬁ? 13%3 FIG 6
t ober 2006 2 .sectjonal view of a

part o RRAPCrS A, Lk, PRI AOR. S B TR G24 R Go.
and 6, | Subs ghtfacil],? \églads'arlnl.n)t(ai a t"fl%sg of the fly-eye lens portion 13 and
_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




i ne indicating a beam path, cross-hatching is not shown. As shown in FIGs.

5 and 6, the structures of the fly-eye lens portion 23
pol ari zati on converting device 24 are substantially theaggﬁ%ﬁggz?ﬁ%se of

the fly-eye lens portion 13 and the polarization converting device 14
shown in FIGs. 2 and 3. However, while a lumnous flux emtted fromthe
pol ari zation converting device 14 is the P-polarized |um nous flux, a

| um nous flux emtted fromthe polarization converting device 24 is the S-
pol arized lumnous flux S. Athird le® array 231 which is a part of the
fly-eye lens portion 23 jncludes a |arge nunber of mnute |lens el enments
whi ch™ . ar €32 niisnbine issnall| lnminayse fluxesdinadentitfeem aronespoddings from
the collimator lens 22 substantially parallel to one another into a

pl uralitylesfts eleanent umi peighirdilessmrragcB3less asl tnenpernnposwehee each
of . them The shape of each lens elenent of the thirdlens array 231 is
sim | ar -t embhelsimapeusfflukes lonquhd fhyidieal PPhelsill lansinddiefhanrs el enent
and the liquid crystal panel 40 have an imge conjugate relationship. The

fourth | emaittedayrod2tvdilehsi sleatohfieofPAid Bhrikgechkyamss dsengregortion 23
includes a plurality of Iens elenents which are two dinensionally aligned

P acos bR i Dy el SRRSO e [ons
I um nous By U eSod b SN e hik gk a L4 r&f@omlgéﬁmposed on one another
| 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




|l ens element in the third lens array 231 so as to superinpose the snal

| um nous fluxes on one another. The small | um nous fl uxe S(ﬁﬁg&& 6fron1the
| ens el ements of the fourth Iens array 232 are condensed on surfaces of
the liquid crystal panels 40R, 40G and 40R by a condenser |lens 25, and are
superinposed on one another thereon. The polarization converting device 24
di sposed at the back of the fly-eye lens portion 23 includes a PS
separation prismarray 241 and a phase plate 242. The PS separation prism
array- 241 includes PS separation prié#ds 241A having a strip shape and a
square cross section and reflective prisnms 241B (refer to FIG 6) which
are al t Separation, supfage 244 Cpsandpis aseraratedsimtoabr Prpolarizedef | ecti ve
prisnms 241B are forned so as to have a width equivalent to half the width
of each |laminsusnflug Bf whieh tthiyelsamdthé eafve dite ctien asalrajsciddht and 232.
The PS separation prism241A includes two triangular prisns wth a base
angl e of diSeciéomeznd tlie vripohariktd olian insdadbsx a8 ewhbsindegdvélages her, and

t he bonded surface is a PS separation surface 241C where a PS separation

filmis fdiresion Brehoonabes che dhcidpht rddidni S posi tioned on an opti cal
axis 245 of each lens elenent of the third and the fourth lens arrays 231

o TR Shrah) WS R L,
the PS 23h6k 608! erfi@8iorfurface of each PS separation prism 241A, and is
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




separation surface 241C, and is separated into the P-polarized [|umnous

flux P which travels in the sane direction as the incide g |.on and
the S-polarized lumnous flux S which travels in a di regﬁi%ﬁ"b&??‘?]dé’gonm to
the incident direction. The phase plate 242 has a plate shape with the sane
size as that of an em ssion surface of each PS separation prism 241A, and
Is disposed in proximty to or in contact wwth the em ssion surface of
each PS separation prism 241A. The polarization direction of the

P-pol ari zed lum nous flux entered to ©2he phase plate 242 is rotated by 90
degrees sq that the P-polarized lumnous flux is emtted as a S-polarized
| umi nous thentirst light spereedili pesyes thwnwisthetflpwye lens sopiomried

lum nous flux S reflected on the PS separation surface 241C by the

refl ecti véhe poldricetipal Gunverding devideoh4pthbagadasep lehe 1i5n¢hdePS
direction while keeping the polarization direction. Thereby, a main

1 'umi nous sdyeamtieisghthbsisSdpaicar 1@,e6h wilaeimtidn xrobRtian Beeikef 19m t he
reflective prism 241B becones parallel to a direction of the optical axis

245 whi chand merrﬁbraﬂimﬁgwgmebfarmoérdéie aﬂﬂlpi)tf’&&lils'ﬂé@dl‘&lﬁhe fsbegngt hat is,

a direction of the optical axis 20 in FIG 1). Next, actions an uncti ons
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21 passes through the collimator lens 22, the fly-eye lens 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 the first light source 11 passes through the fly-eye lens portion 13,

the pol ari zation converting device 14, the condenser |en th
separati on/ synt hesis device 16, the pol arization rotatingsﬁg$¥§éi¥$s and
the polarizing plate 18 in order, and travels toward the second optical
system 2 di sposed next to the first optical system1l. On the other hand, a
| um nous flux L2 emtted fromthe second |ight source 21 passes through
the collimator lens 22, the fly-eye lens portion 23, the polarization
converting device 24, the condenser |@as 25, the PS separation/synthesis
device 16, the polarization rotating device 17 and the polarizing plate 18
i n order, lightl having| prasevathroigh tee dichraiptmbaior 368G gmsdes [throhph case,
the lum nous fluxes LI and L2 having passed through the polarizing plate
18 beconethe coudenséwdemod2, fank i Lrkfledted Runatdi@nstioh éftokbhal tepti cal
system1l will be described later. The m xed | um nous flux (L1+L2) having

passed t hiloupicideet dpgdcdidz bpahel @iffectdrohilhs: f7ASt optical system 1
enters into the dichroic mrrors 36R and 36G (refer to FIG 1) of the

second optical Aftey Theed kb | | ' Iy; . es a red
conponent |ight fromthe m%oqﬁl%ﬁgﬁg%ﬁ%&%{fﬂ %)dé%g‘%rlgfe@g%% the red

conponentsdp gl treglgg:’etpﬁ %C(?frgetight &Q%%géhai ﬁgﬁ:ﬂ% 1hﬂg4€netpagﬁgtl[q§% on. The

di chroic mrror separates a green €onpo ] _ _ xed
rof | oots e G Rt 61 3he 94 <onthonstt HeGr PO MM Qi he
| ngi d_ent t iergocﬁ .e?lns'er etl)llsu.‘?Sﬁ,o g%%n(eapl%ers to the liquid crystal panel 40R.
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,




25 Cctober 2006 26 |ight having passed through the dichroic mrror 36G
passes through the condenser lens 32, and is reflected bgcgmgléggkion
orthogonal to the incident direction by the reflective mrror . After
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 Zrasses through the condenser |ens
38G and enters to the liquid crystal panel 40G The blue conponent Iight
ref |-ect edand thieesyntéieisezad Vighti isranittéd foubé peojarssdam the eugded Be
condenser lens 33, and is reflected in a direction orthogonal to the

i nci dent HymhemandﬁbnﬂéﬁsqetlectiveIﬁrror 37B, and passes through the
condenser lens 38B, then enters to the liquid crystal panel 40B. The

i quid cryst al ThenblapetdReadAGenBt AR 1106 A1 Ee 1St @aaﬂgﬂ @lgg%gyect i ons
an

of the color conponent |ights of R (red), G (green

respect i VglpaysaEORHHNB 1 9s 3101 td f‘ﬁgghﬁgg Rlthe ﬁaquf ¢ btgiﬁaal%og

conponent i ght s. After the Intensit col'or "corr
emtted f C I| tal ang| 40B i s

nodul at edﬁi(gnhf\la hfgr |Hz"l|{ﬁeg p?a 4 (noﬁ a%ggtsﬁupm gﬁ‘%rcﬁ%ﬂ%eﬁ? |i ght
enters to dlc C ol or nt heS|s om a dlfferent si de
surface ff v@%\ ?gggr i) (Enhi ear rﬁ%?‘g PIRORHy E%SI]{S?V%PH@%@ t he

red conponent | i
rrp t rougil th 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 the 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

: directior_t of P-polarization (in a paper plane) is indicated with a




green conponent |ight and the blue conponent |ight are synthesized, - - -
---------- 25 Cctober 2006 27 and the synthesized |ight 5%mﬁﬁk§ﬁ to be
projected on the screen 31 by the projection |lens 43. T ape of each

| ens element of the first and the third lens arrays 131 and 231 is simlar
to the shape of the liquid crystal panel 40, and they have a inage
conjugate relationship. Therefore, as shown in FIG. 2 and 5, each snal

| um nous flux having passed through each |ens elenment of the first and the
third lens arrays 131 and 231 is nag2sfied and projected on the |liquid
crystal panel 40, and is superinposed thereon. Thereby, even if the

i nt ensi t y"dosibderhdndechn arnowhe andsstlsecipiodariahtione Hitsctions df US-i s not
uniform before the lumnous flux enters to the first and the third | ens

arrays Idlaaiwht2@i (peéigendicubintneke giapleliglahiePis didicRed vibhdeer yst al
panel 40 beconmes sufficiently uniform Next, referring to FIGs. 1 through

8C, the functisngint, tferdihgSto @AGESal mﬁ@gﬁ 36 ol dé%?oﬂé' Ngfh on

optical system accor di ng to the enbodi nent w | escril b i n detail

bel ow. Flffst BAh8nsbiBe 18 t%CH‘?éTEPSCs g»%%hﬁb{ﬁgﬁ(é}gegzst 399@&9161 \hd

polarization directions of the l'umn umhous flux L2
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The first light source 11 emits the luminous 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
ﬁolarization ‘converting device 14 are converted into substantially

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




predeterm ned position in the illumnation optical systemaccording to the

enbodinent. In. FIGs. 1, 3, 5 7A and 7B, the polarizatio &'Orbglc%d n of

Ppol ari zation (in a paper plane) is indicated with a 25 6 28
"doubl e- headed arrow', and the polarization direction of S- polarization
(perpendicular to the paper plane) is indicated with "". At first, '
referring to FIGs. 1 through 6, functions fromthe first [ight source 11 to

the PS separation/synthesis device 16, and
source 21 to t he PS
bel ow. Th l'i ght sour

separ at i on/ synt h&8i s device 16 will
11 em ts_the lum nous flux L1

functions fromthe second |ight
be descri bed
substantial ly
Is a PS polarization

paral | el 1

m xed | um nous flux including
ohpeAuminows dluy i eusittedfroim tlensecand hightt smafder 81 | ens

S-pol ari zed ¢

rst
t’ ed’p@trl"‘é]é’ln EVeT elSGS dewecq dffi nous flux L1

the P-pol arized conponent and the

array 131 of the fly-eye lens portion 13, and

I's separated into a

pl uralitemdersmatd thencelbimsatduiass 2 edribe ldéverginkemdftie colfigratbe FIG 2).
Each of the small |unminous fluxes passes through the proxinmity of the
center oflepaci22catoiseptndillg lemSnogkemaid LA A SRCA;Hhingds Fury 132,

and the snall ent er

| um nous fl uxes

into the polarization converting

devi ce 1%u%t£ﬁt1ﬁ@l}dﬁﬂﬁalw to kRe ldiRicA! #kisZ86,| 2Rd 91?} grﬂHenHJlﬂ?Hbﬁ§ 14,

almost all of the snal | um nous “f | uxes separ at e om the Tum nous fl ux

P, pol ar 10251 ﬁe“?f‘u"’ 3G P PR OB R ORGS0 T

P- pol arlzed uni nous Xes,
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




enter into the condenser lens 15 while diverging (refer to FIG 3). The

P- pol ari zed | um nous fl uxes havi ng passed through the p%qfcit&}%;'b
converting device 14 are converted into substantially télecentric |um nous
fluxes by the condenser lens 15 to enter into ---- --------- 25 Cct ober
2006 29 the PS separation/synthesis device 16. The |um nous flux L2
emtted fromthe second |ight source 21 enters into the collimtor |ens 22
while diverging. The collimator |ens 22 converts the lumnous flux L2 into

a lumnous flux substantially parallé0 to the optical axis 20, and enits
L2.. The ux L2 is a PS pol ari zation m xed

the lumn bl ux | um, nous . fl

| uni nous g#{au § RSF’[}'&?}P@ Pill%telllgowgl‘?li@Gec@%’@ﬁmiséncpt‘wtéoms pblthei zed
conponent. The.l um.nous flux L2 enters into the third lens array 231 of
the fly-e{¥q F&ﬂﬁ’dﬁﬁ%ﬁeéel,‘lbaddm detpdbbelaved into a plurality of snall

| um nous fluxes_ by each |lens elenent (refer to FIG 5). Each of the snmall

| umi nous f | uxeSl@addeshowsdihghpolearipativnndirgctibnt dthe dahfnoat @agh
.corresponding lens elenment in the fourth lens array 232, and enters into
the pol arkkagndnFi6nvEBt singwaebliec poldrivhiion dnRRERASbPGhe Tutifious

pol ari zation converting device 24, alnost all of the small [umnous fluxes
separ at edlfixdB.t he lumnous flux L2 which is the PS polarization m xed

| um nous fI_ux are converted into the S-polarized |unminous fluxes, and the
S-pol ari zed | WH Bhowxl iwm)i}. PAL Sflndd¥Call UF G EENIL et 3RS us AL ©

diverging (refer to FIG 6).
: in the luminous flux L1 which 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




The P-pol arized |um nous fluxes having passed through the polarization

converting device 24 are converted into substantially t%?j? (%te;;zﬁoé um nous
fluxes by the condenser lens 25 to enter into the PS separ ation synt hesi s

device 16. Next, referring to FIGs. 7A through 8C, functions of the PS
separation/synthesis device 16, the polarization rotating device 17 25

Cct 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 lum3lous flux L1, and FIG 7B shows the
pol ari zation direction of the |lumnous flux L2. As shown in FIG 7A,

al most al flugs i hiw%%ll by the pelarizing adate nl& e thenilmouinousuflux Lihi ch
enter into the PS separation/synthesis device 16 are the P-polarized

| uni nous hpvkeg passad thymigh ithed polarinoug plateeks iis the Pyulasizedf | ux LI
pass through the separation/synthesis surface 16A with hardly any |oss,
and t he Phpoimsug hix. unimobhef vwixaks, te: twintiheds ffhomitihenited from
separation/synthesis device 16 to enter the polarization rotating device

17. A fewh® fiebtilightdsduse NOLBetdeaStH Pt HSlariFBd AN iAW flusd £&5Iher | ng
into the PS separation/synthesis device 16 are reflected on the

separ at i oghsdtheska &Hﬁﬁ&?&;ﬁlﬁé}ﬂ:'} Feflidwrd i on orthogonal to the incident
direction (that is, a direction ortﬁogonal to the optical axis 10) to be
renoyed. I'n ”@npﬂ&@rdtﬁ@i'i]%haptaﬁt EHQW%GYLCFI(%?"Tﬁ,h%lmost all of the
small luminous fluxes in the luminous flux L2 which enter into the
PS separation/synthesis device 16 are the S-pol.arized 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




pol ari zation direction of oniy the red conponent |ight corresponding to a

waveband ranging from 620 nmto 700 nmis selectively ro
degrees. Therefore, the lumnous flux LI emtted fromt htezgt(gcg?béeglzg(%?i on

rotating device 17 is a PS polarization mxed |um nous flux including the
S-pol arized lum nous flux which is the red conponent |ight and the

P-pol arized | um nous flux which is a color conponent |ight except for red.
However, the S-polarized |umnous - --------- - - - ---- 25 Cctober
2006 31 flux is blocked by the polarigzing plate 18, so the |um nous flux .
Li  having passed through the polarizing plate 18 is the P-polarized

| um nous $dcend lightshurcendddssconies theifhpukfited lumiaoustftdx fopmedt he fir st
| i ght source 11 becones the P-polarized |um nous flux from which the red

conponentofl tlghted somponead.light.t he ot her hand, as shown in FIG 7B, al nost
all of the small lum nous fluxes in the lum nous flux L2 which enter into

the PS separdii ohé eywisBisi speestiGRs Lhodfih Gq(%.pehaﬁﬂréggh' 800 RRYS

" fluxes. The S-polarized |umnous fluxes in the | um nous ux L2 are

refl ect eqlmzéﬂﬁdlsﬁﬂéfﬁdi@ﬂe%y%%féﬁ%l?ﬁgélﬁfl?lelgréafi@af‘ adii ?ﬁg%c%qfsgl to the

orthogonal to the incident direction direction p
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- ~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 shape in which the wavelength spectrum in the red waveband

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




16 pass through the separation/synthesis surface 16A to be renoved. In the
pol ari zation rotating device 17, the polarization di recth gg) gcfberﬁ(ltfb% red
conponent light corresponding to a waveband rangi ng from 7 0 700 nm
is rotated by 90 degrees. Therefore, alnost all of the small | um nous.
fluxes in the fumnous flux L2 which are emtted fromthe polarization
rotating device 17 becone the P-polarized |umnous fluxes, and the

P-pol ari zed | um nous fluxes pass through the polarizing pI ate 18 di sposed
next to the polarization rotating dew3ce 17. In other words, the | um nous
flux L2 emtted fromthe 25 Cctober 2006 32 second |ight source 21 becones
t he P-polwavebandul nouB1G| $B.f ohmedhevfwohds,r gk codpmmeponénighightl n t he
eni ssion spectrunms shown in FIGs. 8A through 8C, the horizontal axis

i ndi cat eswhaetelisniptsuffivdenhdanvehd ilaaliradss flundilchtfesm thghfiraniighitng
intensity. FIG 8A shows a wavel ength spectrumof the |um nous flux LI
fromthe douree Nighd wplaesad MithFitGe BBrSAOWS ﬂumlv@ﬁﬁt BugRefeiitum of the
| um nous flux L2 fromthe second |ight source 21, and FIG 8C shows a

wavel engtihtSASRY' fion? fthehsedohnieHght %@9&821 lsuXad kb AHCAI&QI gu;t he

l uminous flux LI and the [um nols fl ux after passing throu
pol ari zi ] f ve and W
corresporrli g@i{lg& ﬂ?lg#c@ algbg% coldr EO"".{)Uher{irg'ﬁchg‘]snP ﬁo%%ﬁ F%i(g% in the

wavel engt of t he Ium nous flux LI fromthe first Ilght, source
11, the |arrh‘§%e§%“t%

As descnbed 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,




intensity of the red waveband Wis relatively low, so the red conponent

light is insufficient. On the other hand, the wavel ength t f the
| um nous flux L2 fromthe second |ight source 21 is thez?g%?%gﬁg@n(gnt

light having a light-emitting peak in the red waveband Was shown in FIG"

8B. Further, as shown in FIG 8C, the wavel ength spectrum of the m xed

| um nous flux (Li+L2) including the lumnous flux Li and the | um nous fl ux
L2 after passing through the polarizing plate 18 has a wavel ength spectrum
with a shape in which the wavel ength Sgectrumin the red waveband Win

FIG 8Ais replaced with the wavel ength spectrumin the red - --- ----- --
D0 e veplanamenbosithsa wesinshavavebaid Gamme laccoratkelywends, the

red conmponent light which is insufficient in the lumnous flux LI fromthe
first |igasilsoardedutis replaced with the luminous flux L2 with
sufficient intensity fromthe second |ight source 21 so as to keep an

excel I ent i ntMosedyerhakande awdngy£eéloind ORPaeNthdved SudficRAlpd) . G
(green) and B (blue). As described above, in the illumnation optical

system a%@r&ﬂﬁ pbakllisth Wdteirad et Bn IMA RIS r@ﬁﬁ@fﬁgn%/rbgeiﬂﬁs _
e corresponding to

enbodi nent, t wavel ength spectrumin the red waveband _ _
e e RIEnEholk 90 4yl gk | bonons < o MR SR T T
waveband Wi L6 $HCENHabbBRhaSPYREHE L N 55D Gnt Sduses 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




LED, so a superior intensity bal ance anong the col or conponent |ights of R

(red), G (green) and B (blue) can be obtained without r i

conmponent |ights of G (green) and B (blue), and superi o?gg%ltoo%r%r%%deri ng
properties can be exhibited. Mre specifically, after the | um nous flux LI
and the lumnous flux L2 are mxed in the PS separation/synthesis device
16, the polarization direction of a specific waveband in the |um nous fl ux
LI and the polarization direction of the specific waveband in the

| um nous flux L2 are rotated by the sage polarization rotating device 17,
so the waveband renoved fromthe |umnous flux LI and the.waveband of the
| umi nous Tumindies viluk whimtaté® bprdoedegvenseband iiphtephatiesl gidveect |y
coincide with each other. Therefore, 25 October 2006 34 the repl acenent

~with a deqavebandvephaases Ceirdigglacwhdhe! Yoldton Camhd YoRBY T4 Qi &My
Mor eover, as the red waveband Wcan have a sufficiently”™ strong peak, an

adverse eidlagized MRIFAUS! ARNAG! 1118 DEARCIJIARIZatN.E NfoRERY Q-2 vel | ow

“light conponent or an orange |ight conpone I n a waveband rangi ng around
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present i‘nvention is describe ! _ _
e ek "Bl PR B uABHE GRPRRC T B MERSBAOIRs 13 e
23 and p%oﬁ&fz%é%ﬂate 18. However, conversely, as shown in FIGS. 9A and
9B, a 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




converting devices 14 and 24 are disposed in order fromthe first and the
second |ight sources 11 and 21, respectively, but the order

specifically limted. They nay be disposed in reverse orggfkh%Fpgﬁg
fly-eye lens portions 13 and 23 may be renoved. Mreover, in the
enbodinment, the liquid crystal panels 40R, 40G and 40B are used as the
spatial nodul ati on devices, but the inventionis not limted to this. A
device in which a pixel is nade of a mnute mrror such as DVMD (digita

m cromrror device) may be used. FurgBer, in the enbodi nent, the
polarization rotating device 17 i-s a polarization rotating device having
such wavesezogih lighteaiurie y 20hathétubypokhei zeplamniénechi ophef real y | i ght
in the above- described specific waveband (red waveband W in the incident

25 COct obeaoﬁp@@eneal¢1nm1@mrfdduzsutSbu@tai@%bxn%ndﬁ%%@qamm lkhght in
the other waveband passes through w thout rotation, and a linearly

pol ari zedtHisNhAdUghd ké‘%ﬂdc'&nié}& & éﬁ* obeﬁle rdod & 58@ %feﬁ%tliﬁku

pol arization directio in alinearly po arize m nous mb?ted from
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18. However, conversely, own 1n

|2t AR Y o8 P, 4 TR Zf’gbﬁtv%drﬁége??%béumaﬁﬁc?red
CI de nous flux passes through w thout rotation

h
\Qﬁ\ée? ﬁgdﬁﬁyﬁalrlggépsgh ta,qsggt g%gﬂéfsecond light source 21. In this case, a

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 arcund 580 nm in

addition to the red waveband, and the above red waveband in the

luminous 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




only light in the other waveband in the incident lumnous flux is rotated

by 90 degrees, and only a linearly polarized | um nous fl second
pol ari zation .direction (S-polarization direction) in theE§F¥ﬁggP?ﬁm

pol arized lum nous flux emtted fromthe polarization rotating device 170
may pass through a polarizing plate 180. Thereby, not only the linearly °
polarized lumnnous flux in the first polarization direction
(P-polarization direction) but also the linearly polarized |um nous fl ux
in the second polarization direction (3% polarization direction) as an

out put of the polarizing plate 180 can be used as illumnation |ight.

Furt her, wavehandnbodhesmmindes fivecifdm theyfibeh dight sderdeedritivaieband W
and the super high pressure nercury lanp having an insufficient red

conponentlumidus Slugefroas tHe doicoad lighhtt s6@E¥esd lshe dnght e tRE LED
i ncl uding nmany red conponents is used as the 25 Cctober 2006 36 second

l'ight souwsseifid, whbeh8hd Hith PPARCE tm%n(éjftsoh?dcﬁecmqggﬂlﬁq fihght 1s

carried out, but the invention is no [imte e repl acenent

of any Otﬂﬁfn ¢8kOfir T%‘Hl ){deg%nni?é' 2 1 WWl?ﬂ i 1uﬁ8rgﬁ ﬁfggl e, when a

| anp having an 1 nsu ue conpon |gh I'sSuse First
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the Seconr?ecessary, and superior color rendering 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




l'ight source 21 may be any other kind of light source. Further, the

pol ari zation converting devices 14 and 24 may be sinple zggc?ggeg?(gdgon
filters. Mreover, the above-described specific waveband may inclTude a
part or all of the peak waveband of the yellow Iight conponent or the
orange |ight conponent in a waveband around 580 nmin addition to the red
waveband, and the above red waveband in the |umnous flux LI may be

replaced with the lumnous flux L2, and light in a part or all of the
waveband of the yellow conponent |ightgg or the orange conponent |ight may
be renmoved. As described above, the illum nation optical systemor the

i mage di spblariapfianatdiseciionr db nghé Osédvmd NYSTAEAti6R MHide2eion, NGndl 1 1 St
| i ght source, the second light source having a different em ssion spectrum

fromthe esfatih@nhsnastariiitdbn difedidSbe khshhﬁg@%gg%%&f 5 | acement

optical systemreplacing I.i ght : p a speci fISC 25 cLober . nowgv](calbﬁ)r(ld
i rom'the Second T+ gnt*SEu €etoSo Bl "MVaRe e Fre BBIRG W
‘o repl acel R YajsRet e (BTHES ‘Fegt WOLamkRBom direqtitni ahdr tBih « he
second | oo AHE R TEERb R dhae e By Ane e Pl B0
properties gan be exhibited. reover, in-the illumnation optical system
accor di ng™t ghef wst polarization direction in the luminous flux emitted from
the polarization rotating device pass through, 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 lumnous flux fromthe second |ight source has an intensity
peak in the specific waveband, so whil e naintaining high§§cmhlkrg&ﬂgnce,
superior color rendering properties can be exhibited. In"The ﬂ um nati on
optical systemaccording to the invention, the replacenent optical system
i ncludes the first polarization converting device converting the | um nous
flux fromthe first light source into the first linearly polarized

| um nous flux polarized in the first polarization direction, the second
pol ari zati on converting device convergg ng the |um nous flux fromthe
second light source into the second linearly polarized flux polarized in
t he secondnifpohari zati on direction orthogonal to the first polarization
direction, the light synthesis device synthesizing the first linearly

pol arized | unfnidlifufihes, R0tk AIRAEAMEIbANGRILY BPsRinh ZRor M PGS ] ux,

the polarization rotating device selectively rotating the po | Zation

directio i bhalhel ; Ll v | m;nous, f.l ux
£ T SR RS BRCERLABMBLEE G R SO S, o
Cct ober I 4.0 ecti.on to,the secon ol ari zati,on
directi oﬁs,(&gﬁg ﬁfgg? as?)idr{égtlﬁeé]p%%l{atr %znéﬁl&g dodacox nrest I?"t“iﬁee}' FﬁﬂWﬁBﬁs f1ux
itted f . d i zati ti deyi f th d
pol ar | 2ttt BnghPSBPRECY dieHabpfPe: fh¢hameaa pERb SRt cbt MoRER dnbiebhe
pol ari zi n% device allowing only the linearly polarized |umnous flux in
the first® b‘ﬁF‘arl?ana’Pigoﬁnd}f?%tf?li%ﬁM red reompanent dightusuehias edstipem t he

polari Zathi'oﬂ rotating device pass through, so the waveband
. 1gh 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




renoved fromthe |lum nous flux and the waveband of the lumnous flux with
whi ch the renoved waveband is replaced- perfectly coincid3 éijth gﬁgp ot her.
Therefore, a replacenent with a desired waveband can be ] 9@%?7

accurately carried out, and superior color rendering properties can be
exhibited without losing the light intensity fromthe first |ight source.
Moreover, in the illumination optical systemaccording to the invention,
the first uniform zation optical systemfor making the " light intensity
distribution ! uniformis included betyeen the first [|ight source and the
repl acenent optical system so the illumnance distribution in a projected

mge 11 ndeljcaobl Zhogshyalight MRohd Rp8cift) WA dBadd! W widk 1ihe.

illum nation optical system according to I'hven

uni form zZagicMbiaPihCahe SNGh r $ N tgg light jptensity digtribution
uni formis incﬂﬁ@éd be?meenﬁ?ﬁ%gg%ggﬁ%ogiﬁ ﬁtﬁ§8€ﬁﬁ%hgﬁﬁ“Fﬁ%‘Fﬁbl cenent
optical s SQ; i.l4{.ui enanc di stribugian in a projected i mage
finally o%?%[fa%g @éﬁm}pglelenia‘yelﬁ%‘ﬁ%e’}%" &’cti‘bé}‘hj?@@@t uyensityofem thei| |
further, [n the 4.1 um nation icgl systemaccaording to the invention,
the speci ??cém\kﬁ\;é%féﬁdg(?‘érctehe ?ﬁ%ew?&?%aﬁd,whm thadansecenn Ibegtkepdource is
a Iight-enttthﬂg dj ode or a . red _|laser showng the light intensity

di stri but Y&HqU Tefmcing %ﬂbﬁ%pagge where than giecessavy,ccndaupegioan

insufficient red _conponent |ight such as a super
- color rendering properties can be exhibited.




hi gh pressure nercury lanp or the like is used as the first light source,
a replacenment with the red conponent light in the'second dégq ﬁ ce can
be carried out. Specifically, the red waveband in the sec 1§ source
has a peak, so even. if a color conponent light other than R (red), G
(green) and B (blue) such as the yellow conponent light, the orange
conponent light or the like is included, superior color rendering
properties can be exhibited w thout adverse eff ect by such an unnecessary
conmponent light. A nethod of illum naygyng the spatial nodul ati on device
according to the invention conprises the steps of emtting a |umnous flux
fromthe first light source, emttChpgAIdMSum nous flux emtted fromthe
second. light source with a different em ssion spectrumfromthe eni ssion
spectrumof the first light source, replacing light in a specific waveband
in the lumnous flux fromthe first light source wwth the | um nous fl ux

fromthe secorld |Aghit1h§ﬂlllﬁ ﬁon cz?l“!gﬂét@ﬂnt ]bﬂghg s flux from jt he first

light source in a state ere e spectfic waveband is

replaced with t Jux fromthe second |light source to the
spatial modul £ i g E‘%E&Lt%o"é 2006 40 device. Thereby, light in the

speci fic waveband vm‘gglvxgg i nt ensi %he l.umi nous flux fromthe
first 1ight s8uf&EPR ﬁcb&v\ﬁgkﬁt elrﬁfﬁ NBULSHOBX SREFEURYf £ i ci ent
intensity fromthe second |ight source. Therefore, a white balance can be
kept - wi EFIB(AR SHUSSHP FR%quMn&ﬁfﬁgﬁcfbfﬁ?dﬁéhﬁ pawresdabary, and superior

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 _




color, rendering properties can be exhibited. ------------ - - - --------
25 Cctober 2006 41 CLAIMS 1. An illumnation optical % ﬂ% 9@&R§|S|ng
a first light source; a second |light source having a different em ssion
spectrum from an em ssion spectrumof the first [ight source; and a

repl acenent optical systemreplacing light in a specific waveband in a

| um nous flux fromthe first light source with a lumnous flux fromthe
second |light source. 2. An illumnation optical system according to claim
1, wherein the intensity of the lighiggin the specific waveband in the

| um nous flux fromthe second |ight source is larger than the intensity of

the |ightflig inbilamefionh cheafiebalidlitnsdii@el amanfivg findarlyf P@M&ﬁih.@dfi rst
light source. 3. An illum nation optical systemaccording to claim]1,

wher ei n tl'&%liﬂdiﬁs”%fbb'}hrfliéﬂn frbeasﬁ?cgf‘dpé)]agf'ztaﬁ&&"&ﬁeg ®n2hnd "hensity
peak in the specific waveband 4 An Il um nation optlca system accor di ng

to clai mlﬁgun‘ﬁ*ﬁ%r ik GREidert! 7 " Ehe tfédo‘iﬂ 1R ERAC! ‘éd%S é‘oﬁgggg

synt hesi s device synthesizing a ing a Tuni nous 28508 o
linearly polarized 1um1n0us 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

.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




42 flux incident fromthe first tight source as a first linearly polarized

| um nous flux polarized in a first polarization directi o? gﬁg a Z%déém nous

flux incident fromthe second |ight source as a second ? e 0rbl §/ |l ari zed

| um nous flux polarized in a second polarization 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

direction and selectively rotating onlgg Iight polarized in the second

pol ari zation direction in the specific waveband.in the |um nous fl ux

em tted fpolarifetibhohbasy i eeé Firstayhésrly Hd1Agizedr Rim o AR

direction, and a polarizing device allowing only a linearly polarized

l'um nous ¢Hd Uarhihodd §lvs 'Sei@Oh e féal 1R b&EY! th't Ned e "ég' @ﬁgs flux
throug(h. . AR

emtted fromthe polarization rotating device pas

i1l um nat} tyi ; ' | ai . iR th I t
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random y lLakjzed lum nous flux emtted fromthe first |light source as
the fi rstgﬂa%é%aztﬁgn aeaclt}%d flux polarized in the first polarization
direction, and the |ight synthesis device synthesizes and emts the

| um nous flux incident fromthe first Iight source through the first 25

"COct ober 2006

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




43 pol arization nmeans as the first linearly polarized | um nous flux and

the lum nous flux incident fromthe second |ight source 33 ?0} gg(fqond
linearly polarized | um nous flux polarized in the second 6%"1 et on
direction. 6. An illum nation optical systemaccording to claiml1, wherein
t he repl acenent optical systemincludes: a |light synthesis device
synthesizing and emtting a lumnous flux incident fromthe first |ight
source as a first linearly polarized |umnous flux polarized in the first
pol ari zation direction and a |um noug4flux incident fromthe second |ight
source as a second linearly polarized |um.nous flux polarized in a second
pol ari zatemittedi frent tloe pobaiishtivnzaitading deaidenshsictliromedel ectivel y
rotating only light polarized in the first polarization direction in a
waveband other than the specific waveband in the |um nous flux emtted
fromthe 1ight synthesis device to the second polarization direction and
selectively rogati sha J J | atizatd on
direction in ?mvggagghg%lﬁggr%%gﬂé ?Eéélzg%egé?ﬁ 2& V\c/ggg%d&?na? F% q’um’ nous
flux em tgad.dirom the light synthesis device to the first polarization
di rection, and1 a polarizing device allowng only a linearly polarized

om0 oot Je}1aBE58R BY:R Ayseim? fiGThP" ihBuded A MEhgys X 25

_ polarization means emitting a randomly 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 seéond

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




44 emtted fromthe polarization rotating device pass through. 7. An

i1 lum nation optical systemaccording to claim6®, Wnere'gﬁg h% r?ﬂ?acerrent
optical systemfurther includes a first polarization ne Amet g a
random y pol arized lumnous flux emtted fromthe first |light source as
the first linearly polarized flux polarized in the first polarization
direction, and the |ight synthesis device synthesizes and emts the

| um nous flux incident fromthe first |ight source through the first

pol ari zati on means as the first |ineagky polarized |um nous flux and the
.lum nous flux incident fromthe second |ight source as the second linearly
pol ari zedid the hosspblarizphibardirectibn, t he second pol arization direction. 8.
An illumnation optical systemaccording to claim1, wherein the

repl acenent opii tightsysitieisis! ddosie asyhtlfdsiPiRiar tRat if%tpqm@gﬂ%.ng devi ce
converting a lumnous flux fromthe first . light source into a tirst

linearly jylhide@CHim |indwd eHsx fahwm@'s%ﬂcbﬁa%g@aﬂ T h6BhiR %iﬂﬁb}l@”.
direction, a second polarization converting devi gePConvert | ng a l'um nous
fl ux fror?ﬁl;ge second |light source into a second linearly polarized

| um nous Ux polarized in a second pol arizati-on direction orthogonal 25

Cot obgr 2006 a45polarization- rotating device selectively rotating the

- 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




to the first polarization direction, a light synthesis device synthesizing
the first linearly pol.arized |um nous flux and the Seco@@(%&ﬁ%@ﬁb b

pol ari zed lum nous flux, a polarization rotating device Selectively
rotating the polarization direction of only light in the specific waveband
inthe lumnous flux emtted fromthe first polarization converting device
fromthe first polarization direction to the second polarization

direction, and rotating the polarization direction of the |um nous flux
enitted fromthe second polarization agnverting device fromthe second.
pol ari zation direction to the first polarization direction, and a

pol ari zi ng teviizet polanizagioandireatibnipear|ly pol ari zed lum nous flux in. the
first polarization direction in the lumnous flux emtted from.the

pol ari zati on rpt #dhty avilesiPadsvidy ogﬁmh&izmgi themMmaki qih@.m%rca'
e

system according to claim1, "wherein repl acenent optical system

i ncl udes:patidedt 1RALRG WS F1PLR rdel Ogy! 4 d i Lnous
fl ux fro% t ﬁe fei rst Iight sour(lzlcea)?ﬁ?o&gegﬂﬁﬁbﬁﬁggggﬁﬁ%ﬁglrllﬁlzﬂelg{&I um nous
flux pol gjiged in a first polarization direction, a second polarization

converting devi ce converting a lumnous flux fromthe second Iight source
B R A g S R R RN
‘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




to the first polarization direction, a light synthesis device synthesizing
the first linearly polarized Iumnous flux and the SECOQQ(#&&%%EQ{

pol ari zed lum nous flux, a polarization rotating device“seléctivVv @
rotating the polarization direction of only light in a waveband ot her than
the specific waveband in the lum nous flux emtted fromthe first

pol ari zati on converting device fromthe first polarization direction to

t he second polarization direction, and rotating thé polarization direction
of the lumnous flux emtted fromtheggecond polarization converting
device fromthe second polarization direction to the first polarization

di rection, ancle fiobuniforenidationcopdit@VsPgieanicudeisnear |y pol arized
| umi nous flux in the second polarization direction in the |um nous fl ux

em tted from theipe! Riszakin ihMudihBIa dSMi58ith S 1Y Qh@ﬂenég-twﬁﬁn.
ther conprising: a

i I'lum nation optical systemaccording to clainil, furthe pri
(1150, ISR AR SN, YA ELPK TR B LSS b e
wher o n S8E0t pFauobt PR IGRy, e i dSL e ogeied o dofpam
| ncl udes;,eleme::lts 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




a first lens array including a plurality of lens el enents two- ,
di nensional ly aligned, and separating an incident |um noug dcltoxer%'%(?ﬁ 0o a
sto

plurality of small |um nous fluxes by the plurality of |éens “ele

enmit the plurality of small |umnous fluxes, then condensing the plurality
of small |lum nous fluxes, and a second lens array including a plurality of

| ens el enments two- dinensionally aligned corresponding to the plurality of
small . lum nous fluxes fromthe first lens array, and emtting the small

| um nous fluxes incident fromthe | ensgggel enents of the first lens array
toward a direction where the small |um nous fluxes are superinposed on one

- anot her. o Anpilutalitynaifi omadbiluesinouss RkeaCEPT s @luPalityidh fons furt her
conprising: a second uniform zation optical systemfor making a Iight

i ntensi tyeliméatdUo Wit fiy plRGLTIR notfhem%aponﬁniﬁ%gg AQYESE g the

repl acenent optical system 13. An illum nation optli systeémaccording to

claim 12, soNiet & ﬁﬁ%qgtg,p?;pmé)lgﬁ/aqg?hﬁlgng% iefidleS¥SI£EM | ncl udes= a

third lens array i'ncluding a“plura ( ns “el’erent s two- di mensional |y
2 plural ity ot oouftt Mad Aty e llain RS iy P  HCRERS W nents to
emt the pIHLAMIG 2Bhed WO ondine®Sto 1S 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,




condensing the plurality of the small |um nous fluxes, and a fourth |ens
array including a plurality of lens elenents two- dinensi | | | gned
28 RBanad

corresponding to the plurality of small | um nous fluxes ird

l ens array, and emtting the small [um nous fluxes incident fromthe |ens
el enents of the third lens array in a direction where the small | um nous
fluxes are superinposed on one another. 14. An illum nation optical system

according to claim1l1l, wherein a central axis of the lum nous flux fromthe
second |light source is orthogonal to4® central axis of the |um nous flux
fromthe first light source. 15. An illum nation optical system according

to claimil, vhespatial hmodpdatibnc dericebandnisaalu@thyay dbandemagiddt he
second light source is a light-emtting diode or a red | aser having a peak

in the rgdmestebaiilumifatibn opelal dsgdledy AP ahiifatoAMHGHE Ngnd an
I 1lum nation optical system 25 Cctober 2006 49 a spatial nodulation

device uSidiyfug WHNRIECH bW bpaBlA LAl QB 1P ol HNTUBRHAN ORGSR SYStem
as illumnation light, and <¢Carrying out selective spatial nodulation on a
pi xel dmaz?%f)itﬁ:athlﬂa?éé” an optical inmage,

wherein the illumination optical system comprises:

a firstllight 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




wherein the illum nation optical systemconprises: " a flrst | i ght source,
second |ight source having a different em ssion spectru qk z@ﬁyelength
spectrumof the first light source, and a replacenent op |ca sy§

replacing light in a specific waveband in a lumnous flux fromthe first
light source with a lumnous flux fromthe second |ight source. 17. An

i mge di spl ay apparatus according to claim 16, further conprising: a
projection lens projecting light emtted fromthe spatial nodulation
device on a screen. 18. An image displsay apparatus according to claim 16,
wherein the spatial nodulation device is a liquid crystal display device.
19. A neunuupbﬁﬂngwhﬁuﬁapsmd a spatial nodul ation device, the spatial
modul ati on device carrying out selective spatial nodulation on a pixel dot
basi s to formanitphg ealumimges flardrbhe ankiodeRb séBi@Per 2006 50
conprising the steps of. emtting a | um nous f?ux froma first |ight

G 1 orent. e Seron hoct Tim Tr o bn oo AT LPHL SHYEFRIARE 71 gn
source; rdpedehB%ihi¥ién dpeBt AR 0T MPUGRRBb IpbiGull BALS st
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.




fromthe first light source with the lum nous flux emtted fromthe second
| i ght source; and guiding the lumnous flux fromthe fir i, ght rce in
a state where the light in the specific waveband is replagcdecé(g‘{/ﬁrgﬁ%]he

| um nous flux fromthe second |ight source to the spatial nodul ation
device. 25 Cctober 2006 51 ABSTRACT Provided are an illum nation optical
system havi ng superior color rendering properties while ensuring

sufficient illum nance, an inage display apparatus conprising the
illum nation optical system and a spatial nodul ati on device illum nated by
the illumnation optical system and a nethod of illum nating the spati al

modul ation device. A first |ightABSTIRACTL1), -a second light source (21)
having a different em ssion spectrumfroman em ssion spectrum of the
first 1light source (11), and a replacenent optical systemreplacing |ight
in a specific waveband in a lumnous flux (LI) fromthe first |ight
source (11) wiProvideAnhp® U fillwmidetiord rdiiﬁéeﬂ%?@lfé%gmé{rﬂ%t sAPUFIGE (21)
wth we i gh

are conprised, and the light in the specific waveban t

- intensityedlBr tBRdLHHS P¥opbitids QNLH'IX? fe\rlx\}%tﬁ}]rhgg szffiﬁfe { ﬁ%mﬁfw#?[& ?ﬂll) i's

replaced with the lumnous flux (L2 _ clen ensi romthe
sccond b\ Bila? AR Aot SRt DILATGE BB Renl BBt 0
_pr_opert'i Cand 3l sti)eat%(f]ingio}heﬁiation device illuminated by the illumination
-optical system, and a method of illuminating the spatial modulation
device. A first light source (11), a second light source (21) having a
different emission spectrum from an emission spectrum of the first
light source (11), and a replacement optical system replacing light in
-a specific waveband in a luminous flux (L1) from the first light
source (11) with a luminous flux (L2) from the second light source
(21) are comprised, and the light in the specific waveband with weak
light intensity in the luminous flux (L1) from the first light source
(11) is replaced with the luminous flux (L2} with sufficient intensity
from the second light source (21). Thereby, a white balance can be
-kept without reducing the illuminance more than necessary, and

superior color rendering properties can be exhibited.




