;e3eTj 3T, , - $0F1263Tj 30 | LLUM NATI ON OPTI CAL SYSTEM | MAGE DI SPLAY
APPARATUS AND METHOD OF | LLUM NATI NG SPATI AL MODULATI ON DEVI CE TECHNI CAL
FI ELD The present invention relates to an illum nation o for
illumnating an object in a balanced manner) an inmage d| WW
conprising such an illumnation optical systemand a spatial .9

device illumnated by the illum nation optical system and a rret hod of
illum nating such a spatial nodul ation,devi ce. BACKGRCIJND

years, for exanple, a projection type ﬂl qU| d crystal displ mw @
using a spatial nodul ation deV| m gry a liquid crys s an
optical switching device, and magnitying and projecting an i nd#§¥%%n t he

liquid crystal panel on a screen by a projection optical systemsuch as a
liquid crystal projector or the |like has been vvidely used. As the liquid

one |+ qui EEINTSRR ﬁ?&ﬁb@iﬂ?@g ! -Eﬁﬁéﬁ?%ﬁ“@%ﬁé"%'?{' (red)

and G (gre :f? and_a three panel stem co t hree nonochrone |iquid
2 cryst al Ap: nAeRéTf[b‘ﬁ opiNI2al M Ef @T(’blnﬁel}‘ AJINGndS8ATYAden) are
cited. As a |light source of an |IIum nation optical systemin such a

proj ect i oMQDALLATION REYICH di spl ay apparatus, a netal halide |anp, a
super high pressure nmercury lanp or the |ike whi ch has a conti nuous
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
TECHNICAL FIELD
The present invention relates to an illumination optical
system for illuminating an object in a balanced manner, 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.

BACKGROUND ART

In recent years, for example, 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 crystal projector or the
like has 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),

and a three-panel system comprising three monochrome liquid



pressure nercury lanp. As shown in FIG 10, the em ssion spectrum of the
super high pressure nercury |anp contains a few energy peaks. In the

em ssion spectrum |ight having an energy peak PB in a wavel ength range of
400 nmto 480 nmis used as blue light, and |light having an energy peak PG
in a wavel ength range of 490 nmto 550 nmis used as green light. Further,
light in a wavel ength range of 620 nmto 700 nmis used as red |ight.
However, as shown in FIG 10, in such g super hi gh pressure nmercury | anp,
conpared to blue light and green lightY the relative intensity of red |ight

is considerably insufficient.,Due to., {nsuffi,ci anc a red |ight
corrponent?rytsgﬁympfegs godrl ﬁﬂﬁgabpaihﬁroéjlggpla‘be%i’ r&é’ée(f)i ?1%11&‘} Bresh)n ’E]egt ends
toward green_and bl ue, so favorable col or rendering properties cannot be
obt ai ned.c¥®@refore, the intensities of a green |ight component and a bl ue
| i ght conponent are unavoi dably reduced so as to adjust the white bal ance,
t hereby favor abbea dightr spunereof rap jHapeinatéen ontiek aysfem in suelwviever, in
such a nmethod) the whole illum nance declines, thereby resulting in the
occur r encerajecsioohtypepligbidrery stal display iagpamretas,od metalphalidetlathp.mage
cannot be sufficiently obtained. Further, the em ssion spectrumin FIG 10
contai ns @ yaepbpwhiglghpreomeneneérauryarlamipnge thehlikeowpucdnthdswva ng a

hi gher energy peak PY than the energy level of a red waveband in a

wavel engt foifaAaeusf e iSdi0d Pt im TheoREBsanCtheOtvdideigth Qrp@pHnent or
t he orange conponent causes a problemin the color rendering properties of

t he proj eg]?]sqg]hei)g?gg,is%éql réﬁy%]@&gi ng the original color of the projected

i mge whic be =ed to orange, or changing the original color of the

Phe) motal har RLETLAD MBUE A7, BEASRIGP YS! 6 Mg Npdbe: TREM DS
of the foregoing,

it is an object ,of the Inventy t.Q, pr.evi de_an.
i |1 uni nat PEPS3PE AP st rellﬁnﬂgvi né’*%f&é‘}"}’{}r 1EOIFEOI(rzi]'r elg)dert?’ﬁg OPG5EIT i es
whil e ensuring suffjcient illum.mnance, an inage display apparatu
conpri si nEPeIEHTRPS e FRaE BIEHMIASANTE JRP B (AP BB FRRS B | on
device illumnated by the illum nation optical system .and a nethod of
i | | umi nat eRGrEUAELaksspaln dhensaisaian Frestiws, ghiiaying ep eRErgXIVENTI ON

An illum nation optical system accordi 21% to the invention conprises: a
first |igheakdBda a waveleagthgtangroof d&0hawi g 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 and 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.



4 different em ssion spectrumfroman em ssion spectrumof the first |ight
source and a replacenent optical systemreplacing light in a specific
waveband in a lumnous flux fromthe first |ight source with a | um nous
flux fromthe second light source. In this case, the lum nous flux fromthe
second |ight source preferably has an intensity peak in the above specific
waveband, and when the specific waveband is a red waveband, a
light-emtting diode or a red | aser haying a peak in the red waveband is
preferably used as the second |ight sotrce. Moreover, the replacenent
optical system preferably include | ght .,sy0t hesi i C n i zi ng
and e t - ERyEVeRL B FoRd F1 bRy T b oS T RNRRRLY ERHheS, PR,
first linearly, polarized | um nous flu ol ari.zed | n first.polarization
directi onr%sr’r’c}¥’é{)5 &ﬁ‘dt:}?ﬁu%cqqrﬁﬁnf’?l&fo%ﬁh RFARLAE §b%ﬁhell?rdﬁp%§‘6§ﬁ €t as a
second linearly, polarized |lum nous flux, polarized in a second pol ari zation
di r ect i ontheypgeiested Amage ¢annet he ssdicientdgobéainad.y rotating only Iight
polarized in the first polarization direction in the specific waveband in
the | umi nous fFuxtleen,tthed eirisgiathepechtitmsimtfiési 3 0deantaans o tyiedloyecond

pol ari zation direction and selectively rotating only light polarized in the
second polighitzatmpongnteori an ionmahge &igdhti tompemestiahdiviingt he Highenous fl ux
emtted fromthe light synthesis device to the first polarization

di recti onenaigy apguit aPYzithgndehecenakrgpwWeveloof ya ardd neavélyapd! aiiged

| um nous flux in the first polarization direction in the |um nous fl ux

em tted f{oR88eth TaRPedbl ZA0UNA BBRLMNY 8 §ReBERSe I tHlyellepver sel y,
t he above-descrl%ed repl acenent optical system iy include a polarization

rotating deniasont! GO thYChi Al Akt chhBbY oPOBEIE A nbNEIDE T St

pol ari zatron-direction in a er than the specific waveband in
the lum ngus,fl.ux emtted fram,the |ight ;syn Si eyicg to.the cond

pol ari zat f%rﬁd%ﬁlpgcw%elgcﬁ%ls & It&et ip\fg?%qﬁgt ’Z{P%?g’ 8§F5 %‘%’g anp%%‘gr Fggd in the
second pol ari.zaji on di tion.i waveband. ot her n the specific
waveband Pheinal catmat E6¢ iroiestel BRAES Rict SRyl B8, bh 48R aRES e 1o
the first polarization direction, and. a polarizing device. allowng only a
linearly PBE AZERE (th FTAEIE] GOF AT ThE 1ROIBFHE dRas FRICHSRARECE® on 1 n
the lum nous flux emtted fromthe polarization rotating device pass

t hrough. greemdoiyellowrgneean oln itbal caseswharacdur ameiglilalide lameasi on,
light in the specific waveband in the lumnous flux fromthe first |ight
sour ce i suseg@) tlvegrobldm tdeeursimn reolikef mmanrferom t he second |ight source
having a different em ssion spectrumfromthe em ssion spectrum of the
first Iight solnceiety dfhehe eforagerm)titopd iamalobyst e thiehénebytion gt in t he
speci fic waveband with weak light intensity in the lumnous flux fromthe
first |igprodiddl CencalliiRingRbACPHtI¢dIn dhreimhaqisg f Iswpetidh &lbti ci ent
intensity fromthe second |ight source. An inmage display apparatus

accor di ngréﬂ?éﬂ%g’ ﬁi’c?;géféféh GRS éﬁ@ﬁfix%"sﬁfﬂdi@hﬂﬁﬂh%x&%de?%'n BHAEEM a

spatial nodul ation evice using a lumnous flux emtted from

L umi nat | ti p At an , -
sel oot | ve (EIbIRY, EBasRHIY REREEHSIAL AR (ol illhBha Bl GRICH BSOS o
wh in the illum nat,i tical t i : fii |.i ght,. ,
second |1 R EodPabilastaiiz it (B ake DIREBEREE ful iR idSel engt n
t f the first Iight d a. I t i cal i
- opl aci ngoPHGR PHOEEBpetRl & vEEheAd G HBIFGEE (4R 14 RPERET I I st
light source with a |umnous flux fromthe second |ight source.
modulation device.

DISCLOSURE OF THE INVENTION
An illumination optical system according to the invention

comprises: a first light source; a second light source having a



In the image di splay apparatus according to the invention, in the

illum nation optical system light in the specific waveband in the | um nous
flux fromthe first light source is replaced with the | um nous flux from
the second light source having a different em ssion spectrumfrom an

em ssion spectrumof the first Iight source by the replacenent optical
system Thereby, light in the specific waveband with weak light intensity
in the lumnous flux fromthe first |light source can be replaced with the

| um nous flux with sufficient intensity fromthe second light. In a nethod
of 1llum i.ng.a spat.i al nodul ation device.according to t i nyention, the
opati al niarrERorTasyPBesRB REL B0 RH) ERiPTRR. ShRah R e FER on

pi xel dot,.basis to forman optical inage, and %he nmet.hod c rises the
Steps of : LERE (39416e a A AnkRI aes ety BRtigal W ate; BRISCHR dERTR 14 ng a

| um nous flux froma second | ight source having g different em ssion

spect rum sRefigivanekanddn a lupuaougrilex frem the dirstilight seureeewiEpl aci ng
light in a specific waveband in the lum nous flux fromthe first |ight

sour ce wi &hluménéwsifhex sfromuxthenisecends ightt seureconbn | thyat casaur tlee and
guiding the lum nous flux fromthe first light source in a state where the
light in himispeci flux avebard | secoad dighlt wsdirdehep defietatdys Hdsuxad r om t he
second |light source to the spatial nodul ation device. In the nethod of

i I'lum natim@naigppeaRlinniliilibBbyempdeiic & aaband, ond viidie thewpericifie, after
light in the specific waveband in the lumnous flux fromthe first |ight
source i SyhQRbanddival Bed RPalehan@ua fight-dmoTindelisaeond al +adtlagerr ce
having a different em ssion spectrumfroman em ssion spectrumof the first
i ght sou : e F f ' I-CA, igfled to
the spati e itid Rei BB Lol ot OBRA A%, plcRbrab g hedd e SoB g Wi th
weak Iighg intensity in the lumnous flux fromthe first |ight source can
be repl ac i"Ch PHe | uminous flux with sufficient intensity fromthe

second | Tqht spprce, BRIER DOCRLETL O O THE BRANNGE FLG, A di3ade

schematic plan
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 ﬁhe first

polarization direction in the luminous flux emitted from the



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

2 is a sectional view of optical paths in a fly-eye lens portion and a

pol ari zat

di spl ay apparatus shown in FIG 1;

i on converting device of the projection type liquid crystal

8 FIG 3 is an enlarged secti onal

Vi ew

of a part of the polarization converting device shown in FIG 2; FIG 4 is

a schemat

I c perspective view of the optical paths in the fly-eye |l ens
portion and the pol arization converti ng devi ce of the projection type
liquid crystal display apparatus showmn®™in FIG 1; FIG 5 is a sectional

vi ew of optical hs .| her fly-gye |lens portion and anot her
( ﬁ(gfr?%g%%tsg}rltri%ﬁéﬂ&g‘?%‘él%&pat%eﬁ%rroé’jggxct ion type liquid crystal
di spl ay appar abus shonn’ Itli'leFla%ovl’ Fl G'beGdI S gn enl arged secti or}eélm vi ew of

pol ari zat

a part of

onverse e*descri replacement”optical sys

t he
may include a polarization rotating device selectively rotating only
light polarized in the first polarization direction in a waveband
other than 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 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 the invention,
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 the 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 replaced with
the luminous flux with sufficient intensity from the second light
source.

An image display apparatus according to the invention

comprises: an illumination optical system, a spatial modulation



pol ari zati on converting device shown in FIG 5; FIGS. 7A and 7B are
sectional views show ng polarization directions of incident |um nous fl uxes
in a PS separation/synthesis device shown in FIG 1; FIGS. 8A through 8C
are plots of the wavel ength spectrumof a |um nous flux passing through the
projection type liquid crystal display apparatus showmn in FIG 1; FIGS. 9A
and 9B are sectional views of another enbodi nent of a polarization rotating
device and a polarizing plate showmn in FIGS. 7A and 7B; and FIG 10 is a

pl ot of an em ssion spectrumin a typi@al super high pressure nmercury | anp.

BEST ODE, EGR, GARRRY) NG, OUT, THE 4 NVENTL O gL ers e R S he
system as illumination light, and carrying out selective spatial
modulation on a pixel dot basis to form an optical image, wherein
the illumination optical system comprises: a first light 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 luminous flux from the second
light source.

In the image display apparatus according to the invention, in
the illumination optical system, 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 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 replaced with the luminous flux
with sufficient intensity from the second light.

In a method of illuminating a spatial modulation device
according to the invention, the spatial 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



in nore detail below referring to the acconpanying drawi ngs. At first,
referring to FIG 1, the structure of a liquid crystal display apparatus as
an i mage di spl ay apparatus according to an enbodi nent of the invention wll
be described below. In the enbodiment, "front" nmeans a side closer to a

| i ght source when viewed from an object, and "back" means a side opposite
to the light source when viewed fromthe object. FIG 1 shows a schenmatic
view of the liquid crystal display appzratus according to the enbodi nent
when viewed fromdirectly above or sidé. The liquid crystal display

apparatus_is .a three-panel syst projection,type gol.ar .liquid crystal

dl spl ay appethets, of thec St Bedlt BpRres sEpIadiRe JRMn R 2aPseiiE ong
optical system 2. The.first.optical stem 1 includ a first. light source
o e secByePngi 18 ShechibinGin hop i the fh HERE mourt? SeirmLtd e A
central axis. 10 (hereinafter referred to .an optical axis 10) of a

| umi nous Fuminewsilwpemitied fxqrgh&h%éﬁﬁwia ilglbtn%plarc‘@emndagumrg e
(hereinafter referred to as an optical axis 20) of a lum nous flux fromthe
second | ibmigows flixfroam sheufisstahightiisbyuree ihoystate wbepadhedight inand t he
PS separation/synthesis device 16 is disposed in a position where the
optical atles specHie wavébemd Secteplatéd emcth ohbelumikieud flhvst fopni thé syst em
1 further includes a fly-eye lens portion 13, a polarization converting
devi ce l4saiphdlightdenses tbahs dfutihl alvdilatiisAesre. bet ween the first

|l ight source 11 and the PS separation/synthesis device 16 along the optical

axis 10 in ordph thelUnbtRsAt b illumindtifpt asggamllﬁmdmatfdﬂ devapé i cal
system 1l further includes a collimator lens 22, a fly-eye |ens portion 23,
a pol ari zatd . i k n C S 2NS Lgh:.are
di sposed %%?&E%ﬁg?%ﬁ*gégﬁﬁgﬁﬁﬁg 1a@@ﬁrggﬁﬁiﬂggggtﬁéfé@@égégfggrgnrgynthesis
devi ce 16 i opt j.C X} i,ny.0rde : ond J.ig source
21 The e uapbitis PhE Rhorft e o HRRE bk R0h dRPRERT SuithPbbec g
device 17, and a pol.arizing plate 18 i,ch are disposed in or al ong the
opt | cal bl IR, ThaR TR feeopd Jighe AiseRttnnag; o dhfeednly
Herein, the first optical system 1l coyresponds to adigeﬁifip exangle of "an
i |1 uni nat PBRSH9N SRECER IR MOM, 2, SNIRFER | SRECIHBAE Rler! eaﬁlrébthg t system
including the polarization converting devices 14 and 24, the PS

separ at i oBgeYee; Hbsi Bimnowse fhex frame thel frst bighdrsqucatisrgpidedi tethe and t he
pol arizing plate 18 corresponds to a specific exanple of "a replacenent
optical sypatal moduletionwbticen. Therebgy lighteirpohardipesifiorwavelvand i ng
device 14 corresponds to a specific exanple of "a first polarization
converti ngitieansakilighhénteweng i n thandvhheoyolfhnt feémothe dinserlighg devi ce
24 corresponds to a specific exanple of "a second pol ari zati on converting
means” i nsdiifed naANthONreghve BS witharthk danfivduleslex d@vtlesdffigient esponds
to a specific exanple of "a |light synthesis device" in the invention, and
the pol ar jzaliQR, HRImithRGABRACKgRY s6arEE&sPONds to a specific exanple of "a
pol ari zation rotati ng device" inthe invention, and the polarizing plate 18
corresponds to a 11 specific exanple of "a polarizing device" in the

i nvention.

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 crystal display apparatus shown in FIG. 1;



The first light source 11 includes a |um nous body, 11A and a concave
mrror 11B with rotational symmetry. As the | um nous body 11A, for exanple,
a super high pressure nmercury |anp having a continuous eni ssion spectrum

t hr oughout the wavel ength range of visible light is used. Alternatively)
for exanple, a netal halide | anp may be used. The concave mrror 11B
preferably has a shape with as high condensing efficiency as possible, so,
for exanple, a spheroidal mrror is prgferable. As the second |ight source
21, a light-emtting diode (LED) or a Ted |aser having a different em ssion

spectrum from e ssiqQn. s tr of filr ight_ s e a1 nd
hgvi ngua peak Eé’a ?pelg: fainc é’\gf?ggggd,setc%&%ail'sﬁéﬁr; V\?avgggﬁdoelvtl%%r
exanple, r i.ng.from 620,.nm to .700 ,n an re.preferably from625 nmto
645nﬁn)  nolidigrtipnon vestidr e yise sho %Pd?ffgegdgscribed at er). The

collimator |en 2 has a function of converting |.um nous flux emtting
fromthe secong‘léﬁ- ghis gosehamatic Rerspeating N 9fl the ophaedmaths Y parall el
to the optical axis 20. The fly-eye lens portion 13 includes a first |lens
array 131tkmdlyaesedend porhivmaandythespotiripalien convesting Hevirs ef thati on
converting device 14 which is a part of the replacenent optical system and
t he firstprojgbtionctypeelighid crystdrdibpbay abppafrates shogm irsdlfxcel;11, and
corresponds to a specific exanple of "a first uniform zation opti cal
systent in theFI@yentisan.sedtionkl wiewe of apticallgaties ihoandthdmelyvelgs a third
|l ens array 23.1 and a fourth lens array 232 di sposed between the

pol ari zat Jgiy Geuhtedn | REddMtBe4 poldKRatidna R tRRY tdéfick hefr €é acenent
optical system and the second IlgF?t source 21 in order fromthe second

| i ght sou i c t i ‘fay. sgcond

uni form zgﬁiggélg&l éel Hgﬁ‘?g%g‘%‘% ?ﬁgl%}ﬁgght%:rgﬁﬁg(%ﬁglﬁﬁ f/ﬁ ggg}'llgns portions
13 and 23 func{kpn as .integr fior_ di i 1 nouUS X 1tted
fromthe first F:[léght% slguragg '%P%%gdt hséa%lg{e({:%hﬁdqlgfe%{%go%r t@%ﬁfo%i form an
i n-plane il]um nance di Stij bution in |iqui (rr;ygt al panels 40R, 40G and 40B
(her e nar PRlATSABPAanvp - Fumtep Bipersharen BEYSL Ty sFal panel 40" as
necessary) whi w | be de ibed later. The fly-eye lens portion 13 wll
be descri bed iﬁﬁﬁr eJhae@a | e SPREIORGH aV1eM%s | HOEHIR RelaRtpadion ce 14
has a function of converting a [umnous flux fromthe first |ight source 11
into a fi ditectionsapf ynpideadi huminews dbyxes foxa BS perarpion/symihasms f1 ux)
polarized in a first polarization direction, and the pol arization

convert i ngevimei sheown inaBIG. fluncti on of converting a |umnous flux fromthe
second light source 21 into a second linearly polarized | um nous fl ux

(S-pol ari zed | BiGeoB3\ throgglp8iCantra @dotnofitlsesavklpakah ispattnmmdifr&ct i on
orthogonal to the first polarization direction. Herein, the P-polarized

| um nous fhminsBaNug pbhBsaid threughi zBE busjcdeeien fthgd liguili eFysta¥i bration
direction of an electric vector of light entered into a targeted sanple
plane is gpgliagedpdrauR! ARvRfini RGdence (a plane including a normal line
stood in a position where 13 a beamis entered) and an incident beam,
and the S pol apiead JATHAYS die¥edARL Fidw 468 dnothel UrhBEdith it Beus T ux
in which a vibration directron o n electric vector 1s 1n a plane

ort hogonal t.he .pl ane of. inejdence, ;Th al.ar I,0n nvesti devi ces
T2 and 2an el 38 Shine SRSt KBp PP Bl @ o BN I P Bishces 28
and 25 coegﬁans&ﬁ%;pl uﬁial ity of small lumnous fluxes emtted fromthe

pol ari zat i'Or®R r#*tg devices 14 and 24, respectively. The condenser

| enses 15 and 25 may he di sposed on an em ssion side of the PS

separ at i on/ synth8si 50 dé\a glot @f gReepEssippasRGtEHIS At Adinicyborper 16

synt hesi zes the first
high pressure mercury lamp.

BEST MODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of the present invention are described



i nearly polarized | um nous flux and the second linearly polarized | um nous
flux with a low loss, and includes two prisns bonded with a
separation/synthesis surface 16A where a pol arization separation/synthesis
filmis formed in between. The PS separation/synthesis device 16 perforns
functions of passing the first linearly polarized | um nous flux which is
the P-pol arized Ium nous flux therethrough with hardly any | oss, and
reflecting the second linearly polarizgd | um nous flux which is the

S-pol arized lum nous flux on the separation/synthesis surface 16A with

hardly any |oss. [ ] r.ot.ati vice. 17 s a polarization
rotati ngnlé’e@@% %%?%58@35 génljd' ﬂgstglt &‘i?‘gi"g@%ﬁ% Fi{)%gt"égs"t he

pol ari zati on di tion @f only, Ii | n,the .above-described . specifjc
waveband (red At %ﬁr%\fgg%ﬁﬂng\)tq :ﬁqg’% Lnﬂg%legtjft"ufsﬂmen@? ;ﬁq}%&dbg"y@éahegr ees,
and all OV\éns'% | ight in the other, waveband_pass through w thgut rotation.
Ther ef or e318PAaY RRPRATALUS ASeAR| iMBEE (AISPARY | PP MEAIIS RGRORIREr B 8% om t he
first light source 11 into the polarization rotating device 17, the

pol ari zat¢whodimesti of the oimventignt Wikl the dessribedsbelaved whvetdsnd i s
selectively rotated fromthe first polarization direction (Ppolarization
di r ect i onrdmbodimenseddrentiomeansta osiddi chseroto (Splaght | saticenwdiarect i on) .
On the other hand, in the second linearly polarized |um nous flux entered
fromthe sewsd ftighin dbjdae ahld I'hack't hreaind ardidatdpposity 8 ithe ldehi ce 17,
the polarization direction of only light in the above-described specific
waveband ésureel whkhwaewedofrdhedhbrghjeedre second pol ari zation direction
(S-polarization direction) to the first polarization direction

(P-pol arizati opigi reGhody a SEh&MAtidRe8w! BE t%oYl}?l'lgasgfigsqu (ﬁes%i c n

waveband is a red waveband (for exanple, ranging fromb®6 nmto

subst anti i 1.0 enl. fsi r hg.se d light
source 21%54)%1‘ e ég%:%{lganki %‘égﬁh%g?g?@fg@eﬁghﬁ]ﬂ%%?pﬁ %O#nr grlﬁ%tcﬁgpsecond
l'i ght sour%e 21 t(ge p ar'.zatéon di rle(g%i pns of all wavel ength conﬁonents
in the setond PFRadF1 y 158 HAMU Fryasal-GspTay apparaine it asBRtaPRrght sour ce
21 are rotated to the.P-polarization direction. As the polarization
rotating YEFERE PLPISRIOM EYRSC KO vg‘Iqé’Hét W%séﬂgcﬁlisph&amtﬁraé%ﬁnﬁfé

"Col or Sel ect" of ColorLink Inc. can be used. The polarizing plate 18 all ows
only a |ig%fBprigesq birptentical syptemnbaads a secpad optiead systeme2f i r st

pol arization direction (Ppolarization direction) in linearly polarized

| um nous f | uxeShenfirste@pticah sytsdepollainelatdesnar first lightdesuree 11, pass

t hrough. The description about this will be given later. The second opti cal
system 2 sevohnddEghdi schrree c2 riardras PE6 ke parh 13667 syinthesaddenicer #6r al ong t he
optical axis 10 at the back of the polarizing plate 18 with a predeterm ned

space, a d¢aftrattdme 10 r(hereiivafteh $0668edoto tdie afPbpEirh] axstis BY) bea back of
the dichroic mrror 36G a reflective mrror 37B di sposed on an axi s

passi ng thiRigdud TRLEFROA tRE ARG ighiesdhN® MM 4RA 2 /AP B&if%Po
orthogonal to the optical axis 10) and a reflective mrror 37C di sposed on
an axis b oMgh epter.. of & hr [T ei ng
ort hogona toﬁtg#etggptl cgﬂt&?mti%sgﬁoén eﬁgiﬁc%!rxg?c%rr)icro?]oé sl(aé%%l%a%nsg have a
function gf rati ite lugnous fhux emtied firomthe pol arizing
plate 18 ﬁﬁ o%ggl%rc Oggrr%%}r%gﬁf) uF?%h lsalé? S Ef%‘aﬁ]ai doﬁh(oéroél@r]l)emvﬁ'ﬁc are

f undanent al, col or, disp s, and .reflecting the . .col .copponent, lights in a
i r oot orb BN Uhater B RepAREHABIRS TARS0 [T IoqHES (67 HRRASEE 1 i or 37A
reflects a hl ue conponent light) which ig a remaini ng, col or. conponent after
separ at | RPHFOR Woergddeprridtalarendfmnd Y BHezsens WHilbeaeh ofBesi chroi ¢
mrrors 36R and 36G in a direction orthogonal to the incident direction,
and the refl ecTheefivst reptieaB sustemerl r Bftbersindludesuae dhmppachend i ght
reflected on the reflective mrror 37A in a direction orthogonal to the

i nci dent 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



16 direction. The reflective mrror 37C reflects the red conponent |ight
separated by and reflected on the dichroic mrror 36R in a direction
orthogonal to the incident direction. The second optical system 2 further
i ncl udes condenser | enses 38R, 38G and 38B disposed in a direction where
each light reflected on the reflective mrrors 37A, 37B and 37C travel s,
. respectively, and liquid crystal panels 40R, 40G and 40B di sposed on

em ssion sides of the condenser Ienseg 38R, 38G and 38B, respectively. The
condenser | enses 38R, 38G and 38B con gnse conmponent lights of red, green
and bl ue rat.e [ iG m r 3 n | ari zati on
filter (n%t‘aﬁgﬁg\t?m rP%rli%gtn\ggﬁ?{s%g 'heﬂ%cﬁégﬁgpﬁlﬂz 1t gﬁttein g’o?él?@é‘?rf ect
| i near pol akizatiaon | s,.dispaosed _on ch of,the emj ssion sides Qf the
condenserml%llﬁég% éap?,‘%é‘&e‘ﬁ% %éﬁ gﬁ’e R fiY #ver | PoKTeR , ¥0G and
40B have a ,function of nodul ating t poJ ari zation direction of each col or
conponentP9AgHALIOR CORVERHAE ke Yice g%ﬁ@é{ngé?oq §C1§BR,2588‘@1§hda1§88 on a
pi xel dot_basis according to each inmage to be displayed. Herein, the liquid
crystal phfsersed &?ﬁtﬁ\é%eﬁbmﬂget oseconseclight eseugaee 8{ “and pathieal P#odul ati on
device" in the invention. The second optical system2 still further
i ncl udes $epATEkil/eypthesisf devicel 46 glondedies oprichilspeie @0 nnaopdesti t i on
where an axi s passing through the centers of the dichroic mrror 36G and
t he |i quifttoor yhe adecpadelight Goamde 21.axThepfissti optichl eygterhht faether s of the
liquid crystal panels 40R and 40B intersect with each other, and 17 a
proj ecti dmclefdes 43polaostidnofvtanifiridesicd 151 88dod pigridigsflhge Arg sm for
color synthesis 42 (that is, on an axis passing through the centers of the

di chroi ¢ whidlPhrd@ispbded 18 didit H1dHg $halogtaesl kdgr opposi te
tothe liquid crystgP p%nel 400G . Thegldi chor ol C p?iﬁgﬁl?o@k ?g?%ra%g{yﬁft hesis 42

synt hesi z8% pgl égxﬁgggngyﬁtﬁéggt&&%img passed through the |liquid crystal
a

panel 40R, 40G a nd emts synthesized |light, and the projection |ens

43 condenses [ Oj .1 he synthesized ljght emtted fromthe dichroic
prismfor col gfrigléélir?t’ h@g(% ?”5153 8§¥ Cai]c?}é%ﬁnéli. 9‘1\96?%%%‘?‘?8 40 BnSRASHIC | ens 32
i s disposed beivvee ! he q’lchr.oi g mrror, 3]26 and the reflective mrror 37A,
and a corfdeHBRI€ | @hs a3 Hiumnghion; bRk nsYHem of Mecthe clniantaen37A and
t he refliﬁtive mrror 37B. The condenser |enses 32 and 33 are di sposed in
consi der dYPEROEAT: AR RRtieRh sYstempineladipgt the ajenizagiameonveutidecr yst al
panel 40B, corresponding to the bl ue conponent light is |onger than optical
pat h | engla¥dicedr téspaddiddy thet S reepaatpomsinthesjst device hi6griden
conponent light, so it is easier for the blue conponent light to be

di sper sediol@nizadion trhtatinge devipenelit langht the fpodahizingondaetseds8 so the
intensity of the blue conponent |ight can be prevented from being decli ned.

Next, refeorréesgprnds Eb@spacifiv exghple 6thea vepletdment dptid ystexe | ens
portion 13 and the polarization converting device 14 wll be described in

more det dinl thel Mvertién. 2 BlaMera theCholidlzavicdWcshvbPnk! Yeb¥R h1ans

portion 13 and the pol arization converting device 14
corresponds to a specific example of "a first polarization converting
means" in the invention, and the polarization converting device 24
corresponds to a specific example of "a second polarization
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 invention, and the polarizing plate 18 corresponds to a



18 in FIG 1 taken along a plane passing through the optical axis 10 and
bei ng perpendi cular to a paper plane, and FIG 3 shows an enl arged vi ew of
a part of the polarization converting device 14 showmn in FIG 2, and FIG 4
shows a schematic perspective view of the fly-eye lens portion 13 and the
pol ari zation converting device 14. In FIGS. 2 and 3, in order to avoid
mxing up a line indicating a beam path, crosshatching is not shown.
Further, in FIG 4, conponents fromthle1 condenser |lens 15 to the condenser
| enses 38R, 38G and 38B are not shown.”"'As shown in FIGS. 2 and 4, the first

| ens arr - W } wpar f . L y-veye.d en ortion 13 includes a

| ar ge nuﬁ%%%ﬁ%llpvgn%a%ﬂ{%esPgng%é)ﬁ%ﬁ%ﬁégﬁf&f%ero %‘h%é’ng‘B B4i nensi onal | y

al i gned al ong | an er pendi cul .to,the opjical axis 10 nd separ at es
| um nous fl uxe?hguﬁg“fetaﬁtg' I?%}lrﬁﬁrg‘[ IIEFILE(EQSOﬁeh&HHPWé? bodgmiiAcard &t | ght
source 11 into argl ur al iLé of, smal|l |um nous fluxes by each |lens elenent to
condense RIS MHIAF THE withergational sEpynetBhenfsothe huminews | ens
array 131 is simlar to the shape of the liquid crystal panel 40, and the
| ens el enkedy ddd. fhe epagple, @& saper highdressune veezouryrtagep donjinga e

rel ationship. The second lens array 132 which is another part of the
fly-eye |eantipupusoemissipnespetdsum ghaoughoyt dthed srevedbrgtntiange of

t wodi mensi onal Iy aligned corresponding to each of the | ens el enments of the
first |envisableayighitl is Basdd.| eddtetrenmnelyf forhexaansdad 4 anstal maMidd2 enmits

the small lumnous fluxes incident froma correspondi ng 19 Iens el enent
in the fiYashplmaay 196 u@Bd1l31TEe coschPe SHRGOF "PB HrohsrHTH! had Y fluxes
on one another. The small lum nous fluxes emtted fromthe |ens el enents of

t he secongifiens RiERYcormde iR oC s B S Pf [aui.d crystal
panel s 40R,1 40G arllg 4%8 byl?silﬁlg gon gﬁggrggeﬁn%gsi@%asncg g&(;%gég&llehp%sed on

408 by the con 157 and are Super rosed on
back of (R R0 dnirkE ROPPEICARDAST BROHRE S BaiCHARE Suite L ol r oy

141 and a. Se ate 142, I, PS separatio rismay. 141 includes PS
separ at i ?ﬁggfuseé‘h@%%ﬁl%ﬁ%ﬁ@%& R ?i‘%%sﬁa?ﬁér}éﬁg‘ﬁnﬁ %%éﬁge’ﬁ §EHSSKY | on, and
reflective e@’rﬁi sns ,141B ﬁrefer. to FIG 3) which are alternately aligned. The
PS separ aiRGHTPM fhom kho emissing sReqteRm \of &? digst1 hightasauiegr ddd so as
to have a wdth equivalent to half the width of each I ens elenent of the
first and®Rh&avdBgrPeraksngg sppsifiowanebarsh thptdspg reshwayebeandpWi sm 141A
includes ftwo triangular prisnse with a base angle of 45 degrees, of which
obl i que sipr gxam naavgdneg frogeG26r nmakd T0@ mondad morkapeefesahlyPS
separation surface 141C where a PS separation filmis fornmed. The PS

separ at i ofropr i63H MAAte $4h spobdd ased Haefdheo CEDGer8Bfwhich RGilsapar at i on
prism 141A is positioned on an optical axis 145 of each |lens el enent of the
first anddddeeilsatbmidr)ens arrays 131 and 132. A PS pol ari zation m xed

| um nous flux (P+S) emitted fromthe second |l ens array 132 cones into a

focus at appr oRh&®oHiht0 168815 hal 4 enERoR ¢ Veting AAuminous

flux emitting from the second light source 21 into a luminous flux
substantially parallel to the optical axis 20.

The fly-eye lens portion 13 includes a first lens array 131 and

a second lens array 132 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



surface 141C, and is separated into the P-polarized |umnous flux Pl which
travels in the sane direction as the incident direction and the S-polarized
| um nous flux S which travels in a direction orthogonal to the incident
direction. The reflective prism 141B includes two triangular prisnms with
the sane shape as that of the triangular prismof the PS separation prism
141A, and oblique surfaces of the triangular prisnms are bonded together.

The bonded surface is a reflective surface 141D where a reflective filmis
formed. The reflective prlsn114lB IS dlsposed so that the center of the

reflectiv Ia S n ortion
bet ween tﬁ%ﬂ{léﬁs%%ﬁé?edh sSDadf}? gn{éq% ng@% zg'{ingglqrﬁ f(ﬁg(éh % S 355‘%( he
second | e ajJ.ra 1.and 132. The |l ective urf e.14 t.he
renecuv%g%c{ Spsed BerRRFRciHe pALEERtoR (oI ABTICH P BITER? ect ed on
t he PS se tion surface 14JIC of the PS separation prjism 141A in_a

directi onaBPEMRIGBARY Of JBEHERIACT BheRt QR ek PYStaRhd khesesgndrdght

pol ari zat i on direction, Thereby, a main_|um nous beam 146 emitted fromthe
reflecti veopidesAl 1n1erdac biean gr seqoard {ighd snurcet 2bnanf carzespondsl axis
145 which is a main |umnous beamof the incident lumnous flux (that is, a
directi ontoh specifiot éxampluiod "p0sécorrd @nifgrmitedifs opdpalatystangy ism ar r ay
141 does not necessarily include the bonded prisns having a strip shape and
a squar e thosimveatiomn, Tid figeyienténsepddtoods c1Prasds28i fundthen sage shape
and the sane size. The phase plate 142 has a plate shape wth the sane size

as 21 thiegRhtey R GIFTWIngUNAGE0WS fRAGY é@itRal frogh Rhb Fst4iBhtand is
di sposed in proximty to or in contact with the enission surface of each

reflecti V@oﬂdesmllﬂﬁﬁ tHBesRPIE lfﬁlﬁl Sohfée iS1 QJOSQmCiﬁJrhxgdaﬁl ﬂ?giaﬂ@ve

plate, and is made of, for exanple, white mca, a synthetic re

exhibitin T, p ate 142
causes a Bt aseﬂﬂﬁl??edr%%%@ﬁ‘g#&ﬂaﬁ“?Qﬁ{e?&,gﬁ 1 et ﬁﬁﬁe#ﬁ}c. A nous
flux betwgen el egttrlc vectoi':l onen t,s ortgo&@l to OIE)PL , 1n the

i nci dent Chons of | 8SeTHH ¥b§/e elr’ﬁee g8 8P ZLdWh CBY'§ t?%ﬂe h@s
S—polarlzedlumn us, fl ux red othe pha plate 142 is rotated by 90
degrees sBEEGRSATY é"’%’rﬁh &f‘ﬁzg Wﬁrﬁ ed later Sﬁ’ég By %fféﬁeﬁ§ ROIBID| ar i zed
| um nous f1 ux P2 Consequently, alnost all of the PS polarization m xed

| umi nous 18uxidkbeplesrritadeinmans defibdatan zati on converting device 14 are
converted into the P-pol arized | um nous fluxes P1 and P2 to be emtted, so
compared to a Thei qullapglagiae acowverting edevireovl4ghalse oS- oldiozedf
conponent and allow ng only P-pol arization pass through, a energy |oss

duri ng coemevdrntigg iaslemtineun®|flus fedh. tide first defler sowreee 1 FhE&s.a firatd 6, the
structures of the fly-eye lens portion 23 and the pol arization converting

devi ce 24liwehklybe patsrizededuieimms Fiffax 5 (Phgstarazetecliupiiabugi efu@) the
fly-eye lens portion 23 and the pol arization converting device 24 shown in

FIG 1 tajehardsaNird #! fiRSt PESIHrDoh tidh OdBbL dtith, OF&td&aﬂh@)%o‘la?Pza%% bei ng
per pendi cuI ar to a paper plane, and FIG 6 shows an enl arged 22 sectional

vi ew of Gért%gt(féére%'ﬂ Jray OPuﬁQHMHrGf ’68 ‘JEi’hﬁg d§41 fud MGG 5. 1N

FI GS. 5an r to av0| m Xing up a P Re MRdf ca beampath
crosshat Cﬂ’oﬁg él’?e ré%tcoﬁlao‘fﬁ’ht source 21 into a second linearly polarlzed

luminous flux (S-polarized luminous flux) polarized in a second
polarization direction orthogonal to the first polarization 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



As shown in FIGS. 5 and 6, the structures of the fly-eye lens portion 23
and the pol arization converting device 24 are substantially the sane as
those of the fly-eye lens portion 13 and the pol ari zation 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 |umnnous flux, a

| um nous flux emtted fromthe pol arization converting device 24 is the
Spol ari zed lum nous flux S. Athird Iels array 231 which is a part of the
fly-eye lens portion 23 includes a IarS’e nunber of mnute | ens el enents

whi ch are_twp:di nensi |4 y_ aligne raj es. luny nous xes;fromthe
col | i mat of e%{sﬂ gg éhg%éiht Pgifll %legpgﬁhgrtsﬁ%%gg% g‘rr]lgt %E f%ri éﬂagl%%ral ity
of small J um nous 1 uxes bg/ e:ilch I?ns (ﬁl emagt to.condef'{lse .eac O]::l t hem The
shape of SHERRYWRHIGY dieans gr Iinearininalarised lymigoys £19x ig; which 46 the
shape of the |ljquid crystal, panel 4Q, and the |ens elenent and the liquid
crystal p‘éﬁwtm [daxeetion jafeda Pcelsmna@ateétmlaﬁnoﬁsnlame vEEhegaRalhtg ens
array 232 which is another part of the fly-eye lens portion 23 includes a
pl ural i t ythsf pilane of| iaebderceni Theapelanizatipnesosiventing devicgselid and
corresponding to each lens elenent of the third lens array 231. Each | ens
el ement o024 twidl beudaseribedsimmene det2dl 28terenits the small | um nous fl uxes
incident froma corresponding lens elenent in the third lens array 231 so
as to superi npBhe ddmlanselr lenses liand @8esormde myte aaphiradity dhemsiihl |

| um nous fluxes emtted fromthe |lens elenments of the fourth I ens array 232

are condelgfitheis SHlexCe&Mmited f®m ithel Solarysd tRbn RRMestiHERde HResangd 40R by
a condenser |ens 25, and are superinposed on one another thereon. The

pol ari zalypl 2NVRIdHeRHyARY! Cord dhiiRARRA Hnldl HRCknE! 25Ne 4} meve | ens

portion 23 includes a PS separation prismarray 241 and a ph ate 242.

The PS Se@i%%%%bﬁ”oﬁrdé@n?{srs?a’n de | JFCliidgss P§p§§€ﬁ%@9§ﬁ&h°ersk§r&%ﬁ4 A havi ng
a strip shape and a square crossS section and reflective prisms g (refer
to FIG 6%§mhich are alternately aligned. The PS separation prisnms 241A and

the refleCtive prisns 241B are forned so as to have a width equivalent to
hal f the wi dt hof ch | ens, .el ene of the .thi and.the fourth_ |lens arrays
231 and 232. Trﬁgepggséﬁaﬁé%ﬂ&)ﬁ?ﬁyﬂ%sﬁl Vi | e%VI%t\b&SmSaﬁbﬁl frstri sms
wth a bals,e angl e of 45 degrees, of which oblique surfaces are bonded

t oget her , ligaarbheobariged Lunineus ifkux ol sheapeeonsh lingarlzepolarzathere a PS
separation filmis formed. The PS separation prism 241A is positioned on an
optical abumirpass dfuxeswibh|ahewdioeseanddindndes thimodp eisang benidedr with ens
arrays 231 and 232. A PS polarization m xed |umnous flux (P+S) emtted
fromthe &ousepatenentayrmaheRd? coumfacent Ad6A f oeherat apprpolapidation t he
center on the PS 24 separation surface 241C, and is separated into the

P- pol ari zegpdnationdgnthesisP Hhinchis r dfeehted nihhebsaweedi r ectityn &Lt he
incident direction and the S-polarized |umnous flux S which travels in a

di recti onsgyd2aeaDBYntRedike devededary yhirf®fhkOfunctions of passing the
first linearly polarized luminous flux which is the P-polarized
luminous flux therethrough with hardly any loss, and reflecting the
second linearly polarized luminous flux which is the S-polarized
luminous flux on the separation/synthesis surface 16A with hardly
any loss.

The polarization rotating device 17 is a polarization rotating
device having wavelength selectivity which rotates the polarization

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



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 with the em ssion surface of each PS separation
prism 241A. The pol ari zation direction of the P-polarized | um nous fl ux
entered to the phase plate 242 is rotated by 90 degrees so that the
P-polarized lumnous flux is emtted as a S-polarized |umnous flux S1. The
reflective prism241B reflects the S—H%!arized | um nous flux S reflected on
the PS separation surface 241C by the reflective surface 241D in a
direction n tg. t NG t 1,0l I O hle epi he

w%"vteg%?l aJ.V) ﬂl_r%grgg@%lggg ll%llili?g’ﬁé ﬂu\th andltng%%%e%heand

pol ari zation direction. mal n T um nous b

S-pol ariz | um ne fl S2.emtted, frgmthe yeflectiy rism241B becones
par al | el %goglﬂgﬂé%ﬁ Hﬁ% ?ﬂberoﬂf"ivggﬁngx?gsﬁa r el&l’(”itgo trﬁ?it?lglplr}rri nous
beam of t i ngident Lum.nous, flux (that, ig, a direction of the, optical
axis 20 iﬁﬁﬁreforf) .lnrliiket ,lr%{cfm@%ﬁam ayigedlymingus Hux eptargdcirem al

di spl ay apparatus according to the_enbodinent will be described bel ow. At
first, r eﬁaﬁ firgl lightrsaurce 13dnite tdeopokanization erotptingadevineal at tize
according to the enbodi ment will be described below In the first optical
syst em 1, pelarizatonslirpetionlofeomlyt Hghitrionthe 2 avieedésarshed ivpntetsamd ce 11
passes through the fly-eye |l ens portion 13, the polarization converting
devi ce 14is tdedectimdbnsestateds fidm tthe Plrsieppokhirizaviennidiesitiofle(Pee 16,
the polarization rotating device 17 and the polarizing plate 18 in order,

and travepsldrpxetiont ersatond aptilkal seaoiEnpaladisMasad disxdtibR (ve first
optical system1. On the other hand, a lum nous flux L2 emtted fromthe

second |ighlarsPati68 Redsgrs through the collimator Iens 22, the fly-eye
| ens portion 23, the polarization converting device 24, the condenser |ens

25, the PS sepagt,aty t S i.C hzatiqn i ng devi ce
17 and the pol grrnl {éllh‘%gry tg?égtkgﬁ%’ }Ig%glre d%?g]oqyéinyﬁeeraa%%01%%%&%1‘{!%&@%%ond
optical s e dnethis case, the.l um nous flLuxes L1 and.L2. havi hg passed
t hr ough tﬂékpg]flg?liezdi #QOIBI % ngoﬁgc]dﬁgtaswg?gdb?u’rﬂstﬁoﬁl%e qu}er(zLa%#q_r?) .
Functions_qf .the fir.st tical system.1 will be descripeq. later. The m xed
| uni nous ¥9 n}g_l({kq_vzlfeh ’8' ﬁEepﬁgééélzﬁ‘tl’rPBugﬁetcﬁ’é’np a?’ilg’l ﬂﬁ}}ﬂ aheth® of the
first optical system 1l enters into the dichroic mrrors 36R and 36G (refer
to FIG 1§b%‘re'§1ﬁ§0%1b@ népepificc ayavshandn iz pplestivaly motatefdcfromcthe rror 36R
separates a red conponent light fromthe m xed |umnous flux (L1+L2), and
refl ects terondedotavipation diremtion {Sapalarézation diectipanato tthet fiest nci dent
direction. The dichroic mrror 36G separates a green conmponent light from

t he ni xedpolarizetien fdinrctibh+{Pp ohamiza tioma désxttidm)ougHetdim, divhbnotlge i rror
36R, and reflects the green conponent light in a direction orthogonal to

the inci debévetidesctibed. spedificewaoabandnis a 24 wahdbaedi(fer paaggse! hr ough
the dichroic mrror 36G passes through the condenser lens 32, and Is

refl ect edrdrigingdiff Gt 620 At NROTOA nlnd) thDJARLGER Huifald AN thYthde
reflective mrror 37A
emission spectrum band of the second light source 21, in the second
linearly polarized luminous flux from the second 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-polarization 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



After the red conmponent |light reflected on the dichroic mrror 36Ris
reflected in a direction orthogonal to the incident direction by the
reflective mrror 37C, the red conponent |ight passes through the condenser
|l ens 38R, and enters to the liquid crystal panel 40R The green conponent
light reflected on the dichroic mrror 36G passes through the condenser

|l ens 38G and enters to the liquid crystal panel 40G The bl ue conponent
light reflected on the reflective nirr%r 37A further passes through the
condenser lens 33, and is reflected i 1% direction orthogonal to the

i nci dent i Lon t lectiv 1k . as t hr oygh the
condenserﬂ%ﬁg&gﬁBﬂ% n g% (=f3rd‘s3 ]1t;do @hég f1|5'(§q’t:,'“ g(z%r&g{kgf)gpéﬁg?cﬂ%. l(‘E'he liquid
crystal panels 40R 40G and, 40B.rotate the.pol arization.directi.ons,of the
col or con?)‘gﬁgmaql?gh‘ﬁé'e%t!mﬁ) C?ja??a%y(%?]@éﬁh%)edaiﬂn%n?ﬂﬁ 3%‘)“,‘9?' ggygqu vel y,
according,to a,col or .i mage, signal ), and ent the col or conponent |ights.
After theftom eﬁg?t}"’éﬁ‘né tipne ortatingmdazie | 1gnpassi theaughom bk of the
liquid c\r,\%stal, )anel s 40R, 40G and 40B js nodul ated by a polarizing plate
(not showhgscrépdRncah ot thispsHdme givgm ladarers to the dichroic prismfor
color synthesis 42 froma different side surface for each color. In the

di chroi ¢ pri snThersecondropticahegstend 2 indladeedlichrpicnantrdris@8R artk gr een
conponent |ight and the blue conmponent |ight are synthesized, 27 and the
synt hesi z88G! digposed Amiorded dlonlgetlys ajpeicldaris 10eastheebadd dfytlide
projection |l ens 43. The shape of each lens elenment of the first and the

third | ensolarizyg phlteand #ith aSpsédédermin@dt Bfasdiapae¥lectiR® hiigubd crystal
panel 40, and they have a i nage conjugate relationship. Therefore, as shown

in FlGs. §7A”djis?_os@&%h $HR! bpdikdl RS dt! the rl)aa‘(:ikngf Qﬁé;ﬁ%g&gf@ﬁﬁ%&aCh | ens

element of the first and the third lens arrays 131 an I's magni fied and

proj ect ed { L £ , 1S:.S . ) har eon.

Ther eby. - 208n " ferledi e pilrtat TH AR5kl of R b RiP R ud R AT T e

| um nous [ t uniformbefore t | umi nqus_fl ux .enter 0 f,he first
and the t‘%%rl §t£|rs1ﬁ’aer rrgﬁsecﬁrle a{ﬂgr%l??fs‘h@q(fﬁ{ﬂﬁlﬁaﬂﬁ@%ﬁ% iﬁiﬁt{}b‘h on the
l'iquid cryst.al. panel .40 begcones .sufficientl Lform xt) referring to
FIGS. 1 t%ﬁ’%ﬁ@h"é‘és Hie @tirﬁﬁﬁecg’fvet LD s:wGp P%S"\*Igygpeﬁfpla&sthe
illum nation optical system accordi nght o_the enbodiment will be described
in detaj | Pisg thraagh Aheygenter jof theecdighreicsaeirona36Ri and bavg ng t he
polarization directions of the lum nous flux L1 and the |um nous flux L2
when t he oxthiogongl tp thesonticalnaxis2l@pass t hrough the PS separation/synthesis
device 16, the polarization rotating device 17 and the polarizing plate 18.

FI GS. 8A t hr oufhe8@iaheoigl ahsriofser@aRi andsp@66r Usvé naa fwrediirer of ned
position in the illum nation optical system according to the enbodinent. In

FIGS. 1) skpdnatig anevhibe lulneinpaisafluikathdbtedi fenhi thie pblarippi@pilaas i on (in
a paper plane) is indicated with a 28 "doubl e- headed arrow', and the

pol ari zat 1 ®rindb ' &@Abi WondhopPRt Akt HOR ((p@am?mi cHl(gfedi) WiHicRapRS Pl ane)

isindicated with "". At first, referring to FIGS. 1 through 6, functions

fromthe fidddmbhdl SAUECRishiabe Ldifd Profeaang! kR Sl wehipstvhee 16

and functions fromthe secon ght 'source 2 _ _
separat] OReRYD BN SgHEMtios t2Hbdandl® (0°RRE' BEAARRE OWire LR " Hnd ' ON
reflective 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@G, 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



substantially parallel to the optical axis 10. The lumnous flux L1 is a PS
pol ari zati on m xed | um nous flux including the P-polarized conponent and
the S-polarized conmponent. The lumnous flux L1 enters into the first |ens
array 13|l of the fly-eye lens portion 13, and is separated into a plurality
of small |um nous fluxes by each lens elenent (refer to FIG 2). Each of
the small |um nous fluxes passes through the proximty of the center of
each corresponding lens elenent in the1 econd lens array 132, and the small
| um nous fluxes enter into the polarization converting device 14 while
condensi ng; . the l.ar. . t4 ' t he
smal | Ium@ﬁghgo 'uxg(glesg%g?gtlgg ﬁﬁ giriﬁ h:}é ug‘l&?}%@g 3" ﬁﬁxg{d{%\?ﬂ%’ﬂ@é&?g{the PS
pol ari zat{.on, m xed |l ugipous fl ux-i s gonveried,into.the. Ppol afi,zed | um nous
fl uxes, a gﬂfh%eqirﬁcgﬁglrﬁ¥eﬁnfiu X%%?F? I‘)Hxéféeeﬁl&c Ofcntnﬁlrtrﬁé @éﬁdb‘hs‘br | ens
15 while ivegigi ng (refer to S:QG 3&. Tge P-pol ari zed | um nous fl uxes

havi ng paS¥é&d ﬁ‘r‘g‘ié‘i‘?gpﬁélﬁﬁlt inctdent EHiprElan.ng device 14 are converted
into substantially telecentric |um nous fluxes by the condenser lens 15 to
enter into 28hehecpadseptical spesyd festherginalydesgontleasendenses flux L2
emtted fromthe second |Iight source 21 enters into the collinmator |ens 22
whi | e di v@8Bi 38G el 38B| drsposed|isng dizectinnewhere kachulizhbwefliected L2 i nt o
a lumnous flux substantially parallel to the optical axis 20, and emts

t he | um nomghel refldi2ivelheirkors 82As 37MBand237€ trak8lyaleabieztivedy) amded

| um nous flux including the P-polarized conponent and the S-polarized

conponent liqhi ckyigial Peendls WOR 246Gt £h8 40B dispesddbh rhBRFoRidys 881 of the
fly-eye lens portion 23, and is separated into a plurality of snall

| umi nous {{dixesnBYnSACh1dRRS S3ERENB8 ehRN tHRE) C}esg)ectﬁﬁqu. of e smal |
| um nous fluxes passes through the proximty of the center 0of eac
correspongl S i N e u I . ers into

t he pol ar(?dz%%%r}c%%%gf?gg’d?é%(?cghaﬁ\?\% Fgﬂggﬁg e%@&?%pﬁ@%opgri zation
convertin evice 24 nost_all, af, t spall | um.nous es ,S rat ed
fromthe u(fh' %llc?t? ?ng vy W%’H’ltﬁe? P%g‘?’ﬁsﬁ%&r&q T ﬁb%ﬁnfluﬁé’qous fl ux
are converted info.the S pglarized,l umnous fl uxes nd.the S-polarized

| uni nous EH‘EX%BO @tlf’ﬂtfgﬁf’ﬁén{?gﬁh@?’l"s‘b)rf%lre‘f?é“’%a&iﬁ ?lée apeléiﬁgitﬁgg tefer to
FIG 6). The P-polarized |l um nous fluxes having passed through the

pol ari zat U @rfemariectadineas polarization dst disnased Smeeght ofl the
telecentric |umnous fluxes by the condenser lens 25 to enter into the PS
separ at i ofihdsgiohesidesdofi the 1@ndansey lafsesr B8RK,.t 886 @nd B8B.hr Ahgh 8C,
functions of the PS separation/synthesis device 16, the polarization
rotating deuidectystal 3@paaredst HORol 40Gziangl phaBe A8vahiachfwarction of
characteristic portions of the invention will be described in detail bel ow.
FIG 7A siwdsilatimgpoharpolatrizaniol deeddtion @f ddvh kolornesispbhentlighand FI G
7B shows the polarization direction of the lum nous flux L2. As shown in

FIG 7A) phenedd thtbugh fHeeconBbhsétineneds JBRIXSSGH AnlihesBUSL NP Yxb] ux L1
whi ch enter into the PS separation/synthesis device 16 are the "P-polarized
| um nous ig Tt ¢ ' | Wi RUS o T | uX j e Iypinous ux L1
pass thr o%%ﬂﬁ)tfa%és s%%g?g%ﬁgdsﬁgﬁegﬁg%u??a%g %%SRIQ %? hag!g%é}(ﬁéng/ﬁ% oss, and
t he P-polai,zed ) I S 1kted fromthe P "
separati oﬁﬁggﬁt%ﬂé}éﬁp ev?%:le%itg (iog&gs (g%&% h%) p%l relcigf i g}r{]arrnﬁlgt Pﬁng %evi ce
17. A few S—tpoi ari(i d, ! um,nous,f.l ut es.in the lumnous flux L1 entering into
the PS sepatatt B @ﬁ?’r?é‘sfigkaé?vilge IXENHAR| oot ed on the
separat i on/syn,Hlesi S S rfag.e i6A in a di r,e[\ftfi on orthogopal tq. the incident
direction (thatfsSecong; pRECAS SYSteRb oAt dyreher dneludas axdichrejc i o be
renoved. In the polarization rotating device 17, the polarization direction
of only tNasPedoE ipdenavntheght 42oditReresfdinga tRosition sthene paNGRIY from
620 nmto 700 nmis selectively rotated by 90 degrees. Therefore, the
| uni nous Passinglteneugledtlie menthes pofl 4hezdidlowic omartorg 36€vi awd 1thd s a PS
pol ari zation m xed | um nous flux including the S-polarized | um nous fl ux
whi ch is liguid edystadppamel 40Gghndas dxie pagsehgrihredghuthereuatdtsuaf whi ch is
a col or conponent |ight except for red. However, the S-polarized | um nous
the liquid crystal panels 40R and 40B intersect with each other, and



31 flux is blocked by the polarizing plate 18, so the lum nous flux L1
havi ng passed through the polarizing plate 18 is the P-pol arized | um nous
flux. In other words, the lum nous flux L1 emitted fromthe first |ight
source 11 becones the P-polarized | um nous flux fromwhich the red
conponent light is renoved. On the other hand, as shown in FIG 7B, al nost
all of the small lum nous fluxes in the lumnous flux L2 which enter into
the PS separation/synthesis device 16 are the S-polarized | um nous fl uxes.
The S-polarized |um nous fluxes in thé’l uminous flux L2 are reflected on

t he separatj hesi.s rface Ain a direction,0r nal ;to.the

i nci dent %iélgogé?%ﬁh(f%{ast 4;%2,(11%?0 %00 88 6%}15??0&} %‘Sgtﬁ[ﬁfg%ggt ?k%roé&i s 10)
with hardly any loss, and.are emited fromthe PS separation/synthesis

devi co 1PTSTLARE PR, YRt gy (S 15 SPORACATS RASALRE thFOURD thp
P-pol ari zed | um noys fluxes in the lumnoys flux L2 entering into the PS
separ at i OHTEPES (s rodc 1ingey 36 G ang HhenBayad srystanpapal HOG s
surface 16A to be renoved. In the polarization rotating device 17, the

pol ari zataed anractside oppresisertel dunpoauid ¢uyghal qeanels gd{d.ng The a
waveband ranging from 620 nmto 700 nmis rotated by 90 degrees. Therefore,
al nost aldichfroicherssml Foil wolorwsyntheasiss 42nsyhthésinemaedof laompéneht ch are
emtted fromthe polarization rotating device 17 becone the P-pol arized

| um nous fighkehavang pdwseld- tiotargly elel liguidb sy slalxesn¢lagoR, o@aihd he

pol ari zing plate 18 di sposed next to the polarization rotating device 17.

I n other y9Bdsand hemlitsn BPHEhddidd LIighy, t @@ f {14 pRSjectidh SRHRNA i ght
source 21 becones the P-polarized | umnous flux fornmed of the red conponent
l'ight. | 1SS heﬂyiﬂ . B Ve g t

hori zont Q(I:&d;%rgéqsn |I£H]atlzfstﬁ\%g€/§élr%r$3t a#gg%%eéﬁé ?le\cg?ﬁam S f?n |c§§ees
light-em gihng: | i V. h spectrum of the

| um nous ]Tczlggf_dlﬂ#‘l{ras%r?n'f§%goﬁkfés‘{tngcﬁ%ﬁ&gooﬁlr \‘(lz\ilgsc%gﬂgle 8B shows a wavel ength
spectrum of t | um_nous flax L2 Irom3 heég‘econd bi ght SO rcg. 1, .and FIG
8C shows a wavIICSREYF < SRRAENTER 4 BRIk PR A BSEPRRRA TB3PIE ncl udi ng
the um nous fl L1 and the lum nous flux L2 after passing through the

pol ari zi Myprodt \'gé@@ngﬁgg@ecgwq H%léﬁ%ggé,’ e ar nseridepsvEbihd W
corresponds to a _range of 620 nmto 700 nm _As shown in FIG SA) in the
wavel engt #isppsed hatmsren Hee rafleatiye mivsor 37Aramd the reflestive ghrrenur ce 11,
the light-emtting intensity of the red waveband Wis relatively |ow, so
the red cdMBonéhhe icogdenper ilemssds BEiamd 330are ldéspodest imandsiddratimyel engt h
spectrum of the lum nous flux L2 fromthe second |ight source 21 is the red
conponentof adfaict thait rn aptigiit peth léength peathd higulié orgdtalbpehahd 0B as shown
in FIG SB. Further, as showmn in FIG 8C, the wavel ength spectrum of the

m xed | unddieyspbhding Ltb+tRe bhwd wdinigoridiet I1ightnqyslonger tRaangptiBgl | um nous
flux L2 after passing through the polarizing plate 18 has a wavel ength

spect r um ya i 1én SfiaPeorrdspbhath ¢ b6 theviRleeasihPonirasnisght hdt veband
Win Fl GIMSA is repl acgdsi\?\nbt h t%e wavel engt hbgpect r uén%mi %ﬂt hlgﬁer 25&%3

waveband i I r t C |1k ichis

i nsuf f | ciéeé{ll?ﬁfﬁbtgﬁe@ i %bogghﬁ%%gﬁgsfﬁo{%&t %Zg?iﬁ*?ﬁﬁﬁéﬁ 153% 5%‘% is
repl aced | 3] | L2 with suffichent intensity from,the
second Ii%&’%%%?‘ceﬁg}fqgté;agh%)él}égézﬁrﬁa%oé?(%te;hlgéﬁtlsi %réﬁgftc)?}llggpgﬁge anong
col or conponent. lights o (yed), G (green) d B {blue). As.,described
above, inrg)q ﬁgeﬂqtﬁﬁ?ﬁgt ?{)ﬁﬁﬁplf]iu@a@@ygggﬁ%gﬁﬂﬁpﬁéq ﬁLR’if)V@NEQ rOf} spl ay
appar at usl?/éatccoﬁadi n (&Jo t he enbodi nent, the wavel ength spectrumin the red
waveband @& %"slb’g?l ing to the red conponent light in the first |ight
source 11 which is a super high pressure nercury lanp is replaced with the
wavel engt h spel¥ertintelgriing ted'ltes ebshrovgh i tthe stuvstures ghttheoflyte 21
which is a red LED, so a superior intensity balance anong the col or
conponenteyd ¢gns poftirn( 12dnd ch¢ goderizatinh Bonvextehgakavibe ldbwallded wi t hout

reduci ng the conponent lights of G (green) and B (blue), and superior col or
render i ngdgsorpeed iiasnoae Hetathbdliomed. FIG. 2 shows a sectional view of

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



More specifically, after the lum nous flux L1 and the lum nous flux L2 are
m xed in the PS separation/synthesis device 16, the polarization direction
of a specific waveband in the lum nous flux L1 and the polarization
direction of the specific waveband in the lum nous flux L2 are rotated by
the sane polarization rotating device 17, so the waveband renoved fromthe
| um nous flux L1 and the waveband of the |l um nous flux L2 with which the
renoved waveband is replaced perfectly coincide with each other. Therefore,
34 the replacenent with a desired wavefand can be accurately and easily

carried out. reover, as_the red waveband can ;have Uffi gl y strong
peak, an HH\Felge?etfaﬁ%d& ai?‘nghae pﬁBPSrp?%%l&& m@oﬁ%ﬁéret sgglc%;iaéﬁsgi%eak of a
yell ow i gh onponent or,.an orange |ight conponent jin.a eband rangi ng
ar ound 588“&&%&&3&”@5??%%“ dg%e%l E%g%r ﬁﬁé&lﬁ %éﬁfﬁsi%ﬁﬁﬁqvﬁ%rﬂn extent.
The present_invention is described referring to the enbodi nent, but the

i nvent i oneplarged Viewt efl a @ amte ohdiee RIBBFAKIGR conyerting, deavaer| 14

modi fi ed. For e.xagpl e, in the enbodinent, the fly-eye lens portions 13 and
23 and poshkownatn & Coodventdi RiGddyvsbewsia sghenpatiomergpepidsedview ofder from
the first and the second |Iight sources 11 and 21, respectively, but the
order is tln flspege lensiploytioni 8 echd Thepolayizhéiot spueexting desves dd. or der

or the fly-eye lens portions 13 and 23 may be renoved. Moreover, in the
enbodi nenin FI@s| Raghd 8/ YAt &tddrane! sveidRmi4diz ansl Adhanadusaingsat he
spatial nodul ation devices, but the invention is not limted to this. A
devi ce i Np¥iCyAID1 %8bsd-halBlih fisa dHtNWHR W ' OFuptledy, asn DFPG( diggi t al
mcromrror device) nmay be used.” Further, in the enbodinent, the _

pol ari zat {:(919 Bﬁ%ﬁtt% %ﬁ%&@of{aeh§ A1ds 35! %aih&@oga&ﬁééf‘geﬁ’@é@ ggRrhavi ng
such wavel ength selectrvity that t%e pol ari zation direction of only Iight
in the ab desgrdfaed _speci fil ¢ waveband (red waveband W in the incident

36 | um nogg&f ?ﬁg 4@?5?6&0&41%%”30 degrees, and light in the other waveband
passes through,w thout ro ion, and only.a |inearl ri zed, l.um nous
Prux in the i ASusysih i ETHsn dnRdct B fRabions el €l vaSERdRR I o
linearly polarized |um nous flux,emtted fromthe polarizatipn rotating
devi ce 17PPHsgbsheHineyr lene RaAtion 2dngrcdpdee arreacepder omiBhte| y, as
shown in FIGS. 9A and 9B, a polari iati on_rotating_device 170 may be a

pol ari zat lens reddements dwmicee lansesiutwordiveersignallyelaligned t glanmtalight in
t he abovedescri bed waveband (red waveband W in the incident |umnous flux
passes t hpbugh psirpbodiculatratd ohe apti¢dleapd 40i zatd sepdratet luminbusnl y
light in the other waveband in the incident lumnous flux is rotated by 90
degrees, fimkeankubatdntialyl papalledi tedbrannotlerf Ifrom thehéirsechplt

pol ari zation direction (S-polarization direction) in the linearly polarized

| um nous Ebtixceenilt ifeb fd GPurBEItPObAISnIAL NimiRbas | NlgxEe Vb eedct) 18Ry pass
t hrough a pol arizing plate 180. Thereby, not only the linearly polarized

| um nous gidhiehd th®rdenile PRLRLIZRENPN diHELEhAHE &Pealctqi dngaldment

direction) but also the linearly polarized umnous flux in the second

I
pol ari zat BP@?Qif{&%%HQ Aﬁ'gg' B gggisrﬁﬁalqi foeHd Qﬁapgif%ﬁaewggmgsﬁa@e

pol ari zi ng plate can use umnatron light. F in the
enbodi nment , the specific waveband i,s_the. red wayeban n per high
pressure %P@Erﬁ}fl thgvl]eﬁa egﬁnf%%?fl?cﬁ}é%?lq'uég %”g’ﬁg%l\r?é%?efi‘fé)ﬂﬁa?g used as
the first Ii.%lt source 11, gnd. the .red LED including many red conponents is
used as t pd 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



36 second |ight source 21, thereby the replacenent of the red conponent
light is carried out, but the invention is not limted to this, and the
repl acenent of any other color conponent |ight may be carried out. For
exanpl e, when a lanp having an insufficient blue conmponent light is used as
the first light source 11, a blue LED or the |ike may be used as the second
| ight source 21. In this case, a selected wavel ength range of the

pol ari zation rotating device 17 may bgvget to a desired range (in this
case) a range corresponding to a bl ue veband). Each of the first |ight

11, and Ligh 21 b her .kind | i gh
Sour ce.  FheleRE R0 tap ek AR Gvab TRY B80Tk St Sirenkhe ve

si npl e pol ar tion filters. Nbreover, he ve-descri bed spegific
wtveband P Turdfebs f5kEs AT 50 BRothE peLho e BLa ARSRORRATYERT ow || ght
conponent or, the orange |ight conponent in a waveband around 580 nmin
addi ti on %Hﬂwg £ wg%bl&né, elomente ofpbhe sesandalemburmgray 182 18 nous
flux L1 may be replaced with the |lum nous flux L2, and light in a part or
all of theo gngfurfaees of they liwwisoersratal ipgnelo d0fhed 06 2y 408 mponent
i ght may be renpved. As described above, the illum nation optical system
or the inagethl spnhaensppaleatsud 5acanddang supdimpovednbnooneoapoitkes t he
first light source, the second |ight source having a different em ssion
spect r um fhexmonhe emni ssion spectrum of the first |ight source, and the
repl acenent optical systemreplacing light in a specific 37 waveband in

the | unm nous fTHY pélawiddigoh idohlvelrtigitt d80LICe4WIishokbe AtehaBiTK bpx from
t he second |light source, so the light in the specific waveband wth weak

light i “t%iﬂtyy%w 164¢ #o&lfrfo Oy ifn'ctHﬁdéSsL ?”PS.*’S% farhtior g%ﬁ%%%?&&?” be

replaced wth'the | um nous ux w ficient intensSity fro e second

l'i gh : f whi be .k i . reduci

1 Furm naneid;a pEBE FhEe 13207 Do 3% 38RRLF AR P P i d AL e fhaiRrt s
can be ex?'ﬁbi ted. Moreover, H]](A e i.llum nati Oﬁ opti C$| sgstem according to
the i nvent Porf P11, RITSMS FORBt HSIEHL SAAPPI M A BUNBES £595%in

1 o nardtiepacredieerve: Graeiong dBbpee oo K oo SLTRaFh o8¢ | n the
' um nat él%grr?ﬁél(}:ralalisgyrfgde.m a’%‘ﬁgr C#Sngsélga;aq:?oé m{)?instnilgn’MlA and the
reflective prisms 141B are formed so as to have a 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 degrees, of which oblique surfaces are
bonded together, and the bonded surface is a PS separation surface
141C where a PS separation film is formed. The PS separation
prism 141A is disposed so that the center of the PS separation prism
141A is positioned 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



t he repl acenent optical systemincludes the first polarization converting
devi ce converting the lumnous flux fromthe first light source into the
first linearly polarized |umnous flux polarized in the first polarization
direction, the second pol arization converting device converting the

| um nous flux fromthe second |ight source into the second linearly

pol arized flux polarized in the second polarization direction orthogonal to
the first polarization direction, the_light synthesis device synthesizing
the first linearly polarized | umi nous 2Pl ux and the second linearly

I i ] I .1h I j zati tafin i lecti I
polar e JHILOGUS e 146,00 A B BBk RSB A B 1
e Lo rofsal LG B EO ST Aot RELAERS Lo comver g v ce

directio and rotating the polarizatjon direction of the | um nous fl ux
enitted IE'M%H@@?I}HWW Q?%%t W CIaotmaaﬁIs Ay aldireation Grthegorakond

pol arization direction to the first polarization direction, and the

pol ari zi f§ the/incedant gireatiom y the linearly polarized luminous flux in the
first polarization direction in the lumnous flux emtted fromthe

pol ari zati on rBheteflgctisei pespadd1Bhimlgdesswd beangudhapdisiagovit from t he
| um nous flux and the waveband of the |um nous flux with which the renoved
waveband the s®pleasiesp @ersf titit of €loé neéidegWliairpdsahoptherPS Haphehtiosn 2

repl acenent with a desired waveband can be easily and accurately carried
out, and giper i DL1AOIOid F PHGUENGuPTIeRr lofeFh& atriRRg8XAM D) £iGth gV 420Ut
losing the light intensity fromthe first |ight source. reover, in the

i |1 um naty ' t ' | bR fo!
||l um nati iy ap'tbgathery S UPHY Bl Markgod hE ﬂfég&m sapfaycehligm but i on

: . 1 (¢
uni form zation optical systemtor nmaking the I ntens

;_BI | cal Jhple ¢ QT ?fé‘nlI r'll‘;snfééf@%g'f Ehe SRR PUBE: lgzlghs;gg‘;f“
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opti cal %%ste for making the light intensity distribution uniformis
i ncl uded HAVRBHAT: (ETEESPORAINEGI & RAEOMREETREY dfleadens nelesmrnisal
system so the illuimance distribution in a projected inmage finally
obt ai ned &hAcoRt tadeagother 3o the tfarsh asdi the fagcondrlenisnartays [U3dm nat i on
optical system according to the invention, the specific waveband is the red
waveband,arghd 32e The datiprr ssofacee 143 Daof ithlet refie dtiverprdsmd@4dB a red
| aser showing the light intensity distribution in the red waveband, so when
a light gefilecés hthen@-poldniszed f lemdndbusedlwongonaiftedtédhtons ughe aPSa super
hi gh pressure nmercury lanp or the like is used as the first |ight source, a
repl acemsepanationt heirfeck cpaponenNttHd dPs Isﬁpéf'@ti&ﬁc@@fbﬂli gl ASQHr ge can be
carried out. Specifically, the red waveband in the second |ight source has
a peak, saremebn! brithde) g7 sToXy A gt g; t ) gr een)
and B (blue) such as t éﬁgef€om/c§%%g%%ﬁ? I@éﬁ??ntﬁgﬂggé%égg%%%g%%ent | i ght
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such an y

exhi bi ted w thout adverse effect unnecessary conponent light. A

met hod ofe,i |1 um I .spat i dul ati on ice cording,.to the
i nvent i orIrI):I(I)lnIgIgl ggfélb{f‘ﬂggge%%% gflilIe?’m %‘I‘ﬂgsé’ﬁr&ﬁﬁ& 2 ﬁclﬁ%tf%%ftt first
| i ght source, ;emtti aJuminous flux emtted fromth ecqond, ] i ght source
with a dRPrsal, X 18 Srhich. 47, & math, Timinews Rsam §ge@19r dﬁ‘F’éIfenc%he first
| i ght soqrce, repéaci@galL ht in a specific waveband in the |um nous fl ux
from t he IFHIOOUS; YHE LBHatds, & dirackion gfitheuerticak axis A4 e Bl Eodd | ght
sour ce, d gﬁ%ding the lumnous flux fromthe first light source in a
state wh separtipp RHems peeay ild lnvdoedaed necasspriycncindé thee
| um nous flux fromthe second |ight source to the spatial nodul ation

bonded 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



40 device. Thereby, light in the specific waveband wth weak |ight
intensity in the lumnous flux fromthe first |light source can be repl aced
with the lum nous flux with sufficient intensity fromthe second |ight
source. Therefore, a white bal ance can be kept w thout reducing the

i Il um nance nore than necessary, and superior color rendering properties
can be exhi bited. 41 CLAIMS 1. An illum nation optical system

conprising: a first light source a seéﬁnd |l i ght source having a different
em ssion spectrum from an eni ssion spéctrumof the first |ight source and a

I i cal : i |i ght 4 ifi band. i
L nous. 1t OF (TSP Eftegf O snrBobe Potud R 4 S35 't e
second |ight soyrce. 2., ikl um nation o ti.% | .system accord'hang tg claim
1, wher i HEPRESH HPCREPEIYY AT ITGRPDFACY METE G FRESHA SHAEASOL he

| um nous fl(ﬁ;(r%rom,the second |light source is Iargler than the intensity of
t

the |ighte? Hleshe prismaldbBnd The tthasauplatrisl 42 ix Flsensalbed fa r st

| i ght source. _ ) ) )
half-wave plate, and is made of, for example, white mica, a synthetic

resin exhibiting a double refraction phenomenon or the like. The
phase plate 142 causes a phase difference of half the wavelength of
the incident luminous flux between electric vector components
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+8S) 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 structures 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



3. Anillumnation optical systemaccording to claim11, wherein the

| um nous flux fromthe second |ight source has an intensity peak in the
speci fic waveband. 4. An illum nation optical system according to claim1,
wherein the replacenment optical systemincludes: a |light synthesis device
synt hesi zing and emtting a | um nous 42 flux incident fromthe first

| ight source as a first linearly polarized |um nous flux polarized in a
first polarization direction and a Iug%nous flux incident fromthe second
| ight source as a second linearly polafized | um nous flux polarized in a

rocond PRUBGLARL A 62 Wl e ML BARL BB SRR R MRS VoL

rotating on polar olarizatro onin the

specific veband ip the LunmpqQus_flu mtted fromthe li.ght synthesis
covi ce t SRR B BT ot al 5l Gan b Raci b o3ar 48 BEOR, B The g on y
i ght polarized,in, the gecond ol ari zation directi orlli n the specific
waveband 1Re gRE1GaHRNE GuReam Rakhy ¢10s8  hatehingds naynthaWni hesi s device to
the first polarization direction, and a polarizing device allowi ng only a
linearly pol ardgehowiiinobEGel $xand 6héheisteucpares pfdheolydiveelanion in the
| um nous flux emtted fromthe polarization rotating device pass through.

5. An il lpovtoen i &8 optrid altheyspelareggtiodi ngohvediing m devicher 24n are

repl acenent optical systemfurther includes a first polarization nmeans

em tting «ubistaaoidlyy phleashird akuthaxeust fthexflgneyd ddnbk ripeatidve 13 ragid | i ght
source as the first linearly polarized flux polarized in the first

pol ari zatfian ghilaeffatitth @hdriithg | @d¥iceyNUhakiowtleM CRIGYntdhesideg. and
emts the lunmnous flux incident fromthe first |light source through the
first However, while a luminous flux emitted from the polarization
converting device 14 is the P-polarized luminous flux, a luminous
flux emitted from the polarization converting device 24 is the S-
polarized luminous flux S.
A third lens array 231 which is a part of the fly-eye lens
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 crystal 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



43 pol ari zation nmeans as the first linearly polarized |umnous flux and the
| um nous flux incident fromthe second |ight source as the second linearly
pol ari zed | um nous flux polarized in the second pol ari zation direction. 6.
An illumnation optical systemaccording to claim1l, wherein the

repl acenent optical systemincludes: a |ight synthesis device synthesizing
and emtting a lumnous flux incident fromthe first |ight source as a
first linearly polarized | um nous qu?BpoIarized in the first polarization
direction and a lum nous flux incident"fromthe second |ight source as a

secondliisezfa\r . ri lyum . | apl ' | arization
di recti on, aelp%lltgﬂji}gea% @gaﬂl rlgggl?l :%lr% Q(Lél\l’}lé 821% s%‘?%%f?@a ygr%’? gg?‘ﬁ%&gﬁﬂgy/ | i ght
pol arized in the first Rolayization directih,on in a waveband other, than the
speci f i cq\ﬁNe%lg%el?% 1Bhe§ ghili?g:]l%n? |%{a3n{2??e§p Aol SRRSTIGRESE ihehesi s
device to thﬁ econd gqiarization di rection and selﬁcfively rofating only
li ght polSRRZeMMeRS 18uXeH Npene 3 Bekhedn eAMNBH HLANQRY ot her
than the specifi¢ waveband in the lumnous flux emtted fromthe |ight
synt hesi eratifpdelnogm the rlpnst elemments, ol the dovath i loms anen 922 avezi ng
device allowing only a linearly polarized |umnous flux in the second
pol ar i zatdomdedisedcon surfaceshef therlipud diystal pasnebsnidORe GG emd HOR
pol ari zation rotating device pass through. 7. An illum nation optical
system adyorai egndensdrailend, 28hesdrd nare superimposed on one another

thereon.

The polarization converting device 24 disposed at the back of

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 where a PS separation film is formed. The PS separation

prism 241A is positioned 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



the repl acenent optical systemfurther includes a first polarization nmeans
emtting a randonmy polarized lumnous flux emtted fromthe first |ight
source as the first linearly polarized flux polarized in the first

pol ari zation direction, and the |light synthesis device synthesizes and
emts the lumnous flux incident fromthe first |ight source through the
first polarization neans as the first linearly polarized |um nous flux and
the lum nous flux incident fromthe sgiond | i ght source as the second

i nearly polarized | um nous flux pol afi"zed in the second pol ari zation

O Loet P eafgafl LR 08! TR N AR U "Phd Pk T
devi o copierLin gl B poue Lo (Lombhe LLTEL Light source (L @ Tivs
directi Ondirgctsiggoggdpi?lllgré?p%tlglqige?lo?l\llglrigi)gg fdlﬁ\)/(i %ewchcigl\{ega{vrzz sainI lélm nous
direction orthogonal to the incident direction.
The phase plate 242 has a plate shape with the same size as
that of an emission surface 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-polarized 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



flux fromthe second |ight source into a second linearly polarized | um nous
flux polarized in a second pol ari zation direction orthogonal 45 to the
first polarization direction, a |ight synthesis device synthesizing the
first linearly polarized |um nous flux and the second linearly polarized

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

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

| um nous flux emtted fromthe first ﬁglarization converting device from
the first polarization direction to t second pol arization direction, and

: ' . . di . | nous, f Lt ed th
Cocond odPsr 8% Heroto Sl Ao Bludlih bHE' @%ég’ﬁdieg{léﬁ BPbf g o e
di . fir lari Con. di i on, L .
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direction in the | um'%?us flux emjtted fromthe polarization rotating

devi ce pa&eParationypyniesay devigai Het the rplarizatien satatne: §edisty 1o cl ai m

1, wherein the replacenment optical systemincludes:
and the polarizing plate 18 in order, and travels toward the second

optical system 2 disposed next to the first optical system 1. On the
other hand, a luminous flux L2 emitted from the second light source
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
component light from the mixed luminous flux (L1+L2), and reflects
the red component light in a direction orthogonal 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

direction orthogonal to the incident direction. A blue component



a first polarization converting device converting a lumnous flux fromthe
first light source into a first linearly polarized |um nous flux polarized
in a first polarization direction, a second pol arization converting device
converting a lumnous flux fromthe second |light source into a second

i nearly polarized | um nous flux polarized in a second pol arization

direction orthogonal 46 to the first polarization direction, a |ight
synt hesi s device synthesizing the fi :na linearly polarized | um nous fl ux
and the second linearly polarized |unfhous flux, a polarization rotating

device sglactively raotati t he, pgl arji. zati.on_direciiQon of only light in a
vvavebandeib@htebatvh%% ptaﬁgegp opgl @b%‘ 1f HREET 'rﬁﬁféeﬁmog it ted from
the first . polarizatiopn conyerti deyjce fromthe first poqlarization

di r ect i orfBeoCeIHe R AT, Spg arq"%gtq? FRiwictee tifod, AHRELIOHY ‘A’Eq%r?@ to

pol ari zation direction of the |lumnous flux emtted fromthe second

pol ar i zatthenineademtl dinegtion brdherwaflective suigrer 8dari zati on direction to
the first polarization direction, and a polarizing device allowing only a

| i nearly pol arAfter thenretbgemiganerntnlight refleshed moi shée ithosicdinimemi on in
the lum nous flux emtted fromthe polarization rotating device pass

t hr ough. 38R idwreflebted mata direcpivincedthogenahtactdaer toidehd diteitior byf urt her
conprising: a first uniform zation optical systemfor naking a |ight

i ntensi t whdi séfledvivé anikirf 870 htteweed ddigpbheat liglhip w885 Ghradght he

repl acenent optical system 11. An illum nation optical system according to

cl ai m 10khwhesidehser lens 38R, and enters 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 is reflected in a direction orthogonal to the incident direction by
the 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 color component lights. After the intensity of each
color component light emitted from each of the liquid 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,



fluxes by the plurality of

47 the first uniform zation optical systemincludes: a first |lens array
including a plurality of lens elenents two dinensionally aligned, and
separating an incident lumnous flux into a plurality of small | um nous
| ens elements to emt the plurality of snal
| um nous fluxes, then condensing the plurality of small |um nous fl uxes,

and a second lens array including a plurality of lens elenents two

di mensional Iy aligned correspondi ng tg the plurality of small | um nous
fluxes fromthe first lens array, and &
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illum na
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distribution uni form between the second Iltg;\}t1 source and the repl acenent
e

ot Br P aRGIPE R AP syst emfor naking & 11ght i ntensity
syst emne shape of each lens element o first and the third lens
arrays 131 and 231 is similar to the shape of the liquid crystal panel
40, and they have a image conjugate relationship. Therefore, as
shown in FIGs. 2 and 5, each small luminous flux having passed
through each lens element of the first and the third lens arrays 131
and 231 is magnified and projected on the liquid crystal panel 40,
and is superimposed thereon. Thereby, even if the intensity
distribution in the cross section of the luminous flux is not uniform
before the luminous flux enters to the first and the third lens arrays
131 and 231, the illuminance distribution on the liquid crystal 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
1s schematic sectional views showing the polarization directions of
the luminous flux L1 and the luminous flux L2 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, 3, 5, 7A and 7B, the polarization

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

mtting the small |um nous fl uxes



13. An illum nation optical systemaccording to claim 12, wherein the
second uni form zation optical systemincludes: a third I ens array including
a plurality of lens elenents two dinensionally aligned, and separating an

i ncident | um nous fl ux 48 into a plurality of small |um nous fluxes by
the plurality of lens elements to emt the plurality of small | um nous
fluxes, then condensing the plurality of the small |um nous fluxes, and a
fourth lens array including a plurali ¥ of lens elenments two dinensionally
aligned corresponding to the plurality of small |um nous fluxes fromthe

third | engoapiane,did SRHAN0 408 SR | pitinus | gKasJict denis.f rom the

| ens el enents of the thrr éns array in-a direction Where the sna

UL pfollgf(i%%t%rne(feu p%rnldqulsaei\*dtoo&é) B%p%%tlg%%) is indicated with "e".

At first, referring to FIGs. 1 through 6, functions from the
first light source 11 to the PS separation/synthesis device 16, and
functions from the second light source 21 to the PS
separation/synthesis device 16 will be described below.

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 luminous 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
1s separated into a plurality of small luminous fluxes by each lens
element (refer to FIG. 2). Each of the small luminous fluxes passes
through the proximity of the center of each corresponding lens
element in the second lens array 132, and the small luminous fluxes
enter into the polarization converting device 14 while condensing.
In the polarization converting device 14, almost all of the small
luminous fluxes separated from the luminous flux L1 which is the
PS polarization mixed luminous flux is converted into the P-
polarized luminous fluxes, and the P-polarized luminous fluxes
enter into the condenser lens 15 while diverging (refer to FIG. 3).
The P-polarized luminous fluxes having passed through the
polarization converting device 14 are converted into substantially

telecentric luminous fluxes by the condenser lens 15 to enter into



14. An illum nation optical systemaccording to claim1, wherein a central
axis of the lumnous flux fromthe second light source is orthogonal to a
central axis of the lumnous flux fromthe first Iight source. 15. An
illum nation optical systemaccording to claim1, wherein the specific
waveband is a red waveband, and the second light source is a light-emtting
diode or a red laser having a peak in the red waveband. 16. An inage

di spl ay apparatus, conprising: an ilkyﬂination optical system 49 a
spatial nodul ation device using a lu ous flux emtted fromthe

1T um nat},8rp @RELG3ht BRI Weyidd2g! on 11ght, and

The luminous flux L2 emitted from the second light source 21
enters into the collimator lens 22 while diverging. The collimator
lens 22 converts the luminous flux L2 into a luminous flux
substantially parallel to the optical axis 20, and emits the luminous
flux 2. The luminous flux L2 is a PS polarization mixed luminous
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-polarized luminous fluxes having passed through the
polarization converting device 24 are converted into substantially
telecentric luminous fluxes by the condenser lens 25 to enter into
the PS separation/synthesis device 186.

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

separation/synthesis device 16, the polarization rotating device 17



carrying out selective spatial nodulation on a pixel dot basis to forman
optical image, wherein the illumnation optical systemconprises: a first
| i ght source, a second |light source having a different em ssion spectrum
froma wavel ength spectrumof the first |ight source, and a replacenent
optical systemreplacing light in a specific waveband in a |um nous fl ux
fromthe first Iight source with a lumnous flux fromthe second |ight
source. 17. An inmge display apparatug according to claim16, further
conprising: a projection |ens project %g light emtted fromthe spatial

modul ati gy ﬁ%ﬁé%l‘a 1zﬁ‘ng lagp: 181§v131%§k g%a?' %Pﬁrgé’g% oa&f‘%iquz@gﬁg[dhf‘gpf gy

cl aim 16, erein t évi cé
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FIG. 7A shows the polarization direction of the luminous flux
L1, and FIG. 7B shows the polarization direction of the luminous
flux L2,

As shown in FIG. 7A, almost all of the small luminous fluxes
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 from the PS
separation/synthesis device 16 to enter the polarization rotating
device 17. A few S-polarized luminous fluxes in the luminous 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 luminous
flux including ﬁhe S-polarized luminous flux which is the red
component light and the P-polarized luminous flux which is a color

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



spatial nodul ati on device carrying out selective spatial nodul ation on a

pi xel dot basis to forman optical image, and the nethod 50 conpri sing
the steps of: emtting a lumnous flux froma first light source emtting a
| um nous flux froma second |ight source having a different em ssion
spectrum from an em ssion spectrumof the first |ight source replacing
light in a specific waveband in the lumnous flux fromthe first |ight
source with the lum nous flux emtted iron1the second |ight source and
guiding the lum nous flux fromthe fiPst i ght source in a state where the

LM A S B ARG 8 B e RSl om e
having passed through the polarizing plate 18 is the P-polarized
luminous flux. In other words, the luminous flux L1 emitted from
the first light source 11 becomes the P-polarized luminous flux from
which the red component light is removed.

On the other hand, as shown in FIG. 7B, almost all of the
small luminous fluxes in the luminous flux L2 which enter into the
PS separation/synthesis device 16 are the S-polarized luminous
fluxes. The S-polarized luminous fluxes in the luminous flux L2
are reflected on the separation/synthesis surface 16A in a direction
orthogonal to the incident direction (that is, a direction parallel to
the optical axis 10) with hardly any loss, and are emitted from the
PS separation/synthesis device 16 to enter into the polarization
rotating device 17. A few P-polarized luminous fluxes 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 polarization 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 degrees. 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 luminous fluxes pass through
the polarizing plate 18 disposed next to the polarization rotating

device 17. In other words, the luminous flux L2 emitted from the
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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 waveband 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 (L1+L2)
including the 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 spectrum in the red
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waveband W in FIG. 8B. In other words, the red component light
which is insufficient 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 so as to keep an excellent
intensity balance among color component lights of R (red), G (green)
and B (blue).

As described above, in the illumination optical system and the
liquid crystal display apparatus according to the embodiment, the
wavelength 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 in the PS separation/synthesis device 18, the
polarization direction of a specific waveband in the luminous flux L1
and the polarization direction of the specific waveband in the
luminous flux L2 are rotated by the same polarization 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 replaced perfectly coincide with each other. Therefore,



mVy 10%@& ()- 10%@& ()- L10%@& ()- 10%@& ()-s 10%@& ()-,t10%a& () -
10@ !'dYNOy 10% 10@ 10@ 10@z 10%@& () - 7109%@& () -y5z10%@& () - &

109 ()-S$10%@& ()-!'#D !'"$uj @ 10,t10%& () -
109 ()-10%@& ()-$O7vUi[ M?1 10@@ 10@@ 10@ & 10%@& () - &

s 10%@®& ()-3s 10%®B& ()-30 (" "##°?41 1 10731
()-s! s 10%<& ()-s 10%0& ()-! sy 10%-& ()-sy

10%¢#8& () -
10%@& ()-'s 10%, & ()- 3!

1090 &

1098 () - S1096T& () - #####>$$$%N T 10%R ()-  10%@ ()-

the replacement with a desired waveband can be accurately and
easily carried out.

Moreover, as the red waveband W can have a sufficiently
strong peak, an adverse effect on the color rendering properties
which a peak of a yellow light component or an orange light
component in a waveband ranging around 580 nm causes can be
reduced to a practically insignificant extent.

The present invention 1is 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
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LOITE () farized lamihons fux in the first polarization direction (P-
polarization direction) in a linearly polarized luminous flux emitted
from the polarization rotating device 17 passes through the
polarizing plate 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 the 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
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second light source 21, thereby the replacement of the red
component light is carried out, but the invention is not limited to
this, and the replacement of any other color component light may be
carried out. For example, when a lamp having an insufficient blue
component light is used as the first light source 11, a blue LED or
the like may be used as the second 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 other kind of light source. Further, the
polarization converting devices 14 and 24 may be simple
polarization filters.

Moreover, the above-described specific waveband may include
a part or all of the peak waveband of the yellow light component or
the orange light component in a waveband around 580 nm in
addition to the red waveband, and the above red waveband in the
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 may 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
spectrum from the emission spectrum of the first light source, and

the replacement optical system replacing light in a specific



10T& 1090& ()-! 10%7& ()- 1099& ()-!sy 10%-& ()- nWK X\UW _] ]a]b]}SH=
10T 10T 10TL3 10%& ()-G 109%R2& ()-f 10%& ()-f !y 109%R2& ()-Y'y
1099°& ()-Yb]le] __Sb cacbccc”PB4 10TT 10TT 10TT! °~ 109 T& ()-3° 10%& ()-3!s
10922& ()-s 10%& ()-10%& ()-ccfceC hDhliJi~"?44 10@Q.3 10%& ()-G "
10941& ()-" 10%@& ()-!s 10%@& ()-s 10%@& ()-10%& ()-JiKiLiGjjlljH4s 10@
109R22& ()- 10%& ()-'s 10% (& ()- s 10%& ()- 10%& ()- 10@ 10@ oo
00006pr @ 10@ 10% & ()-! z 109%XX& ()-5% 10% & ()-s10%& ()- 10T 10T

waveband in the luminous flux from the first light source with the
luminous flux from the second light source, so the 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. Therefore, a
white balance can be kept without reducing illuminance more than
necessary, and superior color rendering properties can be exhibited.

Moreover, in the illumination optical system according to the
invention, the luminous flux from the second light source has an
intensity peak in the specific waveband, so while maintaining higher
illuminance, superior 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 polarization 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 orthogonal to the first polarization direction,
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
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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 the
polarizing device allowing only the linearly polarized luminous flux
in the first 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
intensity 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 included between the second
light source and the replacement optical system, so the illuimnance

distribution in a projected image finally obtained can be made more
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uniform.

Still further, in the illumination optical system according to
the invention, the specific waveband is the red waveband, and the
second light source is a light-emitting diode or a red laser showing
the light intensity distribution in the red waveband, so when a light
source having an insufficient red component light such as a super
high pressure mercury lamp or the like is used as the first light
source, a replacement with the red component light in the second
light source can be carried out. Specifically, the red waveband in
the second light source has a peak, so 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
spectrum from the emission spectrum of the first light source,
replacing 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
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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. Therefore, a white balance can be kept
without reducing the illuminance more than necessary, and superior

color rendering properties can be exhibited.
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CLAIMS

1. An illumination optical system, comprising:

a first light source;

a second light source having a different emission spectrum
from an emission spectrum of the first light source; and

a replacement optical system replacing light in a specific
waveband in a luminous flux from the first light source with a

luminous flux from the second light source.

2.  An illumination optical system according to claim 1,
wherein the intensity of the light in the specific waveband in the
luminous flux from the second 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

-@
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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 polarization rotating device pass through.

5. An illumination o.ptical system according to claim 4,
wherein

the replacement optical system further includes a 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 polarization direction, and

the light synthesis device synthesizes and emits the luminous

flux incident from the first light source through the first
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polarization means as the first linearly polarized luminous flux and
the luminous flux incident from the second light source as the
second linearly polarized luminous flux polarized in the second

polarization direction.

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
luminous 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 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 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
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7. An illumination optical system according to claim 6,
wherein

the replacement optical system further includes a 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 polarization direction, and

the light synthesis device synthesizes and emits the luminous
flux incident from the first light source through the first
polarization means as the first linearly polarized luminous flux and
the luminous flux incident from the second light source as the
second linearly polarized luminous flux polarized in the second

polarization direction.

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

the replacement optical system includes:

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

a light synthesis device synthesizing the first linearly
polarized luminous flux and the second linearly polarized luminous
flux,

a polarization rotating device selectively rotating the
polarization direction of only light in the specific 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 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 systerﬁ includes:

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

“xy
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to the first polarization direction,

a light synthesis device synthesizing the first linearly
polarized luminous flux and the second linearly polarized luminous
flux,

a polarization rotating device selectively rotating the
polarization direction of only light in a waveband other than the
specific 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 comprising:

a first uniformization 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
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the first uniformization optical system includes:

a first lens array including a plurality of lens elements two-
dimensionally aligned, and separating an incident luminous flux
into a plurality of small luminous fluxes by the plurality of lens
elements to emit the plurality of small luminous fluxes, then
condensing the plurality of small luminous fluxes, and

a second lens array including a plurality of lens elements two-
dimensionally aligned corresponding to the plurality of small
luminous fluxes from the first lens array, and emitting the small
luminous fluxes incident 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
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into a plurality of small luminous fluxes by the plurality of lens
elements to emit the plurality of small luminous fluxes, then
condensing the plurality of the small luminous fluxes, and

a fourth lens array including a plurality of lens elements two-
dimensionally aligned corresponding to the plurality of small
luminous fluxes from the third lens array, and emitting the small
luminous fluxes incident from the lens elements of the third lens
array in a direction where the small luminous fluxes are

superimposed on one another.

14. An illumination optical system 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 waveband, 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,
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from the illumination optical system as illumination light, and
carrying out selective spatial modulation on a pixel dot basis to form
an optical image,

wherein the illumination optical system comprises:

a first light 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

luminous flux from the second light source.

17.  An image display apparatus according to claim 16,
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 illuminating 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
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comprising the steps of:

emitting a luminous flux from a first light source;

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

replacing light in a specific waveband in the luminous 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.



