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| LLUM NATI ON OPTI CAL SYSTEM AND PRQJECTOR COWPRI SI NG THE SAME BACKGROUND OF
THE I NVENTION Field of the Invention The present invention relates to an
illum nation optical systemand a projector provided with the sane.

Description of the Related Art Fig. 11 is a perspective élhg\yénzl%ce}%ggdt he

appearance of a typical projector. Here, a rectangular para pi pe

proj ector 501 includes an upp se 503 which defines the upper surface
thereof and is provided with %B’e"f@t :Sﬁ % t tYNENFFONYi sposed thereon, a

| ower case ' f he | ower surface of the projector 501 and a
front case Igg‘éwoggpipﬁg?#hﬁyﬁrgﬁtﬁ%% rHREEE GFOR (KOMRR NG THEDSAME her e
is a projection | ens 506, the front end portion of which protrudes fromthe
front case 505. A known optical systemin such a projector is constituted,
for exanple, as shown in Fig. 12. That is, the projector is provided with
an illum nation optical syRASRGREYNID ORTEIHENGINWENTIONMI nation distribution
of light froma |Iight source 510 uniform and naking the |ight incident on

liquid cryBigldpafietbe530Ren5506, 550B with the |ight having the sane
pol ari zation. The projector also includes a color beam1 6 Novenber 2004

splitting opticarhsystesrBSankentiph telages heam mmaseisa%%w@al
illum nation optical system 520 into red, green, and blue beans R G B,

respectivesystamdaadr &l E).‘o@@bh:@a' pE¥elia@ao A thok K igig, t he bl ue beam B
out of the beans split by the color beamsplitting optical system530 to
the liquid crystal panel 550B associated with the blue beamB. The

projector further includes the three liquid crystal panels 550R 550G 550B

as |ight n@@ig@@iﬂ,@gogeggstg?ngng]aat h0g the respective col or beam
according to given 1nmage i nformation, a cross dichroic prismb560 as a col or

beam synt hesi zi ng. optyical. system for .synthesizing,the nodul ated respective
col or beans andr%l I oljleesl %np%gﬁgegéévg view showing the appearance of

a typical projector. Here, a reetangular parallelepiped
projecto;' 501 includes an upper case 503 which def-ines the upper
surface thereof and is provided with operating buttone 502
disposed thereon, a lower case 504 whichdefines the lower surface
of the projector 501 and a front case 505 which defines the front
surface of the projector 501. There is a projection lens 506,
the front end portion of which protrudes from the front case
505.

A known optical system in such a projector is constituted,
for example, as shown in Fig. 12.

That is, the projector is provided with an illumination
optical system 520 for making an illumination distribution of
light fromalight source510uniformand makingthelight incident
on liguid crystal panels 550R, 550G, 550B with the light having

the same polarization. The projector also includes a color beam



for expandi ng and projecting the synthesized beans on a projection screen.
As shown in a schematic view of Fig. 13 showi ng an action of the
illumnation optical system in the illum nation optical system 520, |ight
emtted fromthe light source 510 is split by a first lens array 521 into a
plurality of sub-beans and nade incident on a polarizati ABEE ehAN

el ement array 523 via a second |l ens array 522. Then, theaqg%\fearl ggtﬁP‘gn

conversi ong Il%%&tnrgaé BYc 223yt A r%%%f ﬁgﬁ?ri@éiigg 4 BR PR RGGU Ny FHbybeans

with the sa pol ari zati on. Thereafter, 't sub-beans are superinposed on

t he i mage L d t Lqui t panel s. 550R, . 550 50B by a
superinpos%ﬁ%nbgggﬁg§§F9E9 ?ﬁFéhggt?%%?gﬁrégqIﬁﬁhﬁrﬁﬁéimgqﬁﬁﬁ’SEPQSQE%%n1520
uniformy %Ilunigans t he re3£ecti e liguid cigstal anels 550R_ 2 6
Noverber~ 2863 1850GC SB0E PSRBT ShE- ANha! BFLIECRT LREL S 4RT SROCERT a1l
over the pro}gction screen when_an inmage is displa{ed by a projector or the
li ke, ther@B% ¢Bt PR RI IR PEITR SR PENC T beaiimasp lAtgRY ddit £IOTaReEBYer

t he i mage. However, when an inage is projected in a size smaller than
preset siz8Phytaingi QPHQCQ-&cW%t@@v%fg Ybhey Lhayher coys§aiinpanel 5508
unnecessarily excessive light is projected on a projection screen so that
the i mage degofdatedoigiurhadliue beam Bt Theqursjaered furdhea jnoledss on
lens is provided with a variabl e diaphragm as neans for solving this
probl em Ashe tbsebt ligoidverystadi ganklsedGOryf 353085 prajEstaon ignms is
significantly limted, that is, the size of the projection lens is

i ncreased moduldeihypaeahberoef manalhitiniged han ¢ st i IR Qe aliE
| NVENTI ON The obj ect of the present invention is thus to provide an

i 11 umi nat i gecopaiegl t6Y§iesn CaRakd 61 0f o Fid i G Ni é‘%f&:@@e&ié’ﬁ&ﬂ& ’]iféf’sn‘?f
u

optical equi pnent and adjusting the brightness as required wtho

degr adi ng sigsians toaedose o sgrgﬁ@lresq&t&ie@%ﬁ\g %é%%%é&&# £42 sﬁqrpéﬁéﬁfﬁng

optical system and a project provi e ‘sane. um na

ool SN S 0B BB AR BLLS BRI FURL S0,
source intgn BLULAkIAY §haSHRoDEAMEngP:RY AYhEALY} 2PN o o ement 3
| 'projection screen. . |
As shown in a schematic view of Fig. 13 showing an action
oftheilluminationopticalsystan,intheiiluminationoptical
system 520, light emitted from the light source 510 is split
by a first lens array 521 into a plurality of sub-beams and made
incident on a polarization conversion element array 523 via a
second lens array 522. Then, the polarization conversion
element array 523 is allowed to provide the respective sub-beams
with the same polarization. Thereafter, the sub-beams are
superimposed on the image forming area of the liquid crystal
panels 550R, 550G, 550B by a superimposing lens 524.
By this action, the illumination optical system 520

uniformly illuminates the respectiveliquidcrystal panels 550R,




6 Novenber 2004 including a polarization beamsplitter array that splits
each of the plurality of sub-beans into two types of polarized I'ight, the
pol ari zati on beam splitter array having a plurality of polarization
splitting filns and reflective filns which are alternately arranged, and a
phase el enent di sposed on the emtting surface side of t [ j on
beam splitter array to align the light polarization di re%ﬁ%%bﬁjg#é%% t wo
types of polsaigzedshi : Id Leldi [ Lk ]

O ety P S S Bp 1 s 2l THT A nEvRht B FLE ooy

gquantity of incid t on ari zation irtting

shi el di ng e LNg : RL.OVI tween the beam.splitti el epent. and -t he
pol ari zat i gﬁq%eéﬁqggbeﬁigtl@grggé??%@%%h%@qﬂ%?? Ve gﬁ%"b}ﬁXﬁ&%% BHPTPHECTOr
incident light,on an object to be illuymnated can be adjusted wi thout
it ng deSitghner LEkBm GrenttRe FOs it R CorBroUCA RS F fF Gecm BAgh
optical system In addition, appropriate adjustnent of the quantity of the
i nci dent 1 i GRATEGST idddt V&t T8 oMtRge{ i fe of equi pment to be ill uni nated
such as an el ectro-optical device illumnated by this illum nation optical
system The |i ght HSWE¥Ei,igheR@feimade Iepaoleghedsin ¢ ding gladtleptounded
with a plurality of light shielding portions and apertures corresponding to
t he pol ari zrresetspl ze byngt 111 nbnascohed destiicechd v ing hhnthdrsbmbyabhyss,

di sposed al ong the pol ari zation conversion elenent. Al so, the |ight

shi el di ng nenhecessnridyennsdsdineligitd sprsfddtied oh appfajeetidh §8teen
shielding plates to adjust the quantity of the incident |ight by noving any

ones 4 6 dovenderth@habbepesdme Bt igNA RS Cordsder st §Becahanh bty of
the incident light can be easily adjusted. Ln the above case, when a

plurality ofnhktoht pﬁbi[i_ Ldipg pkakess aﬁ']ﬁoéiéeasﬁﬂtﬁ% rféf’?é‘ i@gdié’}t)ltnggmf

plurality of polarization splitting filns, respectively, the quantity o
the incidenigli ' ' h rl j.on itring film
t her eby i nprsoﬂér:l%{sp?ggi gs}?%%#%%lﬁg é%?l&g?ﬁnen?ﬁ]’ %hfe(‘;ﬂigﬁ‘[ h?%eéflegz’n%e%%er

b ' di I Gh [ i ly.red ' f th
i dent. | phecaam o8N BESIRCO A M b1 e S ERn T, iR Aot that "
0 the var i bt ST LG BPE PEPAREEALTS] S18 i WRE SRR PPEy EDE hess

incident light on_the pgl,a‘r.iz tion splitting filnms can be reduced by
changi ng wi'HFEE3F #R8 LLPEECdTRPE 8- PRbI e di aphragm can al so adj ust a
quantity of incident light on an object to be illumnated without limting

design freedom of other optical systems such as a projection optical
system thereby contributing to a longer life of equipnent to be

il lum nated such as an el ect ’iOM3ARE HF JEHE CENVERTRPNated by this
illumnation optical system The light shielding nenber is preferably
conposed of mnetalThe ghiiegt af Hehe myesemptircedntisin etd artoes dfo §frowidearor e.
Since heat absorption in the |ight shielding nenber is retarded by using

such a nat e a@llluninghtos et dial syestban cipab b o Bgna e Dgi ey gel J et
heat resistance can be obtai ned even under high 5 6 Novenber 2004
brightness of optical equipment and adjusting the brightness
as required without degrading design freedom of other optical
systems such as a projection optical system and a projector
provided with the same.
An illumination optical system comprising: a light
source; a beamsplitting element including a plurality of lenses

that splits light emitted from the light source into a plurality

of sub-beams; a polarization conversion element



bri ghtness conditions. Meanwhile, a projector of the present invention is
conprised the illum nation optical system as descri bed above and an

el ectro-optical device that nodulates the Iight emtted by the illum nation
optical system This projector may be further conprised a col or beam
splitting optical systemfor splitting the light emtteg @y, r 2004
I1lumnation optical systeminto beans of three colors, a plurality of the
el ectro-optical devices for nodul ati ng each of the col or beans split by the
col or beamigpliudtinggaopelanization beam splitter array that splits each

syst em acol or beansynt hesi zi ngopti cal syst enf or synt hesi zi ng nodul at ed beans
of each cobdr thaenglarpildjtgcbiforsdbensdme jr) ects ngyhée synpbesrzeddbeans.
Ef fects of the above-described illum nation optical systemare specifically

denonst r at edght, tthe g¥IQiEicialioBBelm PESCREBFI AN ndE MRAVE NG Figy . 1
Is a plan view showi ng an optical systemof a projector according to an

enbodi nent oefpd Ner Pi £6EMM dg!l‘ﬁﬁlﬁilr?{‘?fiﬁin&- agdl fe flleSXPrENBL Y wHiBY Qfean
illum nation optical systemconstituting the optical systemin Fig. 1; Fig.

320 15, PaLe By BRdafea,S ) o i M hisplAE o e

show ng thgmﬁeggﬁﬁagﬁffgéefgide of the polarization beam splitter array
to align the light polarization directions of the two types of
polarized light; and a light shielding member that adjusts a
gquantity of incident light on the polarization splitting films,
the light shielding member being provided between the beam
splitting element and the polarization beam splitter array.
Conseguently, the quanti?y of the incident light on an object
tobeilluminatedcanbeadjusfedwithoutlimitingdesignfreedom
of other optical systems such as a projection optical system.
In addition, appropriate adjustment of the quantity of the
incident light contributes to a longer life of equipment to be
illuminated such as an electro-optical device illuminated by

- this i1llumination optical system.

The light shielding member may be a 1ight shielding plate
provided with a plurality of light shielding portions and
apertures corresponding to the polarization splitting films and
reflective films and is movably disposed along the polarization
conversion element. Also, the light shielding member may be

constituted by a plurality of parallel light shielding plates

to adjust the quantity of the incident light by moving any ones



6 Novenber 2004 a pol arization conversion elenent array; Fig. 5is a
schematic view show ng an action of the polarization conversion el enent
array; Fig. 6 is a front view showi ng an exanple of a light shielding plate
for adjusting a quantity of incident |ight on polarization splitting fil ms;
Fig. 7 is a front view show ng another exanple of a |ighg l@@eﬁ*b@i’ﬂ@?@' ate

p

for adjusting the quantity of incident light on the polarization splitting
films; Fig. 8 is a schematic view showi ng an action of an illum nation
optical systkeraeEor &hysitodt hecsaimriiberd . ¢he gEanpidm pértheiigicigland an
enl arged view showing the vicinity of a site where the |ight shielding
pl ate in thelopt cealbesyas ehy ad jEsgeds i nphevakiede cBisg., wlten 8 pd usaiartst i ¢
perspective view showi ng an exanple of a variabl e di aphragm for adj usting
t he quanti tyf aliginci sletw1dimghtpbatesl arezai spossedl corires pbinkditg Fog.thkl i s
a perspective view show ng the appearance of
plurality of polarization splitting films, respectively, the
quantity of the incident light can be adjusted for each
polarization splitting film, thereby improving precision of the
adjustment.

The light shielding member may be a variable diaphragm
which arbitrarily reduces the quantity of the incident light
on the polarization splitting films censtituting the
polarization conversion element. In this case, light
transmitting portions of the variable diaphragm are formed as
slits and the quantity of the incident 1light on the polarization
splitting films can be reduced by changing widths of the slits.

This variable diaphragm can also adjust a quantity of
incident light on an object to be illuminated without limiting
design freedom of other optical systems such as a projection
optical system, thereby contributing to a longer life of
equipment to be illuminated such as an electro-optical device
illuminated by this illumination optical system.

The light shielding member is preferably composed of
metallic material having an optical reflectance of 80% or more.
Since heat absorption in the light shiélding member is retarded

by using such a material, a light shielding member or diaphragm

having excellent heat resistance can be obtained even under high



a conmmon projector; Fig. 12 is a block diagram showi ng a known optical
systemof the projector; and Fig. 13 is a schematic view showi ng an action
of an illum nation optical systemconstituting the optical systemin Fig.
12. 7 6 Novenber 2004 DESCRI PTI ON OF PREFERRED EMBODI MENTS Now,

enbodi nents of the present invention will be explained b f
exanple. In the foll ow ng expl anations, the traveling di?%@¥Q%$P%ﬁ§69%e

light is defhmieghtasess zzdahdecisms, the direction of 12 o' clock with respect
to the z-direction is defined as a y-direction, and the direction of 3

o' clock with respelankdillke zr PrPrdd Wy IS dafd n@lgiegénﬁ 51’1955?%1’1095 unl ess

ot herwi se specified. Fig. 1 is a schematic plan ew show ng

confi gurati eBmpf idkd kh&miRatigm QRtdE g,'pt%%tle g%%%{ %%;ﬁe%%ﬁii%tﬁ%e

a
proj ector according to an enbodi ment of “the preé agprecal
system i ncl yd@s, f hes-{1ai s | , Lght source unit. 2Q,, an optical
unit 30, and a prgect% %ﬁ%é%gﬁeyh%%ﬁgﬁ%alpogﬂi?tgﬁ F%egﬁsﬁ erikiced an
i nt egr at or tical . e Q0. descr.i bed | ater, a color beamsplitting
optical sys gnkggolaééﬁﬁggi%ﬂﬂwﬂgzﬁﬁﬁ S 386 and a reflective mrror
384, a relay optigﬁL s¥sten1 90 having an incident lens 392, a relay |lens
396 and .refiective hrrPbPdeS8RF B9y behdugphiegaicampiised ia ¢atohdrean
provided with three field |l enses 400, 402, 404, three liquid crystal panels
(of the typBPbitEiPIRRLERY SyAtam §RE splikying oRe 1106E AlDB: edbyatheoss
di chroic prism 420, which is a color beam synthesizing optical system The
li ght sourceliiRringbips gp§pesddsysteme ino deansicle diree fésBérs gns array
320 of the optical unit 30. The projection 8

plurality of the electro-optical devices for modulating each
of the color beams split by the color beam splitting optical
system,acolorbeamsynthesizingopticalsystemforsynthesizing
modulated beams of each color, and a projection lens for
projecting the synthesized beams.

Effects of the above-described illumination optical

system are specifically demonstrated in this projector.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig.1isaplanviewshowinganopticalsystemofaprojector
according to an embodiment of the present invention;
Fig. 2 is an explanatory view of an illumination optical
system constituting the optical system in Fig. 1;
Fig. 3 (A) is a front view and Fig. 3 (B) is a side view
of a first lens array constituting the illumination optical

system;

Fig. 4 is a perspective view showing the appearance of



6 Novenmber 2004 lens 40 is disposed on the em ssion side of the cross
dichroic prism 420 of the optical unit 30. Fig. 2 is an explanatory view
showing an illum nation optical systemfor illumnating the three Iiquid
crystal panels , which are the illumnated areas in the projector shown in

Fig. 1. This illum nation optical systemis conprised ad)j 200
provided in the light source unit 20 and an integrator oépl%l%g?b%g?g@gm 300

provi ded ig%% ni The integrator optical system 300 has the
first lens array ) aorgeéc%rh‘g%seﬁgna??%%}g%ﬁo‘?‘rﬁa fght shielding plate 350
and a pol ari zati &In conversion elenment array 360 to be described |ater, and
a super posi ng | edsB70. o asisrf%]q’?iflt%ev | SHRW1R%, 2 St 208h8hsthRl y main
conponents fqr explaining functjons of the illum nation optical system The
li ght sour ®&1FFF 3L IFHAYBERF XN £19MPRT sBIFRB7 | anp 210 and a concave
mrror 212. Radial beans emtted fromthe |ight source |anp 21D are

refl ected by theFédonca¥eafinardrvieeshayiagianexanplebé adl igint shhelddagd t he
first lens array 320 as a bundl e of substantially parallel light. Here, a
hal ogen | apgate fer ad jveEtiidey & gmandri ty bf ghoprdessut égherapylha2ipagasnbe
used as a light source lanp 210. A parabolic mrror is preferably used as a
concave m spddt2izag Higms3 (A) is a front viewand Fig. 3 (B) is a side

vi ew showi ng the appearance of the first lens array 320. This first

Fig. 7 is a front view showing another example of a light
shielding plate for adjusting the guantity of incident light
on the polarization splitting films;

Fig. 8 1is a schematic view showing an action of an
illumination optical $ystem according to the embodiment of the
invention;

Fig. 9 is an enlarged view showing the vicinity of a site
where the light shielding plate in the optical system in Fig.

8 is provided;

Fig. 10 is a schematic perspective view showing an example
of a variable diaphragm for adjusting the quantity of incident
light on polarization splitting films;

Fig. 11 is a perspective view showing the appearance of
a common projector;

Fig. 12 is a block diagram showing a known optical system
of the projector; and

Fig. 13 is a schematic view showing an action of an

illumination optical system constituting the optical system in

Fig. 12.



9 6 Novenber 2004 lens array 320 is constituted by arraying small |enses
321 each having a rectangular contour, in a matrix of Nx2 colums in the
vertical direction (here, N=4) and Mrows (here, M= 10) in the

hori zontal direction. The external shape of each small |ens 321 viewed from

the z direction is set to be alnost simlar to that of e f y qui d
crystal panels 410R, 410G 4108. For exanple, if an aspe%fﬁcr)éa%tni]t%)e??lobéé., t he
ratio of a horizontal to vertical dinmension) of the inmage formng area of a
liquid crystal panel is 4:3, the aspect ratio of each small lens 321 is
also set to the ratio o~ 4:3. The second |l ens array 340 has a function of
gui di ng each of a pl ur AEIGRIFT LM - PREERRRERJENPORIMENTSI rst | ens array'
320 so as to be converged onto each of polarization splitting filnms 366 of
two pol ari zat i on NofweREpdAmensA@ it e paps e861L,n\E6t 1 dMeiddberakp entnad r ay
340 is constituted by a plurality of small |enses 341. Th.e nunber of snall
| enses 341 helashedopamy asf terample t harsrald fodioesi MR lexpmatd € WiNg tihe
first lens array 320. The direction of |lenses of the first lens array 320

and second Hmnsehinqyd I tbyn et eibheighitets @ef e6bH08s of -Z HifKatign or
these arrays may face in the directions different fromeach other as shown

-in Fig. 2. dhe dieeptlian 2t 1D COMVEE Widh SRl 86l 8o 3Pt o 15
pol ari zati on conversion el enent arrays 361, 362 are di sposedll - drtect ons

P et T SRRSO R SHLSAPGRERR 42 T S ertol a1
respect to the z-direction is defined as a x-direction, unless
otherwise specified.

Fig. 1 is a schematic plan view showing the configuration
of an i_llumination optical system incorporated into a projector
according to an embodiment of the present invention. The optical
sy.stem includes three main portions: a light source unif 20,
an optical unit 30, and a projection lens 40. The optical unit
30 is provided with an integrato; optical system 300 described
later, a color beam splitting optical system 380 having dichroic
mirrors 382, 386 and a reflective mirror 384, a relay optical
system 390 having an incident lens 392, a relay lens 396 and
reflective mirrors 394, 398. The optical unit 30 is further
provided with three field lenses 400, 402, 404, three liquid
crystal panels (of the type of a liquid crystal light valve)
410R, 410G, 410B and a cross dichroic prism 420, which is a color
beam synthesizing optical system.

The light source unit 20 is disposed on the incident side

of a first lens array 320 of the optical unit 30. The projection



appearance of one pol arization conversion el enent array 361. The

pol ari zati on conversion elenent array 361 is provided with a polarization
beam sputter array 363 conposed of a plurality of polarized beam sputters
and ~./2 phase plates 364 (T, is a wavelength of light) selectively

di sposed on part of the light emtting surface of the polgay) i am
splitter array 363. The pol ari zati on beam sputter array 3%@!)%#%?823 by
successi vely ckin .plurality of pil]ar-shaped parallelogram]light
transni ssi vel%té%b%dr 53 3%%!%938?% ?ga‘f?%r?r%lpﬁsljtoﬂ fge Phstheecmmes rdifqlamive
films 367 are alte‘;ggtely formed, at _the boundaries of the Iight

transni ssi v kTbet <! 385, thReRti9abhy8étpPAtes 364 are sel ectively

| am nated on mappi ng portion in the x direction of the light emtting
surface of the polfardzat ioh aplexplawatoryev 366 showvhegr ehl édlime nhitlien
367. In this exanple, the 3~/2 phase plates 364 are |am nated on nmappi ng
portion in. tARECa speteofaf il heminghingrittet t mges Wifaciel ©fy$H&1 panels,
pol ari zation splitting film 366. The pol ari zati on conversi on el enent array
361 has a fwicidloaref thenikldmhgatadidenis Heatbel projeBeotYPEowh 14 @ﬂ%r.l y
pol ari zed beans. Fig. 5 is a schematic view showi ng the action of the

pol ari zat i on .cornéssi Mluml eaidn aptay adbdys Ve R sa ARHr POLR Iy €.
a beam havi ng a random pol ari zat gn) i nC|{Idi ng s-polarize aa%gg%?ggﬁg%iezed

conponent s iz@ow@vi@@athé@@ﬁht%dwégﬁf z%tgﬁ&gg.ﬂ{ é{? P9l arization
t i FEEELR TR

conversion el ement array 36Z, this incident béamis TeT PRESCEA 11

6 Novenber 20Q4 c$r g@loargjﬁﬁﬁ#%?@rg égac%tlplgéag][r itﬁ?ft g%@ge%l%ﬂf’htfg arization

splitting film366. Thé s-polarize nmos qrator
reflected o o] Lzati (R film366 and further reflected on
the refl ect Pgtgggﬁﬁmggék}éﬁ&ggh%?%t%& I%%gﬁ&, in?ﬂﬁ LY a4 %ed 5ESAEsLanEoned
to be transnqi d rough .t he pol.arization splitting film 366 renaining
unchanged. %&&23%:@&53 Bll 1"3 §2‘d—e‘| ld]gsd’[}?é% o & et 1o harizatier of
the p-polarjzed beamtrgnsmtted thrqugh the polarization splitting film
366 and t hi S°BYpoPAPTzEGEBERN ia§r@é’n\?«§%’téfd’ 5 slgfsimibeddlaeem anndtaen
emtted. Therefore, .nost of he light transmtted through the polarization
conversi-on BPRAERPSAPHaye861378-enitted as s-polarized beam It is noted
that, if the light eftted fromthe polarization conversion el enent array
361 needs to be prPofaFP:eEYbERM ckpdaNatlophafégpl &t ek mayl yendisposed
on the emtting surface fromwhich the s-polarized beamreflected by the
reflecti ve $PMAPBETLF Saanf¥pbdinApglony Eisishef daAreipdhainasibanseicde
~provided, a quarter-wave plates may be used. or, a desired phase plates may
be provi dedsyateme emtting surfaces of both the p-polarized beam and

s-pol ari zed beam |In the above polarization conversion elenent array 361,

one bl ock consti tTited ijhtoneupokar d 2 ats pRogRBE! ¥ eh fd h1g386s8H¢-Q
reflective film 367 which are adjacent to each ot her ang'g?ur?hercarh%q%

phase pl at & Bb&rohm s msorsragi @iso ©NEl PO Haldall Yo Hanvslsi eﬁgg{}? 368.
The pol ari zati on conversion el enent 12 6 Novenber Zooeﬁlﬂgﬂr%y iq%she

obt ai ned byl BflitaWdit-ce RladAabilby 296 sy ri ' ion_ el nts
368 in the xﬁ{ii rection. Si r?ge thg pol a??%g?%gnbgg%%%%sﬁ@né’% yrrlen’fc’% 362

has exact | ayddens; [ A e |.ari zation conversion
el enent array 3&%x%ﬁ%%?ﬁ%r%§& :jcg:twg%(dt It;e(}cfe. %ﬁ'%tg erganialﬁr&yn&z& ate

350 as a |ight j ' ' described.below. Fig. 6 is a front
vieM/shomﬁﬁ%péhaggggg%gg%f a |%#ﬁié%?§l%?ﬁ%i%?gtélgbg'adjusting a quantity
of incident |igh th olarization splitfi films 366. This |ight

shiel ding plate %‘?%r‘]‘%'sa §5‘3P§teé‘-¥z"i“‘i¥éf B%&%i‘éﬁé& TPt & gl Py ebsrrieng

| i ght shieldin ortions 351 for_shielding light and apertures 352 for
transmitti AgHSght L 3BPbBRATRS 88 3 AdIPEFRUTeR daam 280k f dcparabotllie
respective transparent nenbers 365 constituting a polarization conversion
el enent ar Py r860 1S3@Eeizgably used af a heondahe mhiebdi pg2porti ons havi ng
about the same width as that of the light incident surface of each |ight
transm ssive nenbeg.38S(AThis d ifghintsiviewdang phigte3 359 i hekd doyyaegui de
353 and is constructed novably along the arraying direct ion of the

pol ari zat i ehowphigt thegpdamaBfis oandheef 1008 vash hkFBy 367 auIrhq]\g QE%EE“ on
in Fig. 6) by conbining with an existing drive nechanism This lig
shielding plate 350 is disposed between the second | ens array 340 and

pol ari zati on conversion el enent array 360. The light shielding portions 351
and apertures 352 are nornally positioned so that |light is made incident
only on the 13 2



6 Novenber 2004 |ight incident surfaces corresponding to the polarization
splitting filnms 366 out of light incident surfaces of two polarization
conversion el enent arrays 361, 362. In this case, maxi num brightness of the
illum nation optical systemcan be obtained. On the other hand, if the

brightness is too high in the above normal state, the I|i I iAg pl ate
350 is slightly noved and part of the |ight made i nci dengwg‘r{ér?hgﬂoght

i nci dent suyr ljght transm.ssive nenbers 3 orrespondi ng to
the pol ari lziéginlasggj?g% i% ?nlgg gPPﬁ%@@%eﬁsggrﬁ%ﬂ@({l%ﬁﬂ\aﬁi i?@ﬁf—’ssﬁ blegichy
portions 3%1. .Thus, the quantity of the incident light is appropriately
adj ust ed. SNES ReF POrARTULEF FPERRr 4R RA bR © Taliaycabanng im thise
vicinity of the arc inage of the light source, the vicinity of the

pol ari zat | §FTEIMAr §idFCieTerdthesiaral 366) anadtMerews r dexe pupi 1af) tihe
projection | ens are al nost conjugated. Therefore, shielding of Iight by the
| i ght shi ef8PriRPplzertabdigeation. kFhetextsmnabshtipec haschhensane cakf ect
as that of light reduction by the diaphragm of the projection |ens and

t her eby brPght ikswedahirde g us dédewittivout scaasi g bweMernsd lsuminald e8.
Fig. 7 is a front view showi ng a construction of another |ight shielding
plate 430 thbatarhieavhngf tthe $iqeidhieest s gtah@tlsoﬁlbhe died! 43hiee! dbag

pl ate 350. The above-described |ight shielding plate 350 is obtained by
integral | yekampleg iheanesppettVveatightishi el ghag i QRS -

ot her hand, 14p11 6 Novenberp2004 in thlgé Ibi g.htghghfgie%ibngfp ?%rﬁ%?wf
portions cesrespendanddinfeh8eoah o i r ehLve LLobE shiel ding
portions 351 are constitut edgbési%gggg%dgﬁfgg?igﬁ?ﬁghbegﬁkhgg%oﬁ b%glg
431A- 4311 . £d [ ' [ -4311 _are novab eld by a
gui de 433 wgfﬁtglg%%n%gr%gdpﬁﬂﬁ%é ta% t ngsﬁt'r%é:ﬁ' ercl)tfa ﬁfggégab&%dttﬂﬁnﬁﬁ’%]ach

| i ght transm Ssiye r 5 he indgpendent |ight shielding portions
431A- 4311 %%néﬁéean%gggpgytgg Je%‘%il'sl(fgi ﬁ% gr’?'\?e mechani sm The i ndependent

l'i ght shiel ding tjons A431A-4311 ar nstituyted so as to be,

i ndependent | y .rml\F/ig SE A hdCLSIPFERY gﬁgi A EHPS Y08 afi gyiding each

pol ari zat ioo€ (o10) Ve%‘?‘i} n el emegt[% constituting the Eol ari zation conversion
el enent artay ¥60'F i 8Ek8YPrPeamsaepitied) §ronr ther fhgehekensfamdipcent
[ ndepender}),t diﬁ%ht shi e] ding portions 431A -4311). In this light shielding
plate 430 3 RS h8r REI FYNVeRee bR R QF gintl ashizd thomn syt toirsy
431A- 4311 are positioned so that light is nmade incident only on the |ight
i nci dent duric &6 Gy &30 pelag iza tilien sonvensitdorelspiert iag £yd B51366 out
of the light incident surfaces of two polarization conversion el enent
arrays 36862362Thehercondehend] asragni4 of ibreganbsstesd beqligiatkalakl, of

t he i ndependent |ight shielding portions 431A-4311 or only required ones
are noved ol sgallylefependidlyg ofheheusbeénali smad0 1drées ey 0¥aNELE ¥ a9fe
incident light on the polarization splitting filnms 366 can be adj usted.
Thus, pr eeisstioat iof Gl sstatdnl enbebrightoass ican ibg ¢ MPFAVRY. 1Lk NG-Lyo

| i ght shielding plates 350 or 430, or one |ight

320. The direction of lenses of the first lens array 320 and
secondlens array 340maybeeitherthe+zdirectionor-zdirection
or these arrays may face in the directions different from each
other as shown in Fig. 2.

In the polarization conversion element array 360, two
polarization conversion element arrays 361, 362 are disposed
in directions symmetrical with respect to the optical axis as

shown in Fig. 2. Fig. 4 is a perspective view showing the
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15 6 Novenber 2004 shielding plates 350 in conbination with one |ight
shiel ding plate 430, one |ight shielding plate may be fixedly positioned so
that light is made incident only on the light incident surfaces
corresponding to polarization splitting filnms 366 and the other I|ight
shielding plate (including the light shielding portions ; I out the
pl ate 430) disposed in parallel thereto nay be noved toéﬁ%@&%ﬁgaﬁuanti ty
of incident_ |ight on the polarization . splitting filnms _366. As a result,
there is afPAfvER™Hde O[fﬁé’fl% ﬁ@h&é&tzalti%j’ﬁ‘t CORVERS 108F _d@mand ARy 361 -in

t he pol ari Z?ltgi on_conversion el enent array 360 can be conpletely bl ocked.
Three or nor€ BPLERilERYLAG PPRYRES BB HYSREF; agirayhd6dohdipraniistedvithhr ee
or. nore shielding plates 350 and ' 430 al so can be used. An action of the

i |l um nati 8nPepRF EaRt4pateerm medrigdren iamgayhd6Bi einipshied|aff mgpphateivil | be
descri bed bel ow. Since both the light shielding plates 350, 430 have the
sane basi codcpbdas iakdabeaghtpiiitelegisnand ave, paaser phhices Wl (e igi ¥en
here with reference to the light shielding plate 350 as an exanple. Fig. 8
i s a schemaaivelenewhsbfvl ighitan salidcari il yvaisbodidahi 9aroRif ¢ale th@m
incorporating a light shielding plate 350. Fig. 9 is an enlarged viéw

show ng themyteingt yuekatbeot i phiAdidng : i3 ,CakySystem
in Fig. 8. Here, EI acked out portip(?r}s il?dt}%e&% %&%ﬁggﬁﬁéﬁé}%ag?g%gé% are

the |ight shbebghagipatlibansednl s31d dlesal Ao} ifacthgﬁ pRLCER 0N

(r,eference nuneral thereof is omtted). Part venber 2004
transmttegd . throughothesti -ges ray :320 and .second .l ens array 340 is
shi el ded byutﬁe F?gﬁ?’psﬁﬁ:gfz&&rﬁl %opt%iq%%é%%l 0?3&13@1% Sc;ha‘?%% position of
the |ight j ' Late.3 nd. _the remaining |ight passes through the
apertures é%}dgligé?rg galﬁngilgg%t %5ﬁnf-’ﬁlé‘sﬁd1v§r imfﬂgﬁe(ﬁ %ﬂf‘tt?ﬁ A2 1966 | n
the polarizatipon.conversio | enent ray, 360, . 1t is noted that the
subsequentsﬁbﬁglﬂgt lilgsagsge%'ﬁi%’g{% e FhEnrerif &, anthenl ternatrient
l'ight on t e@gol arizEtion S Ii,ttig)%films, 366 is required as nuch as

possi bl e (TOEeMENtREPRP RIS Fherkifht apnsmissivehmenheesd 6. pl at e
350 is positioned so that the light shielding portions 351 are not

super i nposERe dr' 2 mhasqipl aitesi déAt aser $atest b¥ely ghaminatsdidn inkppraiger s
corresponding.to the ‘ggl arization splitting film 366. On the other hand,
in the cafPLpEPn 4N bherx singnthiess oif st heduighed emtie: inggeurshicel df nhepl at e
350 is noved in a direction in which the light shielding portions 351 are

super i npodedl dni-2 dleidn gipl iticine ftilmy Bécesrothe hee pbéat i zat f DIm€ Qy/er Si on
el ements corresponding to the polarization splitting filns 366 until

appropri at¥n bhi gkixaeas d StRENIRNAths T Peakbgis S8eI1dingh 4 4 65 nﬁ%%in 0

havi ng such actions can be forned by a netal plate provided wt pertures

as the |i ghirttieandm theng dieekitdds 6F ©hé ilghiht ANSHiSS ¥8r Phabe #Rrehi ch
reflective filns are formed as the |light shielding portions by a

vapor - depqsid i a th Grassp et gnq flUBRt 3gy_of light is adjusted by a Iight

The polarization conversion element array 361 has a

function of converting incident beams into one type of linearly

polarized beams. Fig. 5 is a schematic view showing the action

of the polarization conversion element array 361. When a

non-polarized beam (i.e. a beam having a random polarization)

including s-polarized and p-polarized components is made

incidentuponthe incident surfaceofthepolarizationconversion

element array 361, this incident beam is first split into an

11




17 6 Novenber 2004 shielding plate 3 50 or 430 has been descri bed above,
but a variabl e di aphragm can al so be used. For exanple, Fig. 10 is a
schemati c perspective view showi ng an exanpl e of a variabl e di aphragm for
adjusting a quantity of incident light on the polarization splitting filns
366 used to achieve the sane object as that of the Iight6 @hi el di gg’ | at es
350, 430: This variable diaphragm 440 is provided with va P\é%'\.'%er i Qghragms
441A- 441D %Q%Q%I%rlffret havi n¥ (gai rs of left and right reflecting plates 441
for formng ST TAH3ES IR TR P TR PRr boed | beanahy ther popandizag iba t he
respecti vesg’ﬁl.%i .zat irq?_n conversion elenments constituting the polarization
conver si on *&rément Gy 3FP -andhies scoestaintizes tsasoh ihadlmder slit width
can be arbitrarily changed by an existing drive nmechanism This variable

di aphr agm BZEPERAAryd adilspaedd eesteseon the petandzheisnakpay t348428%;

pol ari zati on_conversion el ement array 360. Light is nmade 1 ncident only on
the |ight ?PhEi ¥RAtfetkharesetbecespomditig trefilhe: Do} &rf Z@d 15y SPhixt H’jng
films 366 ogt? o;@;i ght incident surfaces of the two polarization Conver si on
el ement ar?elyer3BdAnd 362he ovpald yi aed hhddie ik | ariaple di aphragns
441A- 441D etc. fully openedp:‘ca)]lthat t he mﬁsenﬁ%?‘%ﬁeg F§e§§a€¥3?%l€teg

i1l um nat i onropgh thle sylsdeindSi OPL B 3 it hand, if brightness
is too high in the above normal stgtug;%qé? olrﬂggf%é?%gnraﬂﬁ\}mwléa%?%‘bhragns
of these vanabl } r - 441D et c. are narrowed down by reducing
the slit width o@%h%%hi’g f tbf“g%mcfiupn"gs%%ﬁ'} dhaeniteting swriovener

2004 i ' ' incident Light on the |ight
nci dont surt aoaer tres ooy B Ckp bk bk0CHEFBhabl Ehen i lasiiassiiendi ng o

the pol ar igzatsiqn spld 44 i 66. This variabl e di aphragm 440 nmay be
used togetsﬁlp’(;irl Wi trﬁgoaf#ll%%gsrﬁngcﬁﬁtf I Ojav%?(ﬁfl ikean ysd lgprdiesposed o 0
make i nci dent.4l Ly _on | i ght incident surfaces corresponding to

t he pol ar %z 'g"hlgrﬁs%qcf{#e%wgaﬁ Pﬁﬁn?%el.tqﬁrd + h&hieirgfo rshi Bb gt o phatidsh3sD,

430 and varli.abl i aphragnms 440 (441A-441D etc. ) are formed by netallic
mat eri al gﬁ@%’%éngt%egﬁitthﬁlgﬁaﬁ’ﬁgP%lﬁ e open cainvets ot alemerfX a@rhgnt

heat resi é%gnce can _be obtained so that a | ong period use under high

bri ght ness "betBnE8! bbSYi 8f 5 -PElehiredabean. melterisaingref emal y jkasya

refl ect ange Bf 80~ or nore. eration of the projector constituted as above
will be des8RFLBELEEFGWIIRBNLpel pelagizhtghh eohvbedibhoBY Bk ght,5our ce
200 shown3i6£1 Fig. 2 is split into a plurality of sub-beans 202 by a
plurality reeds tersep-aRilafiide Hédm! drng, /ar stituting the
integrator optical system 300 and converged to theb@?ég%?)tléggf%hemay

pol ari zatP®rslifndged o thenemB66ing sweraad anizalinaRCPRLEl Sion el enent
arrays 361, 362 by a plurality of small |enses 34198?] ?ﬁé %Z%%ﬂ%“r%% array

340 whi | ereamumftiegted Wy ghe dereetedvbori e 3£ Ly ;@b tihe polari zation
splitting films 366 is adjusted by theposition e ﬁ%}ﬁﬁ?f&ﬁﬁ'shﬁgilw}% pl at e

350. Thusis &hpl sambigol 0f i satbirdreas® BBYS-dAGident (gga}:lge t wo gollari zation

35 er-wave plates
may be used. Or, a desired bPhase plates may be provided on the
emitting surfaces of both the p-polarized beam and S-polarized

beam.

In the above polarization conversion element array 361
’
one block constituted by one polarization splittin‘g film 366

and one reflective £ilm 367 which are adjacent to each other

and furtherai/2phase plate364 canbeassumedasone polarization

c ) . -
cnversion element 368. The polarization conversion element

12




6 Novenber 2004 conversion elenent arrays 361, 362 are converted to one

type of linearly polarized light and emtted as descri bed above. Then, the
plurality of sub-beans emtted fromthe two pol arization conversion el enent
~arrays 361, 362 are superinposed on liquid crystal panels 410R 410G 410B

described | ater by a superinposing lens 370. The reflecti ] f 2
shown in Fig. 1 is provided so as to guide the beans em tét/g%%tg)%ztoﬁé

super posi ng .l N i.recti vwar ds color beamsplitting optical
system 380, . ihér%@grlgTa)btathalqsnelcfs%%ggrtﬁgéggsaa?ﬁlf/a#éﬁ&?&a&uﬂgﬁgiaﬁ a5A°Phe
constructio e opti.cal stem .The color peamsplitting optical system
380 is prov?ggl&ev%gtlﬁr?ierlsetmeé% SEond® it rbi TLFRG T £ R - 382ncegbhand has a
function of split.ti the-light emtted fromthe illum nation optical
system i nt opggc‘?ﬁ'ﬁzi "OFOPHEEELBE}I%}%l'f'e’i“éd{rrg?d{eéﬂah@is wxrctihd e sane
dichroic mrror 382 transmts a red |ight conponent out of the |ight
enitted froﬁPPI#égé‘&'ﬁérl&@sF‘ﬁgthéﬁsC’g?’QhanﬁfDl@g}?é@tioa pboeezadogr ezament
conponent of light. The red light transmtted through the first dichroic
mrror 382 fEILRFEf Bédte@xXipyaniad Loaf [tdetriend nis reawit38«H and reaches the liquid
crystal panel 410R for red light through a field lens 40D. This field |ens

400 converts eac.hAshbghEafsieslﬂm@(pJfamnmaSuaelpgﬁi:nghiénéiﬁrr?;%é@b@ﬁam;
in parallel to a central axis (principal ray). The other field lenses 402 ,

404 provi dewiib berdedcofbédibelbqui dF £4 Y stid) a B2BakS, EkPShod18B.an example
respectively, also have the sane action. 20 6 Novenber 200 Furt%e?rmre,

a green |ight utight §heebdiugy!fighte 2ae Q&?@é‘tﬁ.ggz%] qh%frﬂt%%ﬁfggb%é%{@%ﬁi rst

dichroic mrror 382 is reflected by the second roic m

reaches thep}iQei nceyst gbwem%déﬂ%ﬁ&&&%@” fih gy fﬁ%&tﬁﬂ -Hﬁ'd

l ens 402. On the other hand, a blue Iight is transmtte second
o om S PRSRSsbIEPU 48  Bh SRl L P 0 cpr i,
e ur i SRR S SRR A e DL A
used for t.rhepertures 352 for transmitting light corresponding to the light
incident sﬁrfaces bf the respective transparent members 365
constituting a polarization conversion element array 360 (361,
362);eachcnfthelightshieldingportionshavingaboutthesame
width as that of the light incident surface of each light
transmissive member 365. This light shielding plate 350 is held
by a guide 353 and is constructed movably along the arraying
directionof thepolarizationsplitting films 366 and reflective
films 367 (arrowdirectioninFig. 6) bycombiningwithanexisting
drive mechanism.

This light shielding plate 350 is disposed between the
second lens array 340 and polarization conversion element array

360. The light shielding portions 351 and apertures 352 are

normally positioned so that light is made incident only on the

13



blue light so as to prevent degradation of |ight use efficiency due to
light diffusion or the like since the optical path |l ength of the blue |ight
is longer than that of other color light. That is, the sub-beans nade
incident on the incident side lens 392 are transferred to the field lens
404 without a change. The three liquid crystal panels 4 OB have
a function as an el ectro-optical device for nodul ating saﬁtﬁ:ifvfﬁt}%??{:’g t
accordi ng tloﬁgli ven i.mage infornmation (i mage signals). Consequently, each
col or Iight “%e 4954 BH 43S L TTRRAY-BF ySsP aF PpaRelardzeRion10G
410B is nodul ated according to the image information to form an i mage of
each col or SPHEL SN0 tTdd Meh 46 S A i HerkiqiHot iRPEIRNt afer froesded twot he
light incident side and light emitting side of the liquid crystal panels
410R, 410GPP4apBzaticn converabenletament ghragsiifled 362om Theltiy easki qui d
21 6 Novenber 2004 crystal panels 410R 410G 410B is nmade incident on a
cross di chmakampr bmigh0neTheofr bhe illthmaonetppnsop42@ahasystbmnehihopeas a
color light synthesizing optical systemfor synthesizing the three
nodul at ed cbtainktdghts to forma color image. In the cross dichroic prism
420, a dielectric nmultilayer filmfor reflecting the red light and a

diel ectric nmultibayeefotwes afadef ligctdneg viignned d iightodr RiERr MR 4D 2
substantially X shape at four rectangular pri'sminterfaces. Each nodul at ed
col or |i ghibbSeSydthesi €ch ' [5G b fi forma
synt hesi zed |ight for projé%%ﬂ%ggggbotgkﬁﬁkéggpggh%aggﬁﬁﬁgsiég%l£§ﬁﬁﬁy
gener at ed i i hG R 20 ] ptted.inthe direction

t owar ds th@%%%j%cf?gﬁ%l Sélﬁgmﬂ%l %é: I?%]rjéj Jg%‘%lls'%% SHE ThE ﬁégﬁg FUETHn of
projectin ! n i . Light on a. projectian screen to display a color
i mage on %%prg%?yéc ?ﬁ%?glé%rhgﬁrnaqml%lo %ﬂ%?%%?stﬁ?e% EHETt ing
descri bed ,above, en.an_inage .is projected on g |large._screen, a clear

i mage is obt gi‘ﬁe%o ¥ ﬁzﬁFbﬂn%rﬁlg‘rﬁtﬁ‘&i%B§m§d? 2R g intdpddin bR bighthe

l'i ght shieldjqﬁ%flate %50, 430 or the slit width of the variable di aphragm
440. On t R STHHPHBRIT LIRSS Tire Th¥Ge tRe gRBPEALE® Hhha iosdddensckiapt,

bri ght ness, can be reduced to nake the i nage easy to see. Therefore, one
proj ect or *arPRRFREetAFelespeiestedef the size of ‘the screen. Furthernore,
since the polarization conversion el.enment array 360 is in the vicinity of
an arc i mage of SHES itdit psdwdegation conversion element array 360 is

inthe vicinity of the arc image of the light source, the vicinity
of thepolarizationconversionelement array 360 and the entrance
pupil of the projection lens are almost conjugated. Therefore,
shielding of light by the light shielding plate 350 or the like
at this position has the same effect as that of light reduction
by the diaphragm of the projection lens and thereby brightness
can be adjusted without causing uneven illumination.

Fig. 7 is a front view showing a construction of another
light shielding plate 430 for achieving the same object as that
of the light shielding plate 350. The above-described light
shielding plate 350 is obtained by integrally forming the

respective light shielding portions 351. On the other hand,
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6 Novenber 2004 the vicinity of the conversion elenent array 360 and the
‘entrance pupil of the projection |ens are conjugated. Therefore, even if
the light shielding plate 350, 430 or variable diaphragm 440 is disposed in
the vicinity thereof, illumnation unevenness is not caused by the effect
thereof. Furthernore, since the quantity of the light egteljRfhelBEo4 i qui d
crystal panels 410R, 410G 410B are reduced as a whol e by reducing

brightness, i hi ght st esiet acEe DI d1gSEatd Ul P, Gorst nsoafél.ﬁ}b%edg;ﬁo:im&\ﬁﬁﬂ and

thus the life thereof”can be nmade” I'onger. I n t'he above ment,,” a

e wh " . . . : r . .
Cr anem sei Ve T a0 st S ER PRy L A e A PR oS Y e
[ ti be. li,ed t jecto [ f.lective.liqui t al
pancl's. _As deRer i BRReT ater RaBRBnaREE Tirt o e e dies RetFiopad Han 4T 1 o
liquid crystal panel. Here, "transnjssive' means that an el ectro-optical
devi ce suchtBS %Eﬁ@%f QPPN RF rahird 31T i3f movably held by a

whil e"reflective"means that an el ectro-optical device such as a liquid
crystal parfBlidefPdc¥sthiagmap qarnaseqRdittortimpneyidegtr @91 faeewidth

el ectro-optical devices, a dichroic prismmay be utilized as col or beam
splitting mamadlodight trangnisghive meosbeachébi githe nindepsnderioild ghted,
green and blue as well as col or beam synt hesi zi ng nmeans for synthesi zi ng
the each nuxhieldihg@oart ldnght 3and 48ailt cangdd hevednblean zedidt ghy diriviche
sanme direction. The el ectro-optical device for nodulating Iight is not 23

6 Novenber miFarnism! edheoindépanddntyisfiad spaaehinguio Mayome 43 1devizge
using, for exanple, a mcro mrror. The prism which is a color beam

synt hesi zi RgredRId Al i YEEEMNB0 | £s 'O bé M A&EpEAGANHL ghnelabREI 8TLR]ViANY
surfaces for selecting two types of colors Tornmed al ong bondi ng surfaces of

four U1 anGlhAcidbien WHCHTY Plafafll €1 OF CpBl s £ 1% RYLAICBRAT L ERGAO!
| plitter. ,

col or selecting surface or a polarizing beam _ a prismmay be
e o AN, 00 e AL SRS 1 L RGR A A A Yy
he. vi ew ng®8 FE FORChTH 41 Sar St SRR SRy fceFPRQUERrTaGE PRORLERS
s oo SPRERE B o bt A R TR i Loy SERZL ). o show 1 e
In this light shielding plate 430 as well, normally, the
independent light shielding portions 431A-4311 are positioned
sothatlightismadeincidentonlyonthelightincidentsurfaces
corresponding to the polarization splitting films 366 out of
the light incident surfaces of two polarization conversion
element arrays 361, 362. Then, when adjustment of brightness
is required, all of the independent light shielding portions
431A-4311 or only required ones are moved slightly depending
on the situation so that the quantity of incident light on the
polarization splitting films 366 can be adjusted. Thus,

precision in adjustment of brightness can be improved.

Using two light shielding plates 350 or 430, or one light

15



According to the .present invention, an illumnation optical system and
projector provided with the sanme can be obtained that can maintain

hi gher bri ght ness of optical equipnent and adjust the brightness as required
wi t hout degradi ng desi gn freedom of other optical systens or causi ng uneven
I 1lum nation. 24 25 6 Novenber 2004 1. An illum nati Onsci‘ﬂ:ﬁ'\)e%ler Q?@; em
conprising: a light source; a beamsplitting elenment including a plurality
of lenses that, splits light emtted fromthe light source into a plurality
of sun- beamS: M ELGiNG PA&GESH 3e8nd8r SPBR1BREAEAL Wilkdl @Beng ighpobhiridingn
beam splintter array that splits each of the plurality of sub-beans into
two types oPlﬁéleail?gedDm?- dhitghtt Beipdddnigzal hbe meamss fliedd vapoaythawedag a
plurality of polarization splitting filnms and reflective filns which are

al t er nat el y serrhatgédghtind maghdse ideerem 1l ybapdseli ghtting: elddd sagrsge§ace
side of the polarization beam sputter array to align the light polarization
directions obrireepbwd itgpes pofl apdlzarti izedspl g8t i ngNeh Bud 3@t a 88 1+@l<0b PR r
menber that adjusts a quantity of incident |light on the polarization
splitter filighttéeitlg@hhgspietdi NhdBidaig b:@ﬂe”gi@'h@.véH?ng‘ihg’e@{:‘r{f&geam
splitting el enment and the polarizati on beam sputtér array, an el ng
constitutedsbypasphurshdiy +of I ' lsel di I dj ust the
guantity of the incident | itglhet Bgf;ﬁ%ﬁoﬂigﬁgﬁ O%%Igsil?i%%eagffégih%%ee%ol may
illumnati -eal +8Y c di a1, wherein the plurality of
| i ght shi e?lg?glg&g%gt Eé 3?2“5&%@&3“%8&?& p%r?ronl#éu\tg;er}%eﬂpq% a‘%?t?h%f

pol ari zat i kbt ng fi respectively.,. 3. An_illum.nation opt. cal
system co ?E?Jr:lkggggglllg%%i@%ﬁ%gg %lﬁglg é%lﬁdve%e? 5668 1% b ERFESpILSt Biting

el ement-including a plurality.of Jenses that splits light enmtted fromthe
i ght sourcéeél‘?‘-’rll %a%ep{lﬂl‘?gl +?§l‘g?n€u£3-'%}é5n%’? theé’ reflective films 367 in

the polarization conversion element array 360 can be completely
blocked. 'Three or more of shielding plates 350 or 430, or the
combination of three or.more shielding plates 350 and 430 also
can be used. | ‘
Anactionoftheilluminationopticalsystemincorporating
the light shielding plate will be described below. Since both
the light shielding plates 350, 430 have the same basic actions
of a 1ight shielding plate, description will be given here with
reference to the light shielding plate 350 as an example.
Fig. 8 is a schematic view showing an action of an
illumination optical system incorporating a light shielding
plate 350. Fig. 9 is an enlarged view showing the vicinity of
the light shielding plate 350 in the optical system in Fig. §.
Here, blacked out portions in the light shielding plate 350 are
thelightshieldingportions351andclearportionsareapertures

(;eference numeral thereof is omitted). Part of light
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a polarization conversion elenment including a polarization beamsplintter
array that splits each of the plurality of sub-beans into tw types of

pol ari zed light, the polarization beamspliter array having a plurality of
pol ari zation splitting filnms and reflective filnms which are alternately

arranged, and a phase el enent di sposed on the emtting i of the
pol ari zati on beamsplitter array to align the |ight poIZ?Pégﬁﬁgﬁﬂgpﬁections

of the two l arized. | jght..and | i ght shi el di ng_nmenber that

adi usts A qonerngtsPe; BhraSRe gNeERE Frrpdir e s BhR $004 1108 ¢ he
l'ight shieldin WF%‘ﬁer. b%i‘n Brgvi ded between the beam splitting el enent
and the pol#rf2ht7on béa %g@ elePYathgyligh8 BEiLedddngamcadliemnd &fir agm
whi ch arbig%grilg,reduces the quantity of the incident |ight on the

pol ari zat i SIERPIFIRI R fiengoedhsont ek ithye dhghsoshikldingnptaneel $0 amd
element. 4. The illum nation optical systemaccording to claim3, wherein
|i ght transihe tisRe Poitg ohkglf RaRsemrttatiweyditdEheggmaned amed amsld t S
and the quantity of the incident |ight on the polarization splitting filns
i s reduced incidemyiony vhetpolafizaeishi $s1ibtidgerilheniaat ijan topti cal
system according to clainms 1 or 3 wherein the light shielding nenber is
conposed ofpaietmidd i omteriedr Siaon gl dierdPld ey refd ectrangg b+ +@LLnore.
27 6 Novenber 2004 6. A projector conprising: the illumnation optical

Syst em accend BHHsEARMOTE ft JANSid 40 Pes@RPbER §LEGL! O-0ptical device
t hat nodul ates the |1 ght em'c'ﬁ e? by the illuﬁ’ nat ed opt?c%l system 7. The

prof ct o ccor dunréz sl ol WHeliahoSauRel S BoCehal LBSEDSALLLI N9
SYorom i nt pesn ol cinec 6610 oo BN Al cflad B S0l Gont cal
Syt hesi 2i R ot G EhERE A SR ot or. L EahE S e SPdlng pidte 550 &
| positioned so that the light shielding portions 351 are not
superimbosedonthelightincidentsurfacesoflighttransmitting
memberscorrespﬁndingtx:thepolarizationsplittingfilms366.
Ontheotherhand,inthecasewhenalowerbrightnessisrequired,
the light shielding plate 350 is moved in a direction in which
the light shielding portions 351 are superimposed on the light
incident surfaces of the polarization conversion elements
corresponding to the polarization splitting films 366 until
appropriate brightness is obtained.
The light shielding plates 350, 430 having such actions
can be formed by a metal plate provided with apertures as the
light transmitting portions or a'light transmissive plate on

whichreflectivefilmsareformedasthelightshieldingportions

by a vapor-deposition.

A case where a quantity of light is adjusted by a light
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shieldingplate3500r430 hasbeendescribed above, butavariable
diaphragm can also be used. For example, Fig. 10 is a schematic
perspective view showing an example of a variable diaphragm for
adjusting a quantity of incident light on the polarization
splitting films 366 used to achieve the same object as that of
the 1light shielding plates 350, 430. This variable diaphragm
440 is provided with variable diaphragms 441A-441D and so forth
having pairs of left and right reflecting plates 441 for forming
slit-like light transmitting portions 442 corresponding to thé
respective polarization conversion elements constituting the
poLarization conversion elément array 360 and is constituted
sughthattheslitwidthcanbearbitrarilyehangedbyanexisting
drive mechanism. |

This variable diaphragm 440 is also disposed between the
second lens array 340 and polarization conversion element array
360. Light is made incident only on the light incident surfaces
corresponding to the polarization splitting films 366 out of
light incident surfaces of the two polarization conversion
element arrays 361, 362, normally with the respective variable
diaphragms 441A-441D etc. fully opened so that the maximum
brightness of the illumination optical system is obtained.

On the other hand, if brightness is too high in the above
normal state, all or arbitrary variable diaphragms of these
variablediaphragms441A—441Detc.arenarroweddownbyreducing

the slit width of the light transmitting portion 442 to
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10@ S>Slo(y@ia(ahragm§:440 (441A—441D etc.) are formed by metallic material
such as aluminium having a high optical reflectance, excellent
heat resistance can be obtained so that a long period use undec

- high brightness becomes possible. Such metallic material
p_referably has a reflectance of 80% or more.

Cperation of the projector constituted as above will be
described below.

Non-polarizedlightemitted fromthe light source 200 shown
inFig. 2 is split into a pluralityof sub-beams 202 by a plurality
of small lenses 321 of the first lens array 320 constituting
the integrator optical system 300 and converged to the vicinity
of the polarization splitting films 366 of two polarization
conversion element arrays 361, 362 by a plurality of small lenses
341 of thesecond lens array 340 whilea quantityof light directed
to the vicinity of the polarization splitting films 366 is
adjusted by thepositionof the light shielding plate350. Thus,

a plurality of sub-beams made incident on the two polarization
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conversion element arrays 361, 362 are converted to one type
of linearlypolarized light andemitted as described above. Then,
the plurality of sub-beams emitted from the two polarization
conversion element arrays 361, 362 are superimposed on liquid
crystal panels 410R, 410G, 410B described later by a
superimposing lens 370.

The reflective mirror 372 shown in Fig. 1 is provided so
as to guide the beams emitted from the superposing lens 370 in
a direction towards a color beam splitting optical sfstem 380.

- Therefore, this is ndt necessarily required depending on the
construction of the optical syspem.

The color beam splitting optical system 380 is provided
Withfirstandseconddichroicmirrors382,386andhasafunction
of splitting the light emitted from the illumination optical
system into each light of three colors, red, green and blue.
The first dichroic mirror 382 transmits a red light component
outofthelightemitted fromthesuperposinglens370andreflects
a blue and green component of light. The red light transmitted
through the first dichroic mirror 382 is reflected by the
reflective mirror 384 and reaches the liquid crystal panel 410R
for red light through a field lens 400. This field lens 400
converts each sub-~beams emitted from the superposing lens 370
to beams in parallel to a central axis (principal ray). The
other fieldlenses 402, 404 provided infront of theliquidcrystal

panels 410G, 410B, respectively, also have the same action.
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panel 410G for green light through the field lens 402. On the
other hand, a blue light is transmitted through the second
dichroic mirror 386, passes through a relay optical system 390
comprising an incident side lens 392, a reflective mirror 394,
a relay lens 396 and a reflective mirror 398 and reaches the
liquid crystal panel 410B for blue light further through the
field léns 404. The relay optical system 390 is used for the
bl_ue light so as to prevent degradation of light use e_fficiency
due to light diffusion or the like since the optical path’ length
of the blue light is longer than that of other color ligﬁt . That
is, the sub-beams made incident on the incident side lens 392
are transferred to the field lens 404 without a change.

The three liquid crystal panels 410R, 410G, 410B have a
function as an electro-optical device for modulating incident
light according to given image information (image signals).
Consequently, each color light made incident on the three liquid
crystal panels 410R, 410G, 210B is modulated accﬁrding to the
image information to form an image of each color. It is noted
that polarizers (not shown) are provided on the light incident
side and light emitting side of the liquid crystal panels 410R,

410G, 410B.

Each color modulated light emitted from the three liguid
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the three modulated color lights to form a color image. In the
cross dichroic prism 420, a dielectric multilayer film for
reflecting the red light and a dielectric multilayer film for
reflecting the blue light are formed in a substantially X shape

at four rectangular prism interfaces. Each modulated color
light is synthesized by these dielectric mﬁltilayer films to
form a synthesized light for projecting a color image. The
synthesiz_ed light generated bjr this cross dichroic prism 420 .

is emitted in the direction towards the projection lens 40. The.
projectionﬁ lens 40 has a function of projecting this synthesized
light on a projection screen to display a color image on the
projection screen.

In the projector of this embodiment described above, when -
an image is projected on a large screen, a clear image is obtained
with high brightness by adjusting the position of the light
shielding plate 350, 430 or the slit width of the wvariable
diaphragm 440. On the other hand, when the image is projected
on a small screen, brightness can be reduced to make the image
easy to see. Therefore, one projector can be used irrespective
of the size of the screen.

Furthermore, since the polarization conversion element

array 360 is in the vicinity of an arc image of the light source,
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pupil of the projection lens are conjugated. Therefore, even
if the light shielding plate 350, 430 or variable diaphragm 440
is disposed in the vicinity thereof, illumination unevenness
is not caused by the effect thereof.

Furthermore, since the quantity of the light entering the
liquid crystal panels 410R, 410G, 410B are reduced as a whole
byreducinghrightness,lightresistanceoftheseliquidcrystal
panels is improved and thus the 1ife thereof can be méde longer.

In the above embodiment, -an example where the present
invention is applied to a projector uéing transmissive liquid
crystal panels has been explained, but the present invention

.can be applied-to a projector using reflective liquid crystal
panels. As described later, the electro-optical device is not
limited to a liquid crystal panel. Here, “transmissive” means
that an electro-optical device such as a liquid crystal panel
transmitslightwhile"reflective"meansthatanelectro-optical
device such as a liquid crystal panel reflects light. 1In the
projector employing reflective electro-optical devices, a
dichroic prism may be utilized as color beam splitting means
for splitting light into each light in three colors, red, green
andblueaswellascolorbeamsynthesizingmeansforsynthesizing
theeachmodulatedcolorlightandemittingthesynthesized1ight
in the same direction.

The electro-optical device for modulating light is not
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1 10%0& ()- The prism, which is a color beam synthesizing optical
system, is not limited to a dichroic prism having surfaces for
selecting two types of colors formed along bonding surfaces of
four triangular prisms, but may be a dichroic prism having one
type of color selecting surface or a polarizing beam splitter.
Or, aprismmay be obtained by disposinga light selecting surface
ina éubstantially hexahedron-shaped 1ight transmissive box and
filling fluid therein. -

- Furthermore, projectors include a front type for
projecting an image from the viewing direction and a rear type’
forprojectinganimage fromthedirection oppositéto theviewing
direction. The construction shown in the above embodiment can
be applied to either thereof.

According to the present invention, an illumination
optical system and projector provided with the same can be
obtained that canmaintain higherbrightnessofoptical equipment

and adjust the brightness as required without degrading design

freedomof other optical systems or causinguneven illumination.
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yFwUgHC lenses that splits light emitted from the 1light source
into a plurality of sun-beams;
a polarization conversion element including

a polarization beam splintter array that splits
each of the plurality of sub-beams into two types of
polarized 1light, the polarization beam spliter array
having a plurality of polarization splitting films and
reflective films which are alternately arranged, and

a phase element disposed on the emitting surface
side of the polarization beam splitter array to align the
light polarization directions of the two types of
polarized light; and

a light shielding member that adjusts a gquantity of

incident 1light on the polarization splitter £ilms, the
light shielding member being provided between the beam
splitting element and the polarization beam splitter
array, and being constituted by a plurality of parallel
light shielding plates to adjust the quantity of the

incident light by moving any ones thereof.

2. The illumination optical system according to claim 1,
wherein

the plurality of light shielding plates are disposed
corresponding to the plurality of polarization splitting

films, respectively.

3, An illumination optical system comprising:

a light source;
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m $x*/ 5; AGAHFS&Y"d] Up™ Kol akization beam splintter array that splits
each of the plurality of sub-beams into two types of
polarized 1ight, the polarization beam spliter array
having a plurality of polarization splitting films and
reflective filmsg which are alternately arranged, and

a phase element disposed on the emitting surface
side of the polarization beam splitter array to align the
light peolarization directions of the two types of
polarized light; and

a light shielding member that adjusts a gquantity of

incident light on the polarization splitter £films, the

g light - shielding member being provided between the beam
splitting element and the polarization beam splitter

array, and being a variable diaphragm which arbitrarily
reduces the quantity of the incident 1light on the
polarization splitting films constituting the polarization

conversion element.

4, The illumination optical system according to claim 3,
wherein

light transmitting portions of the variable diaphragm
are formed as slits and the gquantity of the incident light
on the polarization splitting films is reduced by changing

widths of the slits.

5. The illumination optical system according to claims 1
or 3 wherein
the light shielding wmember is composed of metallic

material having an optical reflectance of 80% or more.
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6. A projector comprising:

the illumination optical system according to any one
of claims 1 to 5; and

an electro-optical device that modulates the light

emitted by the illuminated optical system.

7. The projector according to claim 6 further
comprising:

a color beam splitting optical system for splitting

the light emitted by the illumination optical system

into beams of three colors;

a plurality of the electro-optical devices for
modulating each of the color beams split by the color beam
splitting optical system;

a color beam synthesizing optical system for
synthesizing modulated beams of each color; and

a projection lens for projecting the synthesized

beams.



