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TI TLE OF THE | NVENTI ON PRQIECTI ON DI SPLAY APPARATUS
BACKGROUND OF THE I NVENTION 5 Field of the Invention
The present invention relates to a projection display
apparatus and, nore particularly, to a projection

di spl ay apparatus including a |ight anount adjustnent
mechani sm 10 Description of the Background Art In
recent years, a projection display apparatus has been
devel oped as one type of inage display apparatus, and
gut to practical use. Wth conventional projection

[ 9?139%3f%EN§8§N light | eaks and stray |ight
(unwant ed 1ight) have occurred in a variety of

opt i caIPR@J@éAQ RISREAY APPARAIIHS cal systems such as

i nduction optical systens, 15 projection |enses and
the like. In particular, when iages are projected
onto a screen in a dark room a dark imge does not
BACKGR@UND/OEJFEAINVENKIONhi s has presented a
probl em such that insufficient contrast results in the
Figldhofdhe lnvemtione of realism In particular, a

proj ection display apparatus using a liquid crystal

| i ght Vidlevpresent rinventiopablates tof a cnjettéoreidisplayt appatatesf and, more
transmtted |ight because the liquid crystal [|ight
patiwdarhyg stot heprajectidradisplayr apparatusofinatuding rag lightf ambunt adjustment
transmtted light in accordance with the pol arization
pecpaisiy of the light, and has limtations in neeting
the requirenent by video signal processing. Thus,
there is a strong demand for inproving the contrast in
the projection display apparatus using the liquid
DEscsiptibn bf 6 Badihrdigd A® sol ve the probl em as nenti oned
above, a projection display apparatus as 25 disclosed

i n, fonneREPY&rs, bPréjettadn @bplhy HppardteahdstreNdevdlbped as one type
2005/ 026835 (Page gi{ﬁ Fi g. glﬂ}é) has been devi séé?.,

gggﬁa r ik ﬁ*' Ea&lﬁﬁph@' paP R pRdcHSall tke! UGEth chbiWentional projection
npl e, a 1ignt
display apparatuses, light leaks and stray light (unwanted light) have occurred in a variety
of optical elements constituting optical systems such as induction optical systems,
projection lenses and the like. In particular, when images are projected onto a screen in
a dark room, a dark image does not sufficiently appear dark. This has presented a
problem such that insufficient contrast results in the lack of a sense of realism. In
particular, a projection display apparatus using a liquid crystal light valve is not capable
of completely cutting off transmitted light because the liquid crystal light valve has the
characteristic of cutting off the transmitted light in accordance with the polarization
property of the light, and has limitations in meeting the requirement by video signal
processing. Thus, there is a strong demand for improving the contrast in the projection
display apparatus using the liquid crystal light valve.

To solve the problem as mentioned above, a projection display apparatus as

disclosed in, for example, International Publication No. WO 2005/026835 (Page 51, Fig.
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shi el ding plate disposed between a first |ens array
and a second |lens array for the purpose of inproving
the contrast of inages projected onto a screen and the
i ke, and causes the |I|ight shielding plate of a

pl anar configuration to pivot in response to a video
signal, 5 thereby controlling the anount of |ight
directed to a light valve in acordance with the

video signal. In the projection display apparatus

i ncludi ng_a_cqonventional  |ight anmount adj ustnent )
ﬁigﬁ%g?@nﬁieafsseﬁe nhig rmenegmgi,splﬁbmwat}ls éweﬁfgmexmple, a light
reaches lens cells of the second |lens array other
shigldingglate disppsedibioresa e figpl lews aray and acssernddensigrray fapthe purpose
oEticaI_axis C 10 when the maxi num anmount of |i ght

X impraying thgreeniiast ofrimagescprojested Hntq & sergen #id the fkggand causes the
t here has been a probl em such that the conventional )
bel shieliing plate sifaa plippraeenfigyrationds pivetf inj kespanse 4o janvideo signal,
provi ding high contrast. SUMVARY OF THE | NVENTI ON 15

thergby controbingdhe amountcofdight directedhieeatligbhvalve pr asdortange with the
projection display apparatus which facilitates the

visko signalus adj ust nent of the anount of |ight without

the occurrence of unevenness in illum nance of [|ight

di rect i the projection disyllaye apprsiatuhiindiudisg capaitestiofal light amount
constantly displaying i mages with sufficient contrast.
Adjostnehtmedhanisheaspnanionéd abowetidveaver, aome dightcrieaches lens cells of the
di spl ay apparatus includes a 20 light valve, a |ight

sevond éens array othepthah dens|celdstheofl whidhi agdin citeadnivith an optical axis C
adj ust mrent nmechanism The |ight source produces |ight

diher eiecthakignunh @mboin@hdf ghlt \éRiting eorh ke Gfstléhs dr@gSis ict off. Thus,
di sposed in an optical path extending fromthe |ight

fet B beentdprobiedih suchath¥tethe AdfHvdnfiohaldesjectionl display lapparatus finds
array and a second lens array both for rendering even

aiffid il Th pAGding Highicohtasti on of light directed from

the light source. The Iight anount adjustnent 25

mechani smis disposed in the optical path between the

first lens array and the second lens 3 array, and

§M@$mlmeﬁleght directed to the Iight

val ve. The ght anount
It is an object of the present invention to provide a projection display apparatus

which facilitates the continuous adjustment of the amount of light without the occurrence
of unevenness in illuminance of light directed to a light valve and which is capable of
constantly displaying images with sufficient contrast.

According to the present invention, a projection display apparatus includes a
light valve, a light source, an integrator lens, and a light amount adjustment mechanism.
The light source produces light directed to the light valve. The integrator lens is
disposed in an optical path extending from the light source to the light valve, and includes
a first lens array and a second lens array both for rendering even an illuminance
distribution of light directed from the light source. The light amount adjustment

mechanism is disposed in the optical path between the first lens array and the second lens
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adj usting nmechani smincludes a pair of |ight shielding

el ements pivoting in the formof a pair of double

doors. The pair of light shielding el enents have an

opening formed in a region of tip portions thereof

whi ch corresponds to lens cells in contact with the

optical 5 axis of the second lens array. A region of

t he opening corresponding to agne lens cell in contact

with the optical axis of the second lens array is of a
triangul ar configuration, Only lens cells of the .

2EaY fhd) adiusts; theagmeunt af dight irgetedrde |they lightnvalye. | Thenlight amount
allow light emtted fromthe |ight source to pass,
pdisingmechanism; inelndessapaix ofdight shislding elerents piypting ijhthe form of a
interception during the adjustnent of the anmount of )
paigRf dowpledeqraasEhe pair allightshistding elpmgnts havmampprypinghformed in a
l'ight valve, as conpared with an instance in which

regitit oflie porsigns thgrao§ whichceorsspands Ite tens selly in contast withrthie optical
ot her objects, features, aspects and advantages of the

pxis of the seconddens araywi A regivomfsharopeningparesprndingamonk dens cell in
foll owi ng detail ed description of the present

contaqt Withithevbptival atisof the sepond lens hirayiswifaltridrigalar configuration.
acconpanyi ng drawi ngs. 15 BRI EF DESCRI PTI ON OF THE

DRAW NG3nlfrilgns delissofatheisecond Hend agayt reaclesdnby ausmialloamednt of light
an illumnation optical systemin a projection

diloplight apittad fitons thedighg s@urtd Wupads dirysghal Thisgitresses e maximum
according to a first preferred enbodi nent of the

pmesituf light/itdréeption A0rifig the adjustinént \of €W dhcunk BPlighteo decrease the
construction of a polarization conversion el enent

ancaitdf tight RadHisy fhelipht Pil6d, @ ceMpaed edih@Ninst@hce! iR8vhich light are
present invention; Fig. 3 is a view show ng an exanpl e

oduséd P redhddthdrsizasilgm i n the projection display
apparatus according to the first preferred enbodi nent

of the THeSS Al btAMCBbiee; fedtirds, 4spbéts fandl SRANBPEVIORIHE present
rel ati onshi p between ‘a pivot angle and a relative 25

{nveror2 WAV HecdiRd inforf UpphrBft Fr.eglf ﬂ%ufo?b{vﬂ{k 8étafl@F description of the

pi votal mechani sm shown in Fig.
present invention when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view showing the construction of an illumination optical system in a
projection display apparatus using a liquid crystal light valve according to a first preferred
embodiment of the present invention;

Fig. 2 is a view showing the construction of a polarization conversion element
according to the first preferred embodiment of the present invention;

Fig. 3 is a view showing an example of a pivotal mechanism in the projection
display apparatus according to the first preferredvembodiment of the present invention;

Fig. 4 is a graph showing a relationship between a pivot angle and a relative

light amount ratio for the configuration of the pivotal mechanism shown in Fig. 3;
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Fig. 5is a view show ng anot her exanple of the

pi votal mechanismin the projection display apparatus
according to the first preferred enbodi ment of the

present invention; Fig. 6 is a view showi ng stil

anot her exanpl e of the pivotal nmechanismin the 5

proj ection display apparatus according to the first
preferred enbodi nent of the present invention; Fig. 7

is a view show ng the | ocation of |ight shielding

elements in the projection display apparatus o
accor di g # ds tahwew; showing en@hwwamnémeg fienpivetal ypgehanism in the
present _invention; 10 Fig. 8 is a view show ng ray

projgesion ¢lisplay apparatyseaceprding tythe fisti preferred embeilisngny gf the present
fromthe center of the light valve in the projection

divepliary apparatus; Figs. 9A to 9C show illum nance

di stributions on the |light valve when the |ight

shi el dilkig. @isearerewsshowinghstillpanother ekampleiof fieapivetplomechanism in the
are placed in a location 1 according to the first

progéction elisptaybapparatust acobrdirgetopthe Sorstt prefewred einbodingmt of the present
Figs. 10Ato 10C show illum nance distributions on the
invghtionzal ve when the 1ight shielding elenments in the
projection display apparatus are placed in a |ocation

m accdrigi gist & wiéve dhowddg hiecleatian of ntight i shieddingfelérhents in the
present invention; Figs. 11 Ato 11 C show il lum nance
giogdotion disptiysapparatiseackodivig toathy dirsthyrfeirbé embogdinient of the present
shielding elenments in the projection display apparatus -
afventidnaced in a location n 20 according to the first
preferred enbodi nent of the present invention; Fig. 12

IS a grEphs shoViewdhéWmg 18y @hje¥®ribs Ghén ANEME bay @ddiy Bltarried out
the light valve when the light shielding elenents in

FOf thE BrR& df Ak 15UHT RAIRY ixﬂﬂ&@?kﬁéé&n@i laySappiraMs; i n Fi gs.

9A to 9C according to the fifst preferred enbodi ment

of the mEe Ao IR [IRhindric distributiBn@od fRAENS PAVE Gen the light
the relative Iight amount ratio on the Ii1ght” valve 25
g!lﬁglg}ngb?erﬁéng&ﬁm i bx%'l]éyngﬂ d?sh%&%%%aﬁg? afse.nﬂa&'&qh 834da8Bn 1 according

y apparatus are as s
to the first preferred embodiment of the present invention;

Figs. 10A to 10C show illuminance distributions on the light valve when the
light shielding elements in the projection display apparatus are placed in a location m
according to the first preferred embodiment of the present invention;

Figs. 11A to 11C show illuminance distributions on the light valve when the
light shielding elements in the projection display apparatus are placed in a location n
according to the first preferred embodiment of the present invention;

Fig. 12 is a graph showing the relative light amount ratio on the light valve
when the light shielding elements in the projection display apparatus are as shown in Figs.
9A to 9C according to the first preferred embodiment of the present invention;

Fig. 13 is a graph showing the relative light amount ratio on the light valve

when the light shielding elements in the projection display apparatus are as shown in Figs.
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5 1 CAto |l OC according to the first preferred

enbodi nrent of the present invention; Fig. 14 is a

graph showing the relative |ight anpbunt ratio on the

l'ight valve when the light shielding elenments in the
projection display apparatus are as shown in Figs. 11

Ato 11 C according to the first preferred enbodi nent

of the present invention; 5 Figs. 15A to 15C show an

illum nance distribution at a light exiting surface of

a first lens array and an illum nance distribution at

A0pitg A PCiapeardiag to e firs peeferrediembadiment of the presenbipvertio;

16 is a_view showing that light emtted froma |ight

sour ce Fig. d1&fis acaranh showing ther wslative tlight) amountoratip ron the light valve
simulation; 10 Figs. 17A and 17B show an il |l um nance

avhen thedight shielding gemmtsainitheepﬂoj egtion display apparatus are esishdven in Figs.
light valve in the projection display apparatus

éégdo diGgceasding éo the fisst ppafefet enlbbdimetted ithegneseof invérgion;
present invention; Fig. 18 shows the anounts of I|ight

passi ngFighriddgio 1I5€rshowalnliByminasqeadistribation at aflight éxdting surface of a
second lens array in the projection display apparatus;

$i%st fény . arhP Andi anl ilhlnadve wistributionwta Hightmcidiest surfacd éfmsecond lens
and a relative light amount ratio on the |light valve

amay;he projection display apparatus according to the

first preferred enbodi nent of the present invention;

Fi g. 20Figs]6is\alvisw siswihg that ight@aiitéd fisthiadighOboudde is reflected from
illumnation optical systemin the projection display
ap¢fbecthg mirter i Ginhllgidn; qui d crystal |ight valve

according to a second 20 preferred enbodi nent of the

pr esentFigsMGAt dnd;7BRhew adlillihirAndd @¥ribREOM 4 Pelative light amount
exanpl e of the pivotal nmechanismin the projection

ehtRRnAthe ﬁ?ﬂ@fﬁé’ﬁ tAC B edtifs displaly RBpAE&S Qgco?&zlgé & fheGhirst preferred

enbodi ment’ of the present invention; Fig. is a
gﬂ'ngwiﬁﬁ%meggggmmvgn@&ﬁti ons of the light shielding
e

el enments of t

Fig. 18 shows the amounts of light passing through lens cells, respectively, of
the second lens array in the projection display apparatus;

Fig. 19A and 19B show an illuminance distribution and a relative light amount
ratio on the light valve in the projection display apparatus according to the first preferred
embodiment of the present invention;

Fig. 20 is a view showing the construction of an illumination optical system in
the projection display apparatus using the liquid crystal light valve according to a second
preferred embodiment of the present invention;

Fig. 21 is a view showing an example of the pivotal mechanism in the
projection display apparatus according to the second preferred embodiment of the present
invention;

Fig. 22 is a view showing that tip portions of the light shielding elements of the

pivotal mechanism are disposed near the first lens array;
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25 pivotal nmechanism are di sposed near the first |ens

array; 6 Fig. 23 shows an exanpl e of col or
irregularities along a line which occur when the |ight
shi el ding el enents of the pivotal nechanismare as
shown in Fig. 21; and Fig. 24 is a view show ng

anot her exanple of the pivotal nechanismin the

proj ection display apparatus according to the second
preferred enbodi nent of the present 5 invention.

DESCRI PTl % HE PREFFR ED ENVBOD|I MENTS <First .

Pr ef er r'e& Sragfxamplepf cplar drregularitigs alopgiarinerwhich occur when
onstruction of an il]unmination optical system1 in

g‘%?qééhw Fldpg; eg%mf‘dﬁf%?f{ tgsxplé(aﬁé!amﬁmlsmarw show injKig,i2d; and

crystal_Jlight valve according to a first preferred =
enbodi a8t 2hfs rdew shewing mﬁa@hpxmplem‘ the: pitetal rmeuhgnism in the
1, .the illum nation optical system1l includes a |ight
PEIgrsiop display;agparats apeosding ta thmsecond prefenrestembrgimennf the present
to the Ilight valve 2, an integrator |ens 4 disposed
myeatigiat h of |ight extending fromthe light source
system 3 to the light valve 2, a polarization

conversion el enent 5 di sposed behind 15 the integrator

| ens 4, a condenser |ens 6 disposed behind the

PESSRIDEION OFc ik #REFERRED EMBODBVENTSI el d | ens 7

di sposed behind the condenser lens 6, a polarizing
shiegitPréferretl Embedichebthi nd the field lens 7, and a |ight
anount adjustnment system 9 disposed in the path of

| i ght. Figel jsraoyiewtshowingithptangtrapioaroftan sllaintiéh bgtical system 1 in
i ncludes a projection optical system 20 10 di sposed

b pinoj etion hiisplayg Bppavahs/ 20 2singridliquid ciyedd liht Jalv®A8&Hding to a first
behi nd the projection optical system 10. The

pefested Umibodimeért| ot thel prdedthiavértion. ofAslshewh ih Iig.a1,StheGli@mination
color is shown in Fig. 1. Alternatively, the

prtivhbsisiean] ghichitlea ¥ [RROMIAE 2iSa Riht KBMrcé Brstéttl8 b directing light to the
conmponents 1 to 9 for each of the three colors: red,

e b g Ao Rty LR o e i
$duslsy§temiol fbPtht Bgh&aPEBA G polarization conversion element 5 disposed behind
the integrator lens 4, a condenser lens 6 disposed behind the polarization conversion
element 5, a field lens 7 disposed behind the condenser lens 6, a polarizing sheet 8
disposed behind the field lens 7, and a light amount adjustment system 9 disposed in the
path of light.

The projection display apparatus 20 further includes a projection optical system
10 disposed behind the light valve 2, and a screen 11 disposed behind the projection
optical system 10. The construction related to the path of light for a single color is
shown in Fig. 1. Alternatively, the projection display apparatus 20 may include the
components 1 to 9 for each of the three colors: red, green and blue, and further include a

light combination element (not shown). In this case, the light combination element

combines rays of image light for the respective colors together, and the projection optical
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25 conbines rays of image light for the respective

" colors together, and the projection optical 7 system

10 projects the conbined light ray onto the screen 11.

Next, the above-nentioned conponents will be

di scussed. The light valve 2 wused in this preferred

enbodinment is a liquid crystal |ight valve. Instead,

the light valve 2 nay enploy = DVD (Digital

Mcro-Mrror Device) or a reflective liquid crystal

di spl a 5 elenent. The light source system3 is

ﬁY%‘g‘F déd’r%%)ctﬁﬂiﬁ@embmee hight 18y ppte the spagenvidl ve 2, and

includes a |ight source 3a, and a reflecting mrror 3b

for ref Next thepbowermentipnedespmporents milhbetdissussednt The light valve 2

source 3a to direct the reflected light to the

uprdaig this preferagskenabodimentdsa lighid caystalpightvalve. t Hasteddg e light valve

source 3a used herein include a high pressure 10

AERBAPlpy APMB (Rigitad MictosMirrarddevice) enarefleative liquid crystal display

However, other light emtting devices may be used as

element.ght source 3a. For exanple, an LED (Li ght

Emtting Diode), a |aser, an el ectrodel ess di scharge

| anp anbhe hght|solree spsternel issprdvidédeo dizédt dipht tegtheilighowvalve 2, and

3b is of a parabol oidal or ellipsoidal configuration.

Hoheiesn lighteureeflagand a eeflectingmirddr Iefor hefleetimNthe light emitted from

configuration and structure if light is 15 collected

thetlight $oairqedacto idiradtithereflectedlightas tiel ig@pRatorJensand i s not

particularly limted. As an exanple, when the |ight

i nci derih general)examplegofthenightssurdk 3a5use@ heRinBRRide a high pressure

substantially parallel to an optical axis C, the

fretduey lanipg a Walog el lagt 4 atkeRdh ARG, OiHR eveR Bited R dnfifting devices

iIs wused. Alternatively, when the reflecting mrror 30

iy ®e @8d @k [th) Eghtdlurce O3 | TUF @kdrRple, #h LEDNAAYR Effifing Diode), a

may be di sposed between the |ight source system 3 and

[ab, aélBctfodleREs diSdhargd 120p 3R AR 18 niB/R Jslkg | 1 ght

incident on the integrator |lens 4 substantially

par al | t J.cal X] | ef.er 0 .

Fro 1o) RO BrGR sb 266 o pirtbdlahCLEARRAAE configuraion.
f Hal tendi ' . Sour o ts 1

A8ivBvaf tHe Igﬂ&%tﬁlg ﬂuﬁ%hp%vrg%‘gﬁ%qaﬁﬁgodgg%ghﬁlgg 20l Sificture if light is

system 3 an S an even

Ed et DR e gl)ﬁ}i%tltbﬂtéoﬁoerglgn element 5, and is not particularly limited. As

an example, when the light incident on the integrator lens 4 is to be made substantially

parallel to an optical axis C, the reflecting mirror 3b of a paraboloidal configuration is
used. Alternatively, when the reflecting mirror 3b is of an ellipsoidal configuration, a
concave lens may be disposed between the light source system 3 and the integrator lens 4
so as to make the light incident on the integrator lens 4 substantially parallel to the optical
axis C (with reference to Fig. 16).

The integrator lens 4 is disposed in the path of light extending between the light
source system 3 and the light valve 2, and provides an even illuminance distribution of
light directed from the light source system 3 to the light valve 2. The integrator lens 4

includes a first lens array 4a, and a second lens array 4b disposed behind and spaced apart
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light directed fromthe [ight source system3 to the

light valve 2. The integrator lens 4 25 includes a

first lens array 4a, and a second lens array 4b

di sposed behi nd and spaced apart 8 fromthe first

| ens array 4a. Each of the first and second | ens

arrays 4a and 4b includes a plurality of convex

| enses (lens cells) arranged i® a two-di nensi ona

array. The plurality of convex |enses of the first

| ens a%ray 4a are in_corresponding relation to the .

dram theifirst lgns arpay fige x Epelnefdbe fist MFES@@%W@S arE3¥s 4a.epd b includes a
1@, respectively. Correspondi ng ones of the 5 convex )
Inbyrality of cenvexdesisesdensicelin) exrangsediin awerdimensiqnabsrrayTh d'he plurality
pal ari zation conversion element 5 converts the |ight

ioh eppestlensgs phthe fisel lens areayiderare neasrespanding relation tthe plurality of
into one type of linearly polarized light to enmt the

Iconesxr lepsas odfathe zeeond; Igns array ¢tbp aespeétivgly. o Corsspaadingoenes of the
element 5 is disposed fromthe second |lens arrays 4b

fonvex lenses angdisposeddi dackatoeback otibmatiordi r ecti on. Fig. 2

is a view 10 showi ng the construction of the

pol ar i z&h¢ qolarizatiar sounersidre rebamiend A convetisnthet highthimcident on the
first preferred enbodi nrent of the present invention.
Aolasization ¢comvEisipn demeriteS b ane 2gte of lineaplyvigolaized light to emit the
el enent 5 includes a plurality of polarization

dimpatyapolarizdd light. 5@Thelipppigatibnatonvasionnelement 5 a5 d{sposed from the
exanpl e, of 45 degrees) fromthe optical axis C .
(secondriehsngrrays 4bhet arz appropidte @istanca iflthé &ldifeyti®l. Fig. 2 is a view
reflective filnms 5b disposed at an inclination (for

sh@wink ehe cdnsirhetibh sfalie peRYizAtioANdonké sidRteléhidnt 3XdcSording to the first
(extending in the z-direction) and each di sposed

peifeanembpdiment oLt Spredent BveRGORT | AR HWh REPRL 2l KRNpolarization
films 5a, and a plurality of A/2 phase difference

RbeesiorPElem¥ht's) iludes 8 PIiray dpoldtBatist &phkfibh @lms Sa disposed at
conversion element 5 which’is closer to the |ight

¥l iM&indtie foP Q:&!axhbre,g %f' ﬁ? gﬁlfgieebofr&% i[hE raicAl £Gs ¢ ftehlifhg in the

light having passe t’he pol ari'zati on

§Qf?1%51§"6ﬂ)9£‘ 8&#%1@ oP ?eﬂe%@ve-r ffné 5t9 H%p&?@ﬁ Gt %H%c?ig%iqnn(tf%r example, of

pol ari zat | ver sion el enent IS separa

45 %?%%%Zﬁgml fnd ik da)ﬁs' ??ke?éénégg #L%Qtzﬁg%e&'ﬁgﬁ and each disposed

pol a tiron separation zed

Ié’iétg%%% ia?ijg%&?{b?n% ng% %‘ﬂ%&%gg{‘ thsg;r)?arﬁ%lnaﬁ .n¥sagei1, UWd a plurality of A4/2
phase difference plates 5S¢ lying on a surface of the polarization conversion element 5
which is closer to the light valve 2 and positioned so as to be irradiated with the light
having passed through the polarization separation films 5a.

The light entering the polarization conversion element 5 is separated into
s-polarized light and p-polarized light by the polarization separation films 5a. The
p-polarized light is transmitted through the polarization separation films 5a, and is then
converted into the s-polarized light by the A/2 phase difference plates Sc. Then, the

s-polarized light is emitted from the polarization conversion element 5. The s-poiarized

light, on the other hand, is reflected from the polarization separation films 5a and then
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converted into the s-polarized light by the A/2 phase _
difference plates 5¢c. Then, the s-polarized light is
emtted fromthe polarization conversion el ement 5.
The s-polarized 25 light, on the other hand, is
reflected fromthe polarization separation filns 5a
and then 9 fromthe reflective filnms 5b, and is
thereafter emtted fromthe pod ari zati on conversion
el ement 5. Thus, the light emitted fromthe
ol ar,i zat,i on cgnversion . .elenment 5 s, for the nost )

the, yelledtive films; ﬁ’e&nﬁ iy Hereattgr emiited from the pejarization conversion
egjtteg f on1hg?w§olarization conversion elenment 5 to

- f bpus; tempted drom the pelasization camyersiogreleman § is, for the

Al 2 phase 5 difference plates 5c are positioned so as
{Rpshdarty ftheySpolagized ight neTe cguseathez light| ergitted frem)| et pelarization
fromthe reflective filnms 5b, rather than being
GeRYersihelgmsn Lto hegome, for thednest part, the pipolarized light, the A/2 phase
p-polarized |light transmtted through the polarization
diffsaence plates | Sengye positipned (spgast teabe madiawduwithehe s-polarized light
system9 (a |ight anpbunt adjustnment nmechanism is
aflosted depm they wgegiaaerﬁlms 5bi, trither thandbeink petitiortelsoanvoibt irradiated
of Iight directed fromthe light 10 source system 3
mathtthe pipolghized light ¢ragsmitibe throught theypolarizatiad jseysrationtfilms 5a.
system 9 includes a pivotal nechanism 9a including a
pai r of The light agiound aijusgmentesystamsd (i kghy aedubeidjestmerthfechanism)
first lens array 4a and the second |lens array 4b and
pi dispased) in thet path b tiphto indi ahaits thed amemthifdighodirscted from the light
signal detector 9b for detecting a video signal to be
soywcH $ystent B to ke lighgvalve \2al e 2ighDaaalft WdiisBnént spdtéth i Viicludes a
light anobunt ratio of the amount of light to be
fivoat tredhdnisnd 9a tifduding B tpair I Rphe sKicldgt dleméRs Hisf)osféfi between the
detection, and a pivot controller 9c tfor controlling

fitse lerBi araiyada My @Bt lehd arrRY UBLA PIPSHRNInSTHe IBrm of a pair of
based on the relative |ight anbunt ratio Tcal cul ated

Byubld %&k,%ﬁ%néﬂ AbR6foP Vb 96 deidcling 3 VidePsidhat b B ?Agd'uﬁgd #the light
I nechani sm

exanpl e of the configuration of "the pivota

Palvé D b BRcRaR] £r\dtRE l%g@ghng%hé 9’&%59&1? Qe L6EL; ttI) Be directed to

the first preferred i ment of the presen

DAL SRS iy, S O, St
pivBtaPRiovERaH Fthd Bfvotef SReHidi 9a't38ed on the relative light amount ratio
calculated by the signal detector 9b.

Fig. 3 is a view showing an example of the configuration of the pivotal
mechanism 9a in the projection display apparatus according to the first preferred
embodiment of the present invention. As shown in Fig. 3, the pivotal mechanism 9a
includes light shielding elements 9T and 9B. The tip portions of the respective light
shielding elements 9T and 9B are formed with recessed portions 9g (openings) for
limiting the passage of light. In this preferred embodiment, the openings are formed in a
region of the tip portions of the respective light shielding elements 9T and 9B which

corresponds to lens cells in contact with the optical axis of the second lens array 4b. The
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shielding elenents 9T and 9B are forned with recessed
portions 99 (openings) for |imting the passage of
light. In this preferred enbodi nent, the openings are
formed in a region of the tip portions of the
respective light shielding elenments 9T and 9B which 25
corresponds to lens cells in contact with the opti cal
axis of the second |l ens array #b. The 10 recessed
portions 9g may be of a concavely curved configuration
or of a tr.i angul ar cor}fi guration. In this preferred
SREFSHRdNBOTtions, Y dgth ke AT 7 Keneayeli GHgeed: sonfiearsion orgof @ triangular
one_lens cell in contact with the optical axis of the
Sopfigyration s In gyrqurquer@bodgngrpt; gmxhpf the openings corresponding to
configuration. Wth reference to Figs. 1 and 3, the )
(g dens ceﬁé’é Kentaet ithsthe joptieal axis ©f theieeoms! lens amrayi 4hyis of a triangular
el egents 9T and 9B toward the second lens array 4b to
Forfguration. h WVihwrferenessto Rigsghand 8 be pivptal drjeghanisg 92 pivots the light
ampunt of light. Instead, the pivotal nechanism 9a nay
(shiglding plementg 9T andi 9B wiward thesaeomddegsTarraydtbas deorsasecthe amount of
the first lens array 4a to decrease the anount of
lighht therebe adivgting] thesameunt tofidightro Unsteat, thé givotal Imechhrism 9a may
projection display apparatus 20 constructed in this
rpdyet élre light shigldirfg élémértts 9T @nd ABttowardfthofivst keas hirgyh#a to decrease the
source 3a which is substantially parallel to the
@prountof light, shefelynadiusting theeanfduntof lights array 4a, and is
split into a plurality of rays of |ight corresponding
to the Irthepegjedtion disphayeapphranse® doasthicsdd iafthis eanhér, atray of light
|l ens array 4a. The plurality of rays of |ight pass
temitteddfnorh hige Light se@pe Balivhithdo substantiinsgfalit td the opaédd aflis C enters
| ens array 4b. After passing through the second |ens
alier fiyst dds aifag 4| tiiclsl dpit @fto lapitralify bf B oRNIBhCEIMRPSRENG to the
for the nost 15 part into the s-polarized |ight by

80tivg dohiveXlghsek el RPbAThe 2Rkt 10 SHPRVAL SITOR Ll.ﬁn%rﬁfé i
$ﬁ§n, by passi ng ?hroﬁgh t he condenser Ienslg, t he ys of light

phasrtBioukl tHef cobrdyponaing ToRRIxAENSEE Bf the 98dond @é'rg array 4b.  After passing
superinposed on the [ight valve 2 to provide a% even

ithrbbigH e @G&)fn@l&{srdr}ly 4b? é)?ggls?&'(dggf)%f It Y?J%)é!oﬁm}'%d for the most

from sone of the cohvek

2l 8 50 R ek e .

optical axis C pas ens
t j par.akl el t he . .
8 P O3k bl ORLGF iy ot stz i

are superimposed on the light valve 2 to provide an even illuminance distribution. A
principal ray exiting from some of the convex lenses (cells) of the first lens array 4a
which are near or in contact with the optical axis C passes through the condenser lens 6,
and then becomes a ray of light parallel to the optical axis C again by passing through the
field lens 7. The polarizing sheet 8 allows only the s-polarized light subjected to the
polarization conversion in the polarization conversion element 5 to pass therethrough.
The s-polarized light is directed to the light valve 2. Thus, images generated by the light
valve 2 are projected through the projection optical system 10 onto the screen 11.

During the above-mentioned process, the signal detector 9b detects a video
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field lens 7. The polarizing sheet 8 allows only the
s-pol arized light subjected to the polarization
conversion in the polarization conversion elenent 5 to
pass therethrough. The s-polarized light is directed
to the light valve 2. Thus, images generated by the
light valve 2 are projected through the projection
optical system 10 onto the scrieen 11. 25 During the
above-nenti oned process the signal detector 9b

detects a video sig detects a_video signal _to be
Shesel e 8 Vidke SEGhi® beinpatie toghs ENOYRYA. 1 Basedtonghe result of

det ection, the pivotal nechanism9a is controlled to
idstsetions the pivelah mechapisnrOain eontrpllgd o improya e senteashofithe images on
S eC|f|caII§ t he Ilglt shielding elenments 9T and 9B
seieeadde r Speficallyethe lighbshieldingielemants9prd 9B itoy he described later
adJ ust (i ncrease or decrease) the amount of [ight
dré ronghy intg opsratine t9 adjhst (ingrease or, dexrense) thehameoutit 0f lightndirected to
of contrast will be described. For inmage display with
e ight@alve2gnal having high brightness, |ight directed
toward the second lens array 4b is not |ntercept ed.
For i madyextdthepdiystmgnt iof zontrase wik bgrlescribed.i nEprlimage display with a
brightness, light directed toward the second |ens
ytdeaysighbl hayingihigh beghteessplight diractod mward theesepantiiens)atray 4b is not
the | owness 10 of the brightness of the video signal.
Agersepted ci Far imegendispley withra vidéu gjpnddhiaging ies drighties, light directed
signal such that the relative value of the brightness
tdwardl ¢heviecanl lsnsuredy 4bsis ifd&epteédiBy aanmoiirdtlcoffespoading 1 & lowness
does not intercept the light directed toward the
st terttightiess effthelyidéd sighall iARtaeypeEifit exAbiplef fok B%%H -BHidhiness video
so that the relative light amount ratio of the Tight

dighsiciueH th&t tht helativ@ Mhaluy AfvBe Drightné08f thbSviliey s@néal ﬂemO% the
signal having a relative value of brightness of

phvotadineohaism D2 EERHos e éﬁ HeQight Birct0wald the eeéohg mns array 4b

directed toward the second | ens array 4b so that

étlintetcésts lob
(2 SRl 1s 000 @ TBMY o Uit g rlhiiVe it bfdOline bl P61 ) 1ipf directed to

ﬁ@h@% t Vatvd b ghiposgrount ratio enables the adj ustnent of
the brightness of displayed i nages to be

o Rl i by e Y9 e v
hfebinishfod ingé}éepm‘%] bt {lﬁtllg?lt dlI&Ved’ towg:d e \s/elsc%gg 1éhs ay 4b so that
the relative light amount ratio of the light directed to the light valve 2 is 20%. Such
adjustment of the relative light amount ratio enables the adjustment of the brightness of
displayed images to be approximately five times finer. Further, the pivotal mechanism
9a intercepts light to decrease the relative light amount ratio. Thus, for a video signal
having a relative value of brightness of 0%, the pivotal mechanism 9a intercepts not less
than 80% of the light directed toward the second lens array 4b to allow the display of a
sufficiently dark image.

In this manner, the improvement of contrast is accomplished by controlling the

pivotal mechanism 9a. Since the light valve 2 has generally constant transmittance, the



10

15

20

25

having a rel ative value of brightness of 0% the

pi votal mechanism 9a intercepts not I ess than 80% of

the light directed toward the second |lens array 4b to

allow the display of a sufficiently dark imge. In

this manner, the inprovenent of contrast is

acconplished by controlling the 25 pivotal nmechanism

9a. Since the light valve 2 has generally constant

transmttance, the 12 pivotal nmechanism9a is used to

decrease, the ampunt of light directed to the light

Pl Taechanispy B uSSH &R Aefreage thecmaunt allight digegsed fo the light valve 2,

?ﬂir*FgL ected. onto the screen 11. A relationship between
Peproviding ¢dark iprge e bsr prgiecied santethe jseren ddo A relationship

%iF nal dﬁmd the relative light anount ratio of ‘the o
| &ﬂen ¢ &8t Yabue RE the brghtyess é the videnpigrial and gk redative light

the 5 above-nentioned relationship, but may be a
amopgl aatio rof| thei dighhidirestedalyt ithhelight ovaliat2 tisenothilighitad to the
the relative value of the brightness of the video
@b@jteamentipned pelatisinghips butiraay b¢ auifferent|relgtionshipoesteblistidi so that the
is. Next, change in the relative |ight anount ratio on
thigher thgitelativg yelue of sheebrightnash ef theovitleabigodl is,hthe highet tie relative
mechanism9a will be described. Fig. 4 is a graph

tratio@s.r el ati onshi p between a pivot angle and
the relative light amount ratio for the configuration
of the Néxtpthahgeindtherdlativediphtvamountfratih oBthe Tight PalveoR based on the
angl e of the pivotal nmechanism9a shall be in steps
ont@] dd ghe pivotalithécharibar nodll e desgibed. Rigl @l Btd grphishowing a
between the length d30 of the long side (extending in

tedietionship betwteen apivot aggle ndthe rélativedliftht a@blust rab B the@nfiguration
second lens array 4b which are in contact with the

ofpthie pirotah nedh4nigh Shélvs iroFiges. IBhelpivetdglelor tHSpiveal mddtthnism 9a
is as follows: d31 = d32 = d33 = d34 =d30/2. In the

Stailll b2\ih BEpSIEST dégdédsO N Withifefedetcs tHBigP 9,@&9&%@&1%;5 Betwén the length
optical axis C and extending in a horizontal direction

430 ofleel ARG sife @Rtelidify i ifi th@RUiRBHGHY oF dABK I%? Ifﬂgéaﬁﬁk 2E11¢ 80 of the

the optical axis C and extending 1n a ver

e i S ks s V) s 0P s o1, 0
&WarddB4 is as follows: d31 = d32 = d33 = d34 = d30/2. In the following description,
an axis perpendicular to the optical axis C and extending in a horizontal direction is
defined as an x-axis, and an axis perpendicular to the optical axis C and extending in a
vertical direction is defined as a y-axis.

In Fig. 4, a curve 40 represents a relationship between the pivot angle and the
relative light amount ratio when the recessed portions 9g are not formed in the light
shielding elements 9T and 9B with reference to Fig. 3, that is, when the tip portions of the
light shielding elements 9T and 9B are linear in configuration, and a curve 41 represents a
relationship between the pivot angle and the relative light amount ratio when the light

shielding elements 9T and 9B have the configuration shown in Fig. 3. From Fig. 4, it is

found that, while the curve 40 has four flat intervals, the curve 41 is generally smooth as
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20 relative light amobunt ratio when the recessed

portions 99 are not fornmed in the light shielding

el ements 9T and 9B with reference to Fig. 3, that is,

when the tip portions of the 1light shielding elenents

9T and 9B are linear in configuration, and a curve 41
represents a relationship between the pivot angle and

the relative |light amount ratii® when the |ight

shi el ding el enents 9T and 9B have the configuration

shown in Fig. 3. FromFig. 4, it is 25 found that,

fpmpared mathcthe warvedtOrens shows thatthe pmpuntyaf| light ishementhly eidjustable.
41 is generally smooth as 13 conpared with the curve
Aberstre.sthefiermatign of 1tke tesessed portions utinjtke Eghsoshielding elements 9T
adj ustable. Therefore, the formation of the recessed
p@é?B@ﬂye@g thesmapth adjytimentiféheiimopnt bElighit s 9T and 9B

achi eves the snooth adjustnent of the anount of [ight.

Fi gs. Fighd addraze viewsshewingithgcdnfigumtions ofithe pivotad methanism 9a
the pivotal mechanism9a 5 including the |ight

yiclusiing thg lightshielimg Elenmmts 9B ahd 9Brigvirigethe esessed gortions 9g which
portions 9g which are different in triangle vertex
freodifferent inftritigle vartexTHimnc olndti fUFigt i30n The donéighiagbi of the light
shi el ding elenents 9T and 9B of the pivotal mechani sm
SlzieldingvaternentsHT and 9B Df shecpivéthbinechanisal 9 showalih [Fig. 5 is such that a
between the |l ength d50 of the | ong side of each of the
tedationsieip Ibstviedn akie 1dagth ¢SOCOMte 16MSsidé b ¥achOofdht Géhsadells 50 of the
in contact with the optical axis C and di stances d51

seednd (endl 2day 4b ashidlDhde GBontd& hvith BRAopticalodkis CNAd distances d51 and
configuration of the light shielding elenments 9T and

a8t fas félRpwat 491 AdsAREIENT THR ShfiplABn bPtheilEht $hidlding Yfehents 9T
that a relationship between the |length d60 of the

hit9B o é sibotBPmBcahish®a §W metik Se B0sueh tl&zﬂ% éﬁﬁ@%&?ﬁp between

lens array 4b which are in contact wth the optic

i 18ngth ARG ofl i1t RAE %ﬁqu%aﬁf' Igf gﬁf’legifégﬁ cffOOM tﬂ}@@écoﬁﬁéenszarray 4b

d63 = d60. The use of suc ! I'ng el enent
SRt Gy Ty il s ¢ SR OBLER G BOIRT sptpes
=g WnoT T e of Uy S BIEHARE0 ARG Lo
%ﬁé@?&? E?}I%h%gggﬂ{sﬂggﬁ Bgﬂ{e%i}ngﬁ%stegﬂgghﬁgs iilllciicuartreicn)aynt%ee: curve 41 of Fig.
4.

Next, a relationship between the configuration of the light shielding elements
9T and 9B of the pivotal mechanism 9a and an illuminance distribution on the light valve
2 will be described. Fig. 7 is a view showing the location of the light shielding elements
9T and 9B. In Fig. 7, d70a, d70b and d71 designate distances which satisfy d70a = d70b
and 2xd70a =d71. Figs. 9A to 9C show illuminance distributions on the light valve
2 corresponding to the configurations of the light shielding elements 9T and 9B shown in
Figs. 3, 5 and 6 when the light shielding elements 9T and 9B are closed for maximum

light interception and are placed in a location 1 shown in Fig. 7. Fig. 9A shows the

illuminance distribution obtained when the light shielding elements 9T and 9B are of the
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2 wll be described. Fig. 7 is a view show ng the

| ocation of the light shielding elenents 20 9T and 9B.

In Fig. 7, d70a, d70b and d71 desi gnhate distances

whi ch satisfy d70a = d70b and 2 x d70a = d71. Figs.

9A to 9C show il lum nance distributions on the Iight

valve 2 corresponding to the configurations of the

light shielding elements 9T and 9B shown in Figs. 3,

5 and 6 when the light shielding elenments 9T and 9B
are_closed for maxinum I|ight interception and are
(sPafiguation shopaciatkign3,jandigh 9Bhard §C showpthe ilhaminangehistributions
the 25 illum nance distribution obtained when the
lobtginedvhea) the lightshislding elempnts 93 and 9 are of thehonfigurations shown in
configuration shown in Fig. 3, and Figs. 9B and 9C

§iigsnStand 6, respeqtivalye e IniFigsr 94 de 960 the illbminanee] distréhutipheare shown
Ii.apt shielding elenents 9T and 9B are of the

yatx35gdeval igrayscelaown in Figs. 5 and 6, respectively.

In Figs. 9Ato 9C, the illum nance distributions are

shown Whe lec@bd-l|lies betwgemthedight exitifg Surfack of tkeifst 14ns array 4a and
lies between the light exiting surface of the first

ladocatian maor4be frilbwing teasasi oThé first donstaray #alahdthenljght valve 2 are
reasons. The first lens array 4a and the |ight valve 2

& eonjugate oeiptigatoeeach| ahérpand if thadigho shieldingaelémiciits t9Teand 9B are
light shielding elenments 9T and 9B are placed near

phaeed ineat theefivst dons ayra§ada, tthe comifurg@ionabf et 4p polttorsi ¢f the light
portions of the light shielding elements 9T and 9B is
shinldétg cdeméeIT iagd OBV Invged on\hd Bht vaBk|2l Svhidh results in unevenness
unevenness 10 in illum nance. That is, the pl acenent

of illufigndncg ht Tiel ise tidi plite@eRBTIASlight sRiBMIiR1888kts Y08nd 9B near the
light exiting surface of the first lens array 4a is

fight X@fiigl sabhee SR BER 1k aﬁbif_ggfscr&!ﬁ 465 BleWecarst %g the occurrence of

unevenness in illum nance. r such reasons, th

RGaicv&iheds inSlIHRIHAGT iFr %&%Egoinﬁ,nthe ¢ RREH 1§d ‘é‘cé i% p position

second lens array 4b than the [ight exiting surfac
o U A PR A B LR
L %Vl R Ml S R b 8 i 4 s e
P HE B 58 ROALRS, B A TS, RBhS Shollf s e
Whah er&;egsrei Fa%r 8‘£cd1é sh tcaxrnae Sout gmst edcee%jtegJ noafl {he l?ghrt e\%.ilv%nz The
reference numeral 80 designates trajectories of light rays, and 81 designates a region
containing the positions of the light rays which accomplish the formation of an image.
From Fig. 8, it is found that the light rays near the first lens array 4a form an image on the
light valve 2. In other words, it is found that the light valve 2 and the vicinity of the
light incident surface of the first lens array 4a are in conjugate relation to each other as
mentioned above.

With reference to Fig. 9A, it is found that the unevenness in illuminance is

observed on the screen 11 because of the presence of a dark region 90. However, since

the region 90 is small, the illuminance distribution shown in Fig. 9A is less uneven in
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contai ning the positions of the |ight rays which

acconplish the formation of an image. FromFig. 8, it
is found that the light rays near the first lens array
4a forman image on the 20 |ight valve 2. In other
words, it is found that the light valve 2 and the
vicinity of the |I|ight incident surface of the first
|l ens array 4a are in conjugatgsrelation to each other
as mentioned above. Wth reference to Fig. 9A it is
und that the unevenness in_illumnance is observed
d upigance thansthe {Hurpinangedistgputions shewm émEigs.1B andi9¢ jobtained by the
regi 90. However, since 25 the region 90 is snall,
s 0? ﬂ?eulmﬁ ahielding elements (AToands 9B \of Bigs. Siand ©10 be desssibed below.
ungven in 15 illum nance than the illum nance
Q¥ itk refergnceotesFigh BRnthe inevennessoiB ilnmiraaeefst clisprved lop théiscreen 11
use of the light shielding elements 9T and 9B of Figs.
beeayse of the presente of pirggion Bt Hwonis davii ard kargeer dvitterefarerdego Fig. 9C,
9B, the unevenness in illumnance is observed on the
dher wrgvenmess e dhwsinanst is lobsepveslsem the stfeen beeguserofOthe tpnasence of a
is dark and large. Wth reference to Fig. 9C, 5 the
egerefhbetis adinear biightwegion. i s observed on the screen
because of the presence of a region 92 that is a
| i near llnrdogkitienaéqi ofithelavenness bfithedilumihanée diseibasien)ieiStherefore

of the illum nance distribution, it is therefore
desiablelthat the abnfigeraticanshogar it Fign3 3 aved, i.., g thtridhgle vertex is
used, i.e., that the triangle vertex is p03|t| oned in

pbitioried dh eheohiddheof e Wori side 6ff eaCiR L lceM 30 GE ke 280 lens array 4b
the second lens array 4b 10 (or that the triangle has

¢orlthstethiuiiangld basca Basdewidth @28 Bide &Feasieldns 3011130 lﬁ%héet with the
with the x-axis and a vertex positioned in the md

efaxB fhiddevereR posifioidrasRd nlidild BLa BRS Qﬁerwi‘edf) o§e|HQO|’dlegt?§se) when

shielding elements 9T and 9B of the pivotal rrechanl sm

the laghe sﬂﬂeﬂﬁ@el'eﬂxeﬁ@ DT hRCIBIdFhd %ﬁ«iﬁnécﬁ 59 92 are &)laced in the

Since the light valve 2 is in COJugate relation

Lot ciCr $8%m if Fig.an &Y arg:g t{l% hgnw J&Wé@lsq %Bfglug E'r&gti to the screen

the |ight val ve 2 1 even 1| umn nce

ijl Sz{nr &RHLiIERIRAA H%trfb‘ﬁﬁgl? %n:]tﬂx? [l{ghl]g % Je 4&% to% S&8YWlluminance

| um nance distributions o
dlstnbutlon on the screen 11.

Figs. 10A to 10C show illuminance distributions on the light valve 2
corresponding to the configurations of the light shielding elements 9T and 9B shown in
Figs. 3, 5 and 6 when the light shielding elements 9T and 9B are closed for maximum
light interception and are placed in the location m shown in Fig. 7. InF igs. 10A to 10C,
the illuminance distributions are shown with 256-level gray scale. Fig. 10A shows the
illuminance distribution obtained when the light shielding elements 9T and 9B are of the
configuration shown in Fig. 3, and Figs. 10B and 10C show the illuminance distributions
obtained when the light shielding elements 9T and 9B are of the configurations shown in
Figs. 5 and 6, respectively.

With reference to Fig. 104, it is found that the illuminance distribution is even.
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corresponding to the configurations of the light

shielding elenments 9T and 9B shown in Figs. 3, 5 and
6 when the light shielding elenents 9T and 9B are
closed for maxi mum I|ight interception and are placed

in the location mshown in Fig. 7. In Figs. | QAto
ICC, 20 the illum nance distributions are shown with
256-1 evel gray scale. Fig. | QAeéshows the illum nance

di stri bution obtai ned when the |ight shielding
E\lve n}s 9T and 9B are of the _configuration shown in
g‘.ﬂefs erepnel 1-Figs 10Bothe amevenogss Jp aluminandgel is @hsarggedcen the screen 11

di stributions obtained when the |ight shieldin

hespusptod therprgsenco pf 4 region lphéhaiomﬂmg(@éﬂmas %&mfarence to Fig.
Fi%s&. 5 and 6, respectively. 25 Wth reference to Fiu%.

11054 the yneyenness indlluminangenie obsarved omithe scrgers 1 | bbeausoef the presence
even. 16 Wth reference to Fig. 10B, the unevenness

iof ajrpgionil O thekisinet latgedn sdladn t he screen 11  because

of the presence of a region 101 that is dark and

| ar ge. Wi therefprermont desimablei that thé @D figutation skovemineig. 3 is used, i.c.,
illum nance is observed on the screen 11 because of

tthat the timegleaertex isgpositignehinitBe ntididie of therlomig side gfedehtlerisscell 30 of
dark. 5 It is therefore nost desirable that the

db$eicgur kens amays4tofon thantheittiangle has alsaselwhichds a side bachhens cell 30
triangle vertex is positioned in the nmiddle of the

lin egntaétdeitinthe xeaxis drensvereik|posifiondd intthe nfidile bfla kidd $hereof opposed
array 4b (or that the triangle has a base which is a

30 de tabe)osieh thelightGhieldigelemBnts 9Mtang OBVdfithe piv6takmestiahism 9a are
and a vertex positioned In the mddle of a side

tptzed of the pRatiédm shewheFipase) when the |ight shiel ding
el ements 9T and 9B of the pivotal nechanism9a are 10

pl aced Figst NeAl @ aticohows NRikinddte FiBtribltiofd 98- the1AighC valve 2
11C show i |l um nance distributions on the |[ight valve

ZorrePoh&AR % @ie”&nh@uﬂaﬂ@nscﬁgﬁxé @i%%@&ﬂié]&ﬁxg Uerhdies 4T %ﬂ&a r9]g shown in

shi el ding el enents 9T and 9B shown in "Figs. 3,

Fiphensthg ¢ wakl th%fli%%lk gthitgfali% BRBS .9%&&% €W élB{eng(% maximum

closed for maxi mum erception a are p

'lcfghti‘%l'tét?ﬁ%hlbﬁ :aag‘naﬁegﬁ%\ée%dgﬂ alo til?tan L v Fig 7 A[Vr\xlitlﬁﬁ&]llA to 11C,

I stri i ons aré shown

SiluiNfincd rdPsi‘xib?ﬁi@hseare Fshg\?m %Jafh fﬂ’)qi@’%elt é}gy scale. Fig. 11A shows the
illuminance distribution obtained when the light shielding elements 9T and 9B are of the
configuration shown in Fig. 3, and Figs. 11B and 11C show the illuminance distributions
obtained when the light shielding elements 9T and 9B are of the configurations shown in
Figs. 5 and 6, respectively.

With reference to Fig. 11A to 11C, it is found that the illuminance distributions
are even in all cases. In particular, the illuminance distribution on the light valve 2
shown in Fig. 11C exhibits a high degree of evenness. Thus, the unevenness in
illuminance on the light valve 2 does not result independently of the position of the
triangle vertex of the light shielding elements 9T and 9B when the light shielding

elements 9T and 9B of the pivotal mechanism 9a are placed in the location n shown in Fig.
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i1 lum nance distribution obtained when the |ight
shielding elenents 9T and 9B are of the configuration
shown in Fig. 3, and Figs. 11 B and 11 C show t he

il lum nance distributions obtained when the |ight
shielding elenents 9T and 9B are of the configurations
shown in Figs. 5 and 6, respectively. 20 Wth
reference to Fig. 11 Ato 11 @ it is found that the

i I'lum nance distributions are even in all cases. In

particular, the illumnance distribution on the |ight
Valve 2 shown in Fi g. 11 C exhibits a high degree of
evenness. Thus, the unevenness in illum nance on the

| i ght vREXtethe tgmdescy,of thedbuminanegidistsibution by thsf lightevalve 2 will be
position of the triangle vertex of the |ight
serognigechguantitativelys  Bie. AAds @Braphshowing the rflativeright dinaynt ratio on
25 elements 9T and 9B of the pivotal nechanism 9a are

ihedlight valve 2him theoedir¢ation as obteinad alongiliges 90k, 9¥b andR2c, which are the
the tendency of the illum nance distribution on the

Kiaxhs show én Figsi 9A twe9Cr e Tbehiorsunta) Lexid df &ig. VIl gorréSpands to the
12 is a graph showing the relative Iight anpunt ratio
borizanted alxisgéft the dighievdlve B shben)in Figse OAI tor0Gis Inlfigi B curve 120
along lines 90a, 91 b and 92c which are the 5 x-axes

sdpoesants rthd-rejtive Iight am®Git ratie alomgithe hihel90axd suroé 11 gepresents the
12 corresponds to the horizontal axis of the |ight

valatire 1izhs At iratid-algag theAink 918,Gnd lartuivegl 221réprefentsithy €elative light
120 represents the relative |ight amount ratio al ong

timeunti ratio Addg the litié ¥2c.1Ah debrak I8 telativielight @h@uhtvRtio of not less
light anpbunt ratio along the line 91b, and a curve 122

A1 6036 WinSthe Nexh 8Bl ¥ €0 It Bt cantBOWMH toapre@nBnBNGobIBA with the
line 92c. In general, the relative |ight anount ratio

eVenfeds ih §BemihEndeN 2WigD 26rGendet® Hif Ot aMAIf\Re durb&s 120, X21 and 122

can be said to present no problemwth the evenness

kKbw tHe4Blafi@Ght aliobh: fafb SF ROCHRe4t& tﬁbx?60%%n tﬁ+ gﬁlt‘ﬂfvai\}y? (0 to X).

curves 120, 121 and 122 show the relative (
DUIP Riing 428 U2 (RL120 HhRG fle et BHCERT chificns g 12

hi bi te .t ; ‘ . . . .
b1, g1 g A 0 B R R R g v 21
fRty-8irQHioh A€ otdaﬂa'%& aYo%lg\ﬁﬁ*leg 1b8%, 101b and 102c which are the x-axes shown

in Figs. 10A to 10C. The horizontal axis of Fig. 13 corresponds to the horizontal axis of

the light valve 2 shown in Figs. 10A to 10C. In Fig. 13, a curve 130 represents the
relative light amount ratio along the line 100a, a curve 131 represents the relative light
amount ratio along the line 101b, and a curve 132 represents the relative light amount
ratio along the line 102c. With reference to Fig. 13, only the curve 130 shows the
relative light amount ratio of not less than 60%, and it is found that the cufve 130 exhibits
the even illuminance distribution on the light valve 2. For the curve 132, the relative
light amount ratio is low in the positions indicated by "0" and "X" and slight unevenness
in illuminance is observed on the screen 11. It is therefore most desirable that the

configuration shown in Fig. 3 is used, i.e., that the triangle vertex is positioned in the
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15 the x-direction as obtained along lines 100a, 101b

and 102c which are the x-axes shown in Figs. 1 CAto

| OC. The horizontal axis of Fig. 13 corresponds to

the horizontal axis of the light valve 2 shown in

Figs. 10Ato 10C. In Fig. 13, a curve 130 represents

the relative |ight anobunt ratio along the |ine 100a,

a curve 131 represents the religtive |ight anount

ratio along the line 101b, and a curve 132 represents

thg fel tive light ampunt 20 ratio along the |ine )
frjddle ORgFide h {egs eell 30 ofithe sppopd dens agray ¢l (orlmt the triangle

ﬁgg the relative |ight anmount ratio of not |ess

A W/é’vh&hds i2t sides of gachdensnenll 3hin eentget Withothexdvxis and a vertex
the even i|lum nance distribution on the Iight valve
posifigped; inthe middle pf2 siderthereef epnosed to thg hasedwhentthe lightoshielding
is lowin the positions indicated by "0" and "X' and

Slememts YnandkAB ©f she pivotal mephanisi 8a are placedrindhe oratidnem shown in
screen_11. It is therefore nost desirable that the 25

Eigfli gln s ease, Shroiliuminansé distributien isswen on the screemat. t he
triangle vertex is positioned in the 18 mddle of the

| ong sibig. bt iseegraph shosvingthe rélativf light emeentantio be tie light valve 2 in
array 4b (or that the triangle has a base which is a
ghege-diséctioncls obtaredaddng 13@si140g dritl hahd Wl 2diwhich axe theixsaxes shown
and a vertex positioned in the mddle of a side

ithBige.offl Aotopld€ed The hbtigorttal wejs oftRig 1dhereimphts ®hthe hétizvmtal axis of
el ements 9T and 9B of the pivotal nechanism9a are

Heakight vialvet hehdvac &i Figs. M .41eWr1C. N I Fip.dl4, 4. curVe 140 Sepresents the
case, the illum nance distribution is even on the

salatberlighl ambugk rafié alohgah@liap 164) Aurge | NP rdpésthts e relative light
light anount ratio on the [ight valve 2 in the

amdinitaatio abngghoihaiinesl @doneurvt 183 rdprbentslthd rBla@dlight amount
112c which are the x-axes showmn in Figs. 11 Ato 11

Gatio HienghtBe AN 2. aWith r&brehbdto liig.v R GSTRRO EsvEL1 400841 and 142

hori zontal axis of the light valve 2 shown in Figs.

dHovAtHeCrefbivElightarfibuht ratfb oiand‘t%éé%&xf‘@o%%ﬂ{ e ?v%géz (0 to X).
I e line~11 , a

10 relative lIrght amount ratio along th

THE ¥@vd 442 EERIEHE [i‘élgt’i\;eglg%ﬁ %h@hhtvx%ﬁ!i Iﬂg Q;}proﬁﬂ’& g&tﬁhéesothan 70%,

along the line 111 a curve epresen
48 ARl SR oot A B 3655 bl mos
debirabiZ At O B GhA o plobiTh JATDE B ulet 18, B B etai® vertex is
positioned closer to the optical axis C than the middle position of the long side of each
lens cell 60 of the second lens array 4b (or that the triangle has a base which is a side of
each lens cell 60 in contact with the x-axis and a vertex lying in a position where a side
thereof opposed to the base is in contact with the y-axis) when the light shielding
elements 9T and 9B of the pivotal mechanism 9a are placed in the location n shown in Fig.
7. In this case, the illuminance distribution is even on the screen 11.

To provide the evenness in illuminance distribution in the projection display

apparatus, it is therefore desirable that the triangle vertex of the light shielding elements

9T and 9B is positioned in the middle of the long side of each lens cell 30, as shown in
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The curve 142 shows the relative |ight anmount ratio_of

approximately not less than 70% 15 and is considered

to exhibit the highest degree of evenness. It is

therefore nost desirable that the configuration shown

in Fig. 6 is used, i.e., that the triangle vertex is
positioned closer to the optical axis C than the

m ddl e position of the |long sijde of each |ens cell 60

of the second |lens array 4b (or that the triangle has

a_base which is a side of each lens cell 60 in

dogit hovheg; the light shieldingselements ATeande®B |of ithe) pivietad mechanism 9a are
position where a side 20 thereof opposed to the base

ipdaced, betyyeen dhe lightiexiting sprfags of thetfamt lehe atrayyHe and the light incident
shiel din el ements 9T and 9B of the pivotal nechanism
surfagecofifhe secand fens lagray dbdpr placed inHbevtodatiorimgshown. in|Fig. 7). It is
this case, the illum nance distribution is even on the
lspedasirabile tha the oviangle tveeter f nthe dight rshieldingrickearnes 9T and 9B is
distribution in the projection display apparatus, it
ipesitipragdedlosee tal thei aptibaleaxish@ttharhthetmiddlegpasitionrdfeake ingtdide of each
light shielding elements 25 9T and 9B is positioned

ilenstdell 66, cidllshowh ib IFég.| §ngheni the lipht shieldingcelsmerts 19T38nd 9B of the
as shown in 19 Fig. 3, when the |ight shielding

pheta mahdidisarma 48 phiced blvsg tocthelligheindRiehssirRde af ¢he second lens
pl aced between the light exiting surface of the first

larray 41 than thet gl Riting Suifagivf theBistRAS arr$tdd @€ placéd fnle location n
second lens array 4b (or placed in the location m

shownin FigPhg. 7). It is also desirable that the

triangle vertex of the light shielding elenents 9T and

9B i s SNesh tdlanRichifbRERlen iRurh BAnQPAisEBLLGHSI 8 tile fifBens array 4a
the m ddle position of the | ong side of each |ens

afd theQ@corﬂSleﬁshgfngiﬁ‘wﬁl Be dSscribbien | Hige lhk%tIS%@h%wwﬂlmninance

el enments 9T an of the pivotal hechanism 9a are

SR 3R 15 LA i OOl S 0 AL chl ominc
Glctfiihf e it o (P 58 1 48 0CT1 KRR 150
R T R U T TR
2 AP SRR 1 B B e e
Wﬂicihl z!ufg 'Ho'g 30 Contact with the optical axis C are shielded from light by the light
shielding elements 9T and 9B closed for maximum light interception. Fig. 15B shows
the illuminance distribution at the light exiting surface of the first lens array 4a, and it is
found that a region near the optical axis C is dark.

With reference to Fig. 16, a dark illuminance distribution is provided near the
optical axis C in Fig. 15B because a recessed portion is in the form of an opening as
indicated at 161. Fig. 16 is a view showing that light emitted from the light source 3a is
reflected from the reflecting mirror 3b in simulation. The reflecting mirror 3b shall be

of an ellipsoidal configuration, and a concave lens 160 makes the light emitted from the

light source system 3 parallel. In general, there is a valve for the light source near the
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di stribution at the light incident surface of the
second lens array 4b. In Figs. 15B and 15C, the

i I'lum nance distributions are shown with 256-1evel
gray scale. The illum nance 15 distributions only in
regi ons 150a and 150b in Fig. 15A are shown because
the lens cells which are not in contact with the
optical axis C are shielded fromlight by the Iight
shielding elenents 9T and 9B cl osed for maxi num | i ght

gerce % 15B shogs the illum nance

i a1% Con The Talsents RHperaly| &1 ingicaigs fhecreoessed Rertiop byimeans of
ns arr and it is found that a region near the

aﬁe Yalyg- esfe@S?@ RPAYQN preenty @ Rostion dust gk thethgclrthereof drom serving

a daeéﬁlllun1nance distribution is prOV|ded near the
dpeirebgctag myrrer.; (Forihjs repsm., thecamanant of Heltasardie gptiedl aris C of the
is in the formof an opening as indicated at 161.

Hirg) lensgriay 4 isgelagiveliidoWng that 1ight enitted fromthe

light source 3a is reflected fromthe reflecting

mirror Bhe lightexitingfram regionsd Saflsébi ixlg and d 5 st Sl®lwn in Fig. 15B is
shall be of an ellipsoidal configuration, and a

colieciadein rsgiong 462a1diReb, 132e and gid ehown énl Fig: d6Ct hd iathence found
| ight source system3 parallel. In general, there is a

Jadlt Vight exiting from; aghrisitivn aperé foenthe toptical Gxisapbf thelfirsbiess array 4a is
C. The reference nuneral 161 indicates the recessed
igoMectesimepy/thawatical exis G ¢fahe sdcomd lefiharrayedtessed porti on
prevents a portion just at the back thereof from

ser vi ngForabe aveneillimirianogdisiribution ofr e light valveasiiiis héree necessary
anmount of light near the optical axis C of the first

ltee resvoit raay prhatidablyr @k aposgidley shieidind bHpht | paitiénse st t the Jilluminance
fromregions 151 a, 151 b, 151 ¢ and 151 d shown in
Bisgibutidfs blsowic il Figs!t BSA itd) 15€01 Spéeifidaly, it 15 AbsirabR2hafi@ triangle
152d shown in Fig. 15C. It is hence found that |ight

oiitdx GOthe igM shiglemi teléMiendPST bnd OB pb&itioRid ihahe Aiddle 6f the long
of the first lens array 4a is collected near the

8idt bf dachaxiscell 30f(of thet hEGRAGI DA bade V@Bﬁcﬂ% a §i @é’ oft é&@h lens cell 30
even illum nance distribution on the light valve 2,

iBcdHRdte VithQRe §%§fsyand ]aQ'ehgx g&?ﬁ@neﬁsin fﬂ?eaﬁdef@& ¥side thereof opposed

possi bl e shielding bright portions o | 'um nance

EB el LY 2@ @ﬁ? : id "8 KlRs: thégf@h{ thidiafne FBGENE 97U 9B of the

is desirab at~ the triang
plvotal mechanism 9a are placed between the light exiting surface of the first lens array

4a and the light incident surface of the second lens array 4b (or placed in the location m
shown in Fig. 7).

It is also desirable that the triangle vertex of the light shielding elements 9T and
9B is positioned closer to the optical axis C than the middle position of the long side of
each lens cell 60 (or that the triangle has a base which is a side of each lens cell 60 in
contact with the x-axis and a vertex lying in a position where a side thereof opposed to the
base is in contact with the y-axis), as shown in Fig. 6, when the light shielding elements
9T and 9B of the pivotal mechanism 9a are placed closer to the light incident surface of

the second lens array 4b than the light exiting surface of the first lens array 4a (or placed
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vertex of the light shielding elenents 9T and 9B is
positioned in the mddle of the long side of each
lens cell 30 (or that the triangle has a base which is
a side of each lens cell 30 in contact with the
X-axis and a vertex positioned in the mddle of a side
t hereof opposed 15 to the base), as shown in Fig. 3,
when the light shielding eleneats 9T and 9B of the

pi votal mechani sm 9a are placed between the |ight

exi.ting surface of the first lens array 4a and the
|1 gilo @P&éﬁ?wgm%c ‘of the second lens array 4b (or

placed {n the location m shown in Fig. 7). It is also .

desi r abhe‘s {oRasidgred tq S’F é%railq/&af the wranglgverteyof the light shielding

shi el di %£§$Ents,9T and 20 9B is positioned closer -

leraqgis hend, 38 eposisioned farthet framihe apicab s O o the el position

I si de, of each lens cell 60 (or that the triangle

iod dhe,fopa side nfieash tegs gelL50i(ordhat b Hianglechas el baseshich a side of cach
ontact with the x-axis and a vertex lying in a

E%%Si el mysentactawith the x-meis and agjspes bing i a hesitiorneppoasite from the

in contact with the y-axis), as shown in Fig. 6, when

tPReitipp yrheres thieeside thereaf coppased todthe hask BBinofontdee withy theay-axis), as

mechani sm 9a are placed closer to the |ight incident

shown éeFigf S2wherhthe dight shdeldingelemendsy 97 land BBroftthe piviogh mechanism

exiting surface of the first Iens array 4a (or placed

92 arq placeadecloser tot thehight etitngsurfacéofjtheRecondtlenssarray 4b than the light

considered to be desirable that the triangle vertex of

ekiging isgface sifithel fiistrigns ataydar(bsplaceddn thedBedtion p slsovn rEig. 7).

farther fromthe optical axis C than the mddle

posi ti oNextphn titheminang: distibutién @adha tedativeclight abfduGOkatio obtained

that the triangle has a base which a side of each 5

Iwdes light $hiclding relenmsitdifferint b édiffigiirativh Srond thedabs@é-tioned light
lying in a position opposite fromthe position where

thieldirigerhdis SHwvnGRPASEE, 3 ghd A&ilDBS Gestiibdd w%}t #TA and 17B show

with the y-axis), as shown in Fig. 5, when the |ight

el ilhMimgcedieriiion S tRNhY Bal9t 2tdAa thi NpiiRE HIRCAARNR Bitio in the
9a are placed closer to the light exiting surface of

khiBre8@SiOMdng ANEneal 702¥erthlg tBaRe kD&id WAlth ar@¥blaiddd wlhen the vertex
surface of the first lens array 4a (or placed in the

T M S P e 5% - 4,
eRf33ial89431x 3 = d32 and when the light shielding elements 9T and 9B are placed in
the location 1 shown in Fig. 7. The horizontal axis corresponds to the horizontal axis of
the light valve 2 shown in Fig. 17A. The illuminance distribution is shown with
256-level gray scale.

From Fig. 174, it is found that the illuminance distribution on the light valve 2
is even, as compared with Figs. 9A, 9B and 9C.  Although the relative light amount ratio
in the x-direction is not greater than 60% in all cases in Fig. 12, it is found that a curve
171 shows the relative light amount ratio of not less than 60% in the range from 0 to X.

It is therefore desirable that the triangle vertex of the light shielding elements 9T and 9B

is positioned farther from the optical axis C than the middle position of the long side of
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when |ight shielding elenents different in

configuration fromthe above-nentioned |ight
shielding elements shown in Figs. 3, 5 and 6 will be
descri bed. Figs. 17A and 17B show the illum nance
di stribution on the Iight valve 2 and the relative
light anbunt ratio in the x-direction along a line
170 serving as the x-axis which are obtai ned when the
vertex 15 triangle of the |ight shielding elenents oT
angh§§§| S|t|oned to satisfy d31 = d34, d32 d33

cgl1 30 (optmt Hectrigngln hene hasegwblcbns &l sifleref each lens cell 50 in
el errents 9T and 9B are placed in the location 1 shown
i Gonfechy with the xeaxis) and grivestex :pesitionest fasthen fiwm the eptisal axis than the
horlzontal axis of the light valve 2 shown in Fig.
fiddle{a sidq thereptonpesad tothe base), anstiosvnsindiig Swivhbn the light shielding
256-1evel gray scale. 20 FromFig. 17A, it is found
tahements, 8T jand phheepiviotal methanison9aaret Iﬂeceldl ajoser tathedight exiting
is even, as conpared with Figs. 9A 9B and 9C.
AN h‘%ﬂ&frfh? peeoné lens iawray Hb giian thertighttexitintg smrfacenoft the first lens array 4a
Xx-direction is not greater than 60%in all cases in
Kppplaged injthe losatiopurstiowhan Fig. @ur dowdyd, if thewusargievertex of the light
relative |ight anpunt ratio of not I ess than 60%in
tshisldingglements 9T0antdOBXis pdsitioned tdvefae fonethdaniddriositionasf the long
the triangle vertex of the light shielding elenents 9T
ailg oy BactBensscefidid) themnevknhesstit#lunfingite rdvaltopi ihedightwdlve 2.
C than the mddle position of the |ong side of 22
each | eNextctleladpf3tnhent of kiRtanidi@t bf iightglil Beafes@ibeas €The amount of
which is a side of each lens cell 50 in contact with

tlight seaching tharlightvales D elerif® Sel @i ffknd gt h@ercEptRiR (Wien the amount
optical axis than the mddle of a side thereof

P pizhe dedching e RBEAY. 1eAS W is"midiflized) isMR@0cddNBy bri
l'i ght shiel gi ng elenents ng ang 9B o%zet)hés pi vot agy ringing the

RsekRa ipsrticRs of tife 1hR SIRiEldfeQiGherdt® 9T RRd |9B93}{th@F Eﬁ' theghanism 9a

surface of the second | ens array 4b than the

entb lcbRespoHAdNRE Wil tht s fc'efls°’ Bf e ns%(ﬁfd'_{ogﬂs afr?ary 463?}){&?}%?% contact

in the l'ocation 1 shown

S et L e
%spéd?ﬁ?ef ge theséeggndo{ |4E 2}5]}1&16 lﬂ{ ulaFthg WA fa?lr&ﬁ%g that the

in il nance resu

ﬁ%lé oL cuﬁiloﬁ t23‘13'e %?&gx%d Of aW values 8% (r:éspec%ve lens cells.

Since the second lens array 4b is symmetric with respect to both horizontal and vertical

axes, the amounts of light are shown only in the first quadrant (the upper right quadrant)
of the second lens array 4b as a typical representative. ~Also, the amounts of light in the
entire first quadrant of the second lens array 4b are shown as normalized to sum into
100%.

From Fig. 18, it is found that the lens cell through which the lowest amount of
light passes of all lens cells arranged in a row H1 is the lens cell in contact with the
optical axis C and having coordinates {H1, V1}. To reduce the amount of light reaching

the light valve 2 during the maximum light interception (when the amount of light
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10 light reaching the light valve 2 during the_ maximm

light interception (when the anobunt of |ight reaching

the second lens array 4b is mnimzed) is reduced by
bringing the recessed portions of the |ight shielding

el ements 9T and 9B of the pivotal nechanism9a into
correspondence with the lens cells of the second | ens

array 4b which are in contactswith the optical axis

C. Fig. 18 shows the ampunts of |ight passing through

the lens cells, 15 respectively, of the second |ens
aeachipg Abe sepondilens arrayAbois iminiodizdd), it isrth¢raforodesirable that the lens cells
the results of calculation are presented as nuneri cal

v theerow H1taxeeptebedansiogd Hawing thecberdina®is {#H, (Vg are shisliled from
lens array 4b is symmetric with respect to both

hight. zont al and vertical axes, the amounts of |ight

are shown only in the first quadrant (the upper right

quadr anWith referénice again oo dfig. SnHightr naps/ exdting from thy peltsin a peripheral
representative. Also, the amounts of light in the 20
@nttioneoff the secapdakins atrap f4bt éntersthe dight valve Zat aylarge iacident angle.
shown as nornalized to suminto 100% From Fig. 18,

Becawse bb thedchhiaeteristiv df elneslighe ivalve [2; cotgiastdidcedasdsheith the increase in
| onest amount of |ight passes of all lens cells

thier iatcigent anpleaat aiehHlglhit eniehictht dight vaild 2.1 NFerQhisaedsomy it Ik desirable
the optical axis C and having coordi nates (HL, V 1).
iopreeelitae ddtecasdiiictntradt Uy fofthing @@ dpehigig 29 a ipbftioni (ffthe second lens
valve 2 during the maxi mumlight interception (when

bitgy abuuidte B ihdi@dht adgle i§ SAGINI NW id Aéhce Yesitbld OB rMah@pening at
4b is mnimzed), it I's therefore desirable that the

kiRNodi8inktes {m,t e} roMerEltheXa&iBEntt Bzlé §9hE QmallBRY | Hirther, the
the coordinates {Hl, VI) are shielded from 1|ight.

PP s miAga: e L T, VA EUETAL D e s

PEFRR B ol ETAL 0K ORI K 5o o omparison it

e o B g GO, K SRR 48y, e o
© T8 Bend BN Einde o e bl BEASA ol §iBafleR 20" ©

O prevei ecrease n contrast ormng an
Opent NOriik ¢ d 8\% o9 re gtivteqlegh§ %ﬁl%%t ll'a%gss of the light reaching the light

-

valve 2 for the illuminance distributions shown in Figs. 9A, 9B, 9C, 10A, 10B, 10C, 11A,
11B and 11C. It is assumed that the relative light amount ratio for the illuminance
distribution shown in Fig. 9A is 100%.

Table 1

Fig. Fig. Fig. Fig. Fig. Fig. Fig. Fig. Fig.
9A 9B 9C 10A 10B 10C 11A 11B 11C

Relative
Light
Amount
Ratio

100% | 66% | 56% | 115% | 53% | 67% | 98% | 46% | 96%

From Table 1, it is found that the relative light amount ratio of the light
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array 4b where the incident angle is small. It is

hence desirable to forman opening at 10 the

coordi nates {Hl, V1) where the incident angle is the
smal l est. Further, the formation of an opening at the
coordinates (H, V1) is desirable due to the fact that
the anount of |ight at the coordinates {Hl, V 1) is
the smallest as a result of codparison with the
anounts of |ight at coordinates {H1, V2) and at

I. Th
%%%’c%ﬁjn PBE e, Ve 2 s S smeliesy fo e e Hieyadion, shgwn in Fig.
]ﬁ elshovvstherelatlvell ght anount_ ratios of
B-1 6 UpeySpRsss, g‘“t#@nﬂn?aé‘ﬁ? on, g}e\, gereer 4 isppot Observed from the

| um nan Istrib t|o S homn in Figs. 9A 9B
‘ﬁf%%‘ tiop ARa: ehﬁgt‘ﬁf hpyngn Fig. 1B @ém&e curve 141 of
tﬁhat th Iatlg ﬂie anmount ratlofprthe
er Woudsy ths Restprontasand ing ifnginange wnevemess on the screen
bl e Fig.. Fig. Fig. Fig. Fi Fi Fig. Fig.
d %Oéser‘?%&ymgwm the fritingle veriex oRtheclighy ehieldiet claioows 9T and
ggmw% 53% 67% 98% 46% 96% Anmount Ratio 20
the ppticakaxip Gritian Hhetmiddle pasitioni afgh¢ lagigtside of each lens

nﬁ)unt ratio of the light 24 reaching the |Iight valve

sell 90t(e Providing the trigngle thaving laubrse avhieh i & side Ipfiteadnlens cell 50 in
shown in Fig. 1113. The unevenness in illum nance on
cortaetyighethe Ktaxis anrba vertexelyingdinfar mositioneoppoditeufinom alcposition where
di stribution on the |light valve 2 shown in Fig. 11 B

theoside gieraof @ppesed do Thel bask is i gontdet. withn that yraxis)yas dhown in Fig. 5,
t he best contrast and no illum nance unevenness on the
shendhe Hght1shielding lede@nentsd 9Byand 3B 'of @i pigotah endchardsig|% are placed
vertex of the light shielding elenents 9T and

closer to the light incident surface of the second lens array 4b than the light exiting
surface of the first lens array 4a (or placed between the locations m and n shown in Fig. 7).
The reason for the placement between the locations m and n shown in Fig. 7 is that the
relative light amount ratio is the second smallest in Table 1 for the illuminance
distribution shown in Fig. 10B.

In the above description, the triangle vertex of the light shielding elements 9T
and 9B is positioned in the middle and at the ends (closer to the optical axis C and
opposite from the optical axis C) of each lens cell of the second lens array 4b. However,
similar effects are produced when the triangle vertex of the light shielding elements 9T
and 9B of the pivotal mechanism 9a is positioned between the middle and the ends of
each lens cell of the second lens array 4b (or when the triangle has a base which is a side
of each lens cell 50 in contact with the x-axis and a vertex lying in a position farther from
the optical axis than the middle of a side thereof opposed to the base), as shown in Fig.

17.

Figs. 19A and 19B show the illuminance distribution on the light valve 2 and
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9B farther fromthe optical axis Cthan the mddle

position of the long side of each lens <cell 50 (or
providing the triangle having a base which is a side
of each lens cell 50 in contact with the x-axis and a
vertex lying in a position opposite fromthe position
where the side thereof opposed to the base is in
contact with the y-axis), as sown in Fig. 5 10 when
the light shielding elements 9T and 9B of the pivotal
gﬁch nism9a are placed closer to the |ight incident

¢ felptivedight gmovptmta in dhe xAlitegjorglong adinenkB0 segting as the x-axis
exiting surface of the first lens array 4a (or placed

eats abtaingdowhen tha yerexatiiangle of ghonlight shieldingzglements §T and 9B is

reason for the placenent between the |ocations in and
POSIHENRd th satisfy d31i dBhad32 Fed3F enditdllex 2 i<yldB2 samduwhen the light
ratio is the second smallest in Table 1 for the
ishielding, glements1 8T qindt 9B e iptaved Hinwthe ilocafion. m| BBwnl in Fige 7. The
above description, the triangle vertex of the |ight
dhuraingnoegdisstibutiont is sBAwn with 258-1¢vel pragistalenel is found ehat a curve 181
m ddl e and at the ends (closer to the optical axis C
shews thepelstivelightamduneratiptaf mat leaxitan GP%0in thaednge din 0 to X. In
cell of the second lens array 4b. However, simlar
oftfee piosdsathe optimmincmaitivherf thehteiangle aergdxeof\ies light shitlditpeelements 9T
l'ight shielding elements 9T 20 and 9B of the pivotal

red BBnos highaohRagp adilibuothe dechifienBe bf the emBvehelbs iaMurhid8nce on the
ends of each lens cell of the second |ens array 4b

saeenii & rwlidhetht right ghieldigs cRmRAS HTVRhE OB fredplidedein @BE location m
each lens cell 50 in contact with the x-axi's and a

¥Bowreih Figi 78 siéh MadBdi£ §39) dBREIdIS and T @1« 3 hegmpt i cal
axis than the m ddle of a side thereof opposed to the

o | . . . . .
ase), B dedrems thdambéint of Hight feaching s‘tll'xe. ﬂl%ltﬁ \ségﬁevé-%ﬁd % gi‘gvent the

the illum nance distribution on the lig e 2 an

3&curfelige 6ftha thé@nhds iif ilﬁﬁ'ﬁh’zﬂfcﬁ bAthesckdent1 it ﬁ%ﬂégﬁrgﬁt" 28 the light

along a l'ine 180 serving as the x-axis wh

S 180 ) 80018 e L o oy s

— /- = . = .03 . h .
e o T oI 3 R RS e o
hﬁcéfahgl@ Verel O ek r]lél:'llt %hie?dingT réiaements 9T and 9B falls within the range
expressed by

2xd30/3<s<d30 (D
Further, the optimum position s of the triangle vertex of the light shielding
elements 9T and 9B relative to the position of the light shielding elements 9T and 9B is

expressed by

s=d32=d33=(2+ (x —m)/(n — m))x d30/3 Q)
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5 illum nance distribution is shown with 256-1 evel

gray scale. It is found that a curve 181 shows the
relative |ight anount ratio of not Iess than 60%in
the range fromO to X. In other words, the optinmm
position of the triangle vertex of the |ight shielding
el ements 9T and 9B for high contrast w thout the
occurrence of the unevenness iz illum nance on the
screen 11 when the light shielding elenents 9T and 9B
arﬁ glap%g in the [gcation m 10 shown in Fig. 71is
sYHe fnigthey Basitiony ofs thedight shighlingaelements 9T and-9B gplaceribetween the
gecrease the appunt of light reaching the light valve

ocAtgns B iRy wiith refiseence tockigr Bnerd sis thapositien efitheddangle vertex of
il lum nance on the screen 11, it is desirable that the

| the Heht shigldingielesneatse?e ands 9B TtherldngiB of the mirmebtind b the graxis with
the locations mand n shown in Fig. 7 and the

gefsrance e Big(Dne 1 ength of the normal line to the
y-axis with reference to Fig. 3) of 15 the triangle
vertex &hus the triapgularstonéputiation of thedight stdldmg el @Berts9T and 9B of
within the range expressed by 2xd30/3Ss-<<d30 (1) 20

rthe piNefal mettanispt 9anallowsabé taminususaidjushmert bf theginduMEslight and the
of the light shielding elenments 9T and 9B relative to
tabkiepamsént oOhighfcontrast mithbit thébedutiieng: ¢ theranévenfes aniiluiBnance on
is expressed by s =d32 =d33 =(2 + (x - m/(n - m)
thei®Dded 112) 25 26 where x is the position of the

l'ight shielding elenents 9T and 9B (pl aced between the

| ocat i oFwrthier,athe ptacevhént of €fieckight GRieldngélements 9THAD 9B bfSthe pivotal
the position of the triangle vertex of the |ight

siticRarism 9a & & §Biion Adser f6lthRBight hBideRNGikACOS thd SeddR T8 array 4b
line to the y-axis wwth reference to Fig. 3). 5 Thus,

e the ilighgukitihg S@EdeIHT B iRt 164s 4R 4d pldtwadl @k d&faaons m and n
elenents 9T and 9B of the pivotal "mechani sm 9a al | ows

Islﬁrgm RIRig M Qkithodfihe SLIERYN dtithd BianQEVAx & thd i@ shRRMfing elements
9T and 9B of the pivotal mechanism 9a allows the continuous adjustment of the amount

of light and the achievement of high contrast without the occurrence of the unevenness in

illuminance on the screen 11.

<Second Preferred Embodiment>

Fig. 20 is a view showing the construction of an illumination optical system 1b
in a projection display apparatus 20b using the liquid crystal light valve according to a
second preferred embodiment of the present invention. The construction of the second
preferred embodiment is similar to that of the first preferred embodiment, and will not be
described for the sake of convenience. Fig. 21 is a view showing an example of the
openings of the light shielding elements 9T and 9B of the pivotal mechanism 9a. The tip
portions (opening contour lines) of the respective light shielding elements 9T and 9B of

the pivotal mechanism 9a are configured not to have a portion paralle] to the long side
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achi evenent of high contrast w thout the occurrence of

t he unevenness in illum nance on the screen 11.

Further, the placenent of the |light shielding el enents

9T and 9B of the pivotal 10 nechanism9a in a

position closer to the light incident surface of the

second lens array 4b than the [ight exiting surface

of the first lens array 4a (beyween the |ocations in

and n shown in Fig. 7) without the selection of the
triangle vertex of the light shielding elements 9T

dthe xoExigiof each lens csllaf thesepens lons aray bl ows t he

conti nuous_adj ustnment of the amount of light and the

achi eveFign22 isfa vipyishewing that thein pastions dfgheobghi shielding déments 9T
the unevenness in 15 illum nance on the screen 11.

and OBref the pivetal meckanism Paare dispaised irP@ positien whenw color irregularities
showi ng the construction of an illum nation optica

e prone tresilh alpng radinecdri the light palweg 2 apPthatetiser®@ o Fig. 18y the light
the liquid crystal |ight valve according to a 20

dedidant] sprfadecotr thd fastblens aeay 4afis ih eonjugse nélationventhe dight valve 2.
The construction of the second preferred enbodi nent is

Slibwrs, | velrentacsialzemannt of kgt ipasses thr@ighthestcombleds a4t 4b @odexample,
wi Il not be described for the sake of conveni ence.

s ghovdlin Biga22)i theresdrivaiclpr afegtititieh aloaf thidkne Gp&RIlipAS valve 2 in
of the light shielding elements 9T and 9B of the

sometcades ifwith aeferentOto FIEN23) i [Spedificdliy) ek @Iiéﬂcl}[b pertions of the light
contour lines) of the respective |ight shielding

shieliixip cleridnte 9T alB9BfofZke piREtaPEsHaRlsn DL B MoSIHLAA Atk center of
configured not to have a portion parallel to the Iong

gudetuze/in thé PRAiréctihl Tkthlen®8dR ih BRSoW 2 ofthe sE@nd 858 ftay 4b, the
l ens array 4b. Fig. 22 is a view showng that the tip

ltﬁﬁ IPortUAS h¥ing fdrd p&ipaddlleBloth Sorl S HeacPIbns @a?arg %&é prone to

e pivotal nechanism 9a are disposed in a positi
I Lk bt £9: ulgt: .
WARE Ecofdt ﬂeﬁglﬁflﬁ&u hﬁﬁglt\l}g%él.eaﬁvr\?tﬂ% ?g@ebﬁvé &S Ftlg'g:?%ga 'gg(’)ws, with

aline ont I ght v rence to

%h@«lévwél‘ay 3cdlé] éh%ﬁ%g%lﬂ'f.fcgﬁ)? tilgé%u?]%ﬁileit’ g{?@k \?éﬁ lire \gi.iircﬁ%ccur on the

ais ih conjugate relatio
lli R r%%%&a@?gb lpﬂ%m?g gfr' thg Il(lghnip %efldiﬁgﬁlseglsén{s%oa%%rbﬁ cr;ﬁhe pivotal
mechanism 9a are positioned at the center of curvature in the y-direction of the lens cells
in the row H2 of the second lens array 4b as shown in Fig. 22 without the recessed
portions in the tip portions of the light shielding elements 9T and 9B and when the tip
portions are parallel to the long side of each lens cell.

The formation of the tip portions of the light shielding elements 9T and 9B of
the pivotal mechanism 9a as shown in Fig. 21 makes the color irregularities along the line
less prone to occur on the light valve 2. Further, the increase in the area of light
shielding regions with distance from the optical axis C minimizes the decrease in contrast
under the influence of the light incident characteristics of the light valve 2. Thus, as

shown in Fig. 24, avoiding the configuration of the tip portions of the light shielding

elements 9T and 9B of the pivotal mechanism 9a which allows an increasing amount of
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as shown in Fig. 22), there arise color irregularities
along the line on the light valve 2 in sone cases
(with reference to Fig. 23). Specifically, when the
tip portions of the Iight shielding elenents 9T and
9B of the pivotal nechanism 9a are positioned at the
center of 10 curvature in the y-direction of the |ens
cells in the row H2 of the secgnd | ens array 4b, the
tip portions having nore parts parallel to the |ong
ﬁkgg of each lens cel|l are nore prone to cause color
i 180 4o Reps theaethroughy gvith, distange feom tthe aptigalt axisiiG erevents the color
Fig. 23 shows, with 256-level gray scale, an exanple
dfreglg@rgfes.a}qnggm line qr thg lightoalyet2vand inémizks i deerease impontrast.
t he ht valve 2 when the tip portions of the |ight
shi el d| ?rgﬂ@ fugtepreferied embadiomnt ftherhds pilikeliladodtbat color irregularities
mechani sm 9a are positioned at the center of curvature
iatpngHhe Jingl arecehseryad oh thhrscréeankl when the timpdrtiens ofithe2ighf shielding
the second |l ens array 4b as shown in Fig. 22 w thout
telrenengscE gnd 9Bpdithé pivetal methumisn Pa prer danfigsredfas tshéwn in Fig. 5 and
I'ight shielding elements 9T and 9B and when the tip
pdrenitheip posiopsofithedight shitkdingl edérgerts 6F and 9Board positisned as shown
cell. The formation of the tip portions of the Iight
dhiFed. d2ngltek demret desPabla gt &3 i porfions bethpilight elielding elements 9T
mechani sm 9a as shown in Fig. 21 nakes the col or
iand QB lager icontasdled| ngs hbe td ibaepositRhed R GRE defte ©F Wurkure in the
the light valve 2. Further, the increase in the area
gtditectibn of the k&odd [@saﬁgyms with distance fromthe
optical axis C minimzes the decrease in contrast

under thethe frstyréfemed Embbdimeht) Mheré A #RAIo0d that color irregularities
characteristics of the light valve 2. Thus, as shown

lalonfitBe linéaredbRédbd On escrdnf 110WAEL ieldi
portE| ons of the Ii ghItl shi el ding 25 QQQIXS;}}%I—%&}%T&ﬂgﬁ%Iléht shielding

fi
Sleniehs Ty 48,7 pIE PG IhaliBi R &b COHBRAR WWOEATT% 5. I
ftlﬁQBﬂsE hge Ra_tvis%}l it fip Eeﬁ] Ry 6% kR bhfe?&lﬂg elerqents 9F and 9B of the

|rregu arltles ong I né on

v%iﬂ”n?e%garh%]lﬁ Qg%gﬁﬁgﬁ-g? h& fONE %ﬂfcr&(&rppﬁaﬁ‘e ft? s long side of each

preferre i men ereis a

| I d
ST ot MBI s BB epprine
élirﬁ e n%Id gﬁ g?ln tlg)esn ﬁ%ﬁle EE p po ?Anséns)tg aleahg%t shielding

conti gured as

elements 9T and 9B in a manner described above to thereby achieve the wider range of
control.

While the invention has been described in detail, the foregoing description is in
all aspects illustrative and not restrictive. It is understood that numerous other

modifications and variations can be devised without departing from the scope of the

invention.
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when the tip portions of the light shielding elenents

9T and 9B are positioned as shown in Fig. 22. It is

hence desirable that the tip portions of the |ight

shielding elenents 9T and 9B are controlled so as not

to be positioned at the center of curvature in the
y-direction of the second lens array 4b. 10 In the

first preferred enbodinment, there is a |ikelihood that

color irregularities along the |ine are observed on

the screen 11 when the tip portions of the |ight
SKhatpgelaignedds:enent s 9T and 9B of the pivotal mechani sm

9a are configured as shown in Fig. 5. In this case,

the provision of the tip portions of the |ight

shiel ding el enents 9T and 9B of the pivotal nechanism

9a conf l.gupenjection displayiapparatup comprisingsar al | el to the

| ong side of each 15 lens cell of the second |ens

array 4blight valveustrated in the second preferred

enbodi nent elimnates the need to control the

posi t i onlight sptmee forpraucinigdight difectddetolsaighighsveled; di ng

elements 9T and 9B in a manner descri bed above to

t her ebyareinttigeter letsadispodet inraaropéical fpathcextnidinlg. froth isai@ lightsource to
i nvention has been described in detail, the foregoing

dad dighptalenaridsinelnding @ firkt ledsdrtaytandial Secéridr1ais atfayasvsh Rittrendering
restrictive. It is understood that nunerous other

eochi dni itlaimance disgibuticn 6itlighndirecietl f6ém dadiliphosotrdeh ot
departing fromthe scope of the invention. 29 What

i's cl ai amightiagioudt a ehteRdchiisi idiposed iARRAsptcHBpath between said
conprising: a light valve; 5 a |light source for

FiEsD (A6 iaftGy hhdDI&Hid SHCbRE feBSlarry S Mr hdjdfiingRL YBour'df light directed to
integrator |ens disposed in an optical path extending
bdi@Mpkdiatvel | ght source to said light valve and

including a first lens array and a second | ens array

poth ! Qhid HEACHDEY £6MindmbcHalfTh! BRARA 3 bhiP YF Bt shielding

of light directed from sal ght sour ce;
elements pivoting in the form of a pair of double doors, said pair of light shielding

elements having an opening formed in a region of tip portions thereof which corresponds
to lens cells in contact with the optical axis of said second lens array, wherein a region of
said opening corresponding to one lens cell in contact with the optical axis of said second

lens array is of a triangular configuration.

2. The projection display apparatus according to claim 1, wherein

said triangular configuration of the opening of said pair of light shielding
elements has a base which is a side of said lens cell of said second lens array in contact
with an x-axis and a vertex positioned farther from the optical axis than the middle of a
side of said lens cell opposed to said base, when said pair of light shielding elements are
placed between a first position and a second position, said first position being the position

of a light incident surface of said second lens array, said second position being an
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a light anmobunt adjustnent mechani sm di sposed in the

optical path between said 10 first lens array and

said second |l ens array and for adjusting the anmount of

light directed to said Iight valve, said |ight anount

adj usting nmechani smincluding a pair of |ight

shielding elenents pivoting in the formof a pair of

doubl e doors, said pair of |light shielding elenents

havi ng an opening forned in a region of tip portions

t.hereof which corresponds 15 to lens cells in contact
Wrternadiate ppsitiembetyrensa dightsexitingsaefnel of said fisst deng array and the light
wherein a region of said opening corresponding to one
Iasident syrface o1 saidtsgeandnenshanraye saig ti-axas being 8 lodg axis df said lens cell
second |ens array is of a triangular configuration.

2nd perpendieylardo isaid opticabsig. appar at us according to clai m

1, wherein 20 said triangular configuration of the

opening of said pair of light shielding elenments has

a base which is a side of said lens cell of said

second 3.€lits projectionidisptayrdppatatus\aicédrdiag txcladh 2, wheleia

vertex positioned farther fromthe optical axis than

t he mi detiefialis a relstiatshipfexprisstdlbgns cel | opposed to

sai d base, when said pair of |light shielding elenents

are plasddot¢tyedBoa first position and a second

position, said first position being the position 25 of

a | i ghtwhereidderis ﬂ&tﬂ%ﬁ%ﬁ_&)mﬁe &ﬁigdax%?spﬁi’d 1R eBIITANid second lens
sai d second position being an 30 internediate

posy, tandns Behveztaof b HormaXlidd Befiihd aom MHe veiled ogitﬁéiriangular

|l ens array and the light incident surface of sai

s@fipnehtiof ST MAE oP¥ning Vf Sard pait of Bight aliélding Nerftdits lt& fa y-axis, said

)

said lens cell "and perpendicular to said optica
#akis befg® shdRAx BRIP4 {drRRell] R sl 00
to cl ai r% 2, wherein sati g ?‘ngi’?)éea rela F%%gﬁi&%ighg
expressed by 2xd30/3<_ s d30 where d30 is the length
of the long axis of said |lens cell of said second | ens
array, ArgheSplofcti t i ne extendin

€ ?ﬂg%cfé& t(lt]sgfﬁ?r%bg%&ﬁa%%g{mg ko any one of Claiths 1 to 3,

fromthe ver
wherein

said opening includes a region corresponding to a cell other than the lens cells
in contact with the optical axis of said second lens array, and

said opening of said pair of light shieclding elements has a contour line
configured not to be parallel to an x-axis, said x-axis being a long axis of said lens cell

and perpendicular to said optical axis.

5. The projection display apparatus according to claim 4, wherein

the contour line of said opening of said pair of light shielding elements has a
triangular configuration, and

the length of a normal line extending between the tip portions of said light

shielding elements and said x-axis decreases with distance from a y-axis with respect to




10 configuration of the opening of said pair_of |ight

shielding elenents to a y-axis, said y-axis being a
short axis of said |lens cell and perpendicular to said
optical axis. 4. The projection display apparatus
according to any one of clains 1 to 3, wherein 15
sai d opening includes a region corresponding to a cel
other than the lens cells ingontact with the optical
axis of said second |lens array, and said opening of
S idlgair of Iight shielding elenments has a contour
| the, ¥ertexoofi sail iriaagulastconfigwatiom said| yetxis being ashort iaxis of aaid lens cell
x-gxis being a long axis of said lens cell and
perngndigulay torsaidoptieal@pisi cal axis. 20 5. The
projection display apparatus according to claim 4,
wherein the contour line of said opening of said pair
of light shielding elements has a triangular
configuration, and the Iength of a normal |ine
extendi ng between the tip portions of said light 25
shielding el enments and said x-axis decreases with
di stance froma y-axis with respect to 31 the vertex
of said triangular configuration, said y-axis being a
short axis of said lens cell and perpendicular to
said optical axis.



