1 TITLE OF THE | NVENTI ON PRQJECTI ON DI SPLAY APPARATUS BACKGROUND COF THE

I NVENTION 5 Field of the Invention The present invention relates to a
projection display apparatus using a light valve. Description of the
Background Art 10 In general, a conventional projection display apparatus
mainly includes a light wvalve, a light source for emtting light to the

| i ght val ve, a guiding optical systemfo guiding the light fromthe Iight
source to the light valve, an integrator |ens disposed on the optical path

of the |igMTLE@F The INVEHNTRERYrce to the light valve, for uniform zing the
I 1lum nance distribution of the light fromthe |ight source, and a

projection |ens fepoteTRORI BRI IAPPAgEs prygduced by the [ight valve onto

a given screen. In such a conventional projection display apparatus,
various optical elenents constituting the optical systens, such as the
gui ding optical system the projection lens, etc., cause |light |eakage and

stray |i‘ght ' kness in the image projected on the
screen is #&@%&WQ@%@W@ ntrast cannot be obtained. The term
20 "contrasi”  herei.n ans the degree of brightness/darkness of an inage.
In part cuﬁ’leik,l Ofﬂwa?\ﬁr%ef‘i on display apparatuses using |iquid-crystal |ight
val ves, the contrast of ipages depend al so on _the performance qf the
liquid-crystal |i Rt Piesevlelnveniion relelpete @ projecen display maiatiigusing & helie
contrast by jinmage signal processing. A nethod to solve this problemis to

control thé&®gount of light that illumnates 25 the light valve according
to the inage signal, so as to inprove the inmage contrast. 2

Description of the Background Art
10 In general, a conventional projection display apparatus mainly includes a light
valve, a light source for emitting light to the light valve, a guiding optical system for
guiding the light from the light source to the light valve, an integrator lens disposed on
the optical path of the light from the light source to the light valve, for uniformizing the
illuminance distribution of the light from the light source, and a projection lens for
15  projecting images produced by the light valve onto a given screen.

In such a conventional projection display apparatus, various optical elements
constituting the optical systems, such as the guiding optical system, the projection lens,
etc., cause light leakage and stray light, and so the brightness/darkness in the image
projected on the screen is not clear, and sufficient contrast cannot be obtained. The term

20  “contrast” herein means the degree of brightness/darkness of an image.

In particular, in projection display apparatuses using liquid-crystal light valves,
the contrast of images depend also on the performance of the liquid-crystal light valve,
and there is a limit in improving the image contrast by image signal processing.

A method to solve this problem is to control the amount of light that illuminates

26  the light valve according to the image signal, so as to improve the image contrast. -



Then, a sinplest nethod to control the amount of light that illum nates the
light valve is to control the optical output of the light source used in
the projection display apparatus to control the anount of |ight that
illumnates the |light valve. However, <controlling the optical output of
the light source is extrenmely difficult. jJFurthernore, in 5 such nethods of
controlling the optical output of the |ight source, the brightness is
varied in such short periods as can be perceived by human eyes, which

causes flicker inThBe a diMpRSt BEMbE ¢ EALRIN th EnSElt @€ NghtiBat ifluiSeRdY tHE ASHtt O
solve this problem a projection display apparatus iS disclosed in ich a
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Pat ent Appl.i cation Laid-Open No. 2003-131322, Paragraph (0024), which is
her ei naf t el SBete PRI PEROdSsas ¢33 be Rerceivgd DX human eyesy wWhich:¢auses é}cgsq ax/gﬂe
appar atus according to another techni que uses an amount-of-light control
devi ce in pmagepgjectadon thgsereatbnt r ol neans of Conventional Art 1, 20 in
which the anount-of-light control device uses |ight-blocking plates for
bl ocki ng the opti é&l topdachniquesntasolvs thiel fvebleny, aoprdiecsionr dighiey appatadfst is or
a di aphragm nechani sm for bl ocking the optical path, whereby the anount of
l'i ght il | udischtsedn whechl a Hght coatrokmeanrs deamposedof alskgudentalt hpud-cootal device,ng
the optical output of the |ight source (for exanple, see Japanese Patent
Appl i ca0i owHose drateinsivity caOBSecidibidd in Ehaggmpit, {sQidvidedon tid dhtradce sidd
which is hereinafter referred to as Conventional Art 2).

or the exit side, or between, two lens arrays forming an integrator lens, and the

transmissivity of each segment of the light control means is controlled on the basis of the
image signal, whereby the amount of light illuminating the light valve can be controlled
without controlling the optical output of the light source (i.e., without causing flicker in
15 the tmage projected on the screen: for example, see Japanese Patent Application
Laid-Open No. 2003-131322, Paragraph (0024), which is hereinafter referred to as
Conventional Art 1).
A projection display apparatus according to another technique uses an
amount-of-light control device in place of the light control means of Conventional Art 1,
20  in which the amount-of-light control device uses light-blocking plates for blocking the
optical path from above and below, or from right and‘ left, or a diaphragm mechanism for
blocking the optical path, whereby the amount of light illuminating the light valve can be
controlled without controlling the optical output of the light source (for example, see
Japanese Patent Application Laid-Open No. 2003-241311, Paragraph (0034) and FIG. 2, |

25  which is hereinafter referred to as Conventional Art 2).



3 A projection display apparatus according to still another techni que uses
| i ght-bl ocking plates in place of the light control neans of Conventi onal
Art 1, in which the light-blocking plates are provided |Iike hinged doubl e
doors on both sides of the optical path between two | ens arrays, and are
turned to control the extent of blockingéff 5 the optical path, whereby the
anount of light illumnating the light valve can be controlled w thout
controlling the optical output of the light source (for exanple, see

Japanese Pat ent Applgrgjaéticn d GPpERathd - actBRBnG 14 dilD JnotiRF agEiRME WO 3)
(0074) and FIG 15ﬂ3],h|ch |§®hdgfre| nafter refergrged to as Conventi%%al Art
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Conventional Art 4). However, in Conventional Art (gﬂéa:’control

neans, Wwhi hpal@SQ:Bﬁtﬁwsféaplwﬁtm Laigr@pen Yot 4005- %hkq3ePgragra@hs( d§0Yradi ne
due to the heat generated by the light from 20 the |ight source

(parti cul adill§; 13| whielyisdicesinaftey sefetediotastGanventional Aet Hf the |i ght control
means). In particular, when the light control nmeans is disposed on the

entrance side of, Adso, laepmjzetion displyt appatatussacezordinys fo &ill another teobnigue esesheat
is accunul ated in the light control neans and so the lifetime of the |ight
cont r oll0 nedight-beckingepldtekal pladecofithe lightucmrirol heansisEConventibrsleArt 1o tvhivhs,
the light flux is less attenuated by influences of optical elenents than in
ot her the light-blocking plates are provided on the left and right sides and the upper and lower
sides of the optical path between two lens arrays, and are slid approximately in parallel
with the main surface of the lens array to block the optical path, whereby the amount of
light illurninating the light valve can be controlled withdut controlling the optical output
15 of the light source (for example, see Japanese Patent Application Laid-Open No.
2005-31103, Paragraph (0069) and FIG. 13, which is hereinafter referred to as
Conventional Art 4).
However, in Conventional Art 1, the light control means, which is composed of
liquid crystal, suffers from reduced lifetime due to the heat generated by the light from
20  the light source (particularly, ultraviolet rays affect the lifetime of the light control means).
In particular, when the light control means is disposed on the entrance side of, or between,
the two lens arrays, a larger amount of heat is accumulated in the light control means and
so the lifetime of the light control means is more likely to be reduced, because, in these

positions, the light flux i$ less attenuated by influences of optical elements than in other

25  positions, and therefore the light flux from the light source is more intensive in these



25 positions, and therefore the light flux fromthe |light source is nore
intensive in these 4 positions. Also, in Conventional Art 4 using

| i ght - bl ocking plates, the light-blocking plates have their forward ends
formed flat, and so they cannot snoothly control the anount of |ight
directed to the light valve when they ar%]nnved continuously. Thus, the 5
anmount of |ight cannot be snoothly controlled according to the inage
signal, to inprove the contrast. Conventional Art 2 using a diaphragm
nechani sm ijavibyigs a conplicated structure. In Conventional Art 3 using
| i ght-bl ocking plates turned |ike hinged double 10 doors, when the
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with a _sinple st ture and wi thout deterioration of Lifetine due to the
neat of Ot habiaughet By et PE siooti, earoliee At Ting oriheri sy byl
i ncludes: a |ight valve; a |ight source that emts 20 light to the |ight
val ve; an i%%‘{j’r“éﬁtor | ens di sposed on the optical path of the |ight
propagating fromthe light source to the |ight valve, so as to uniformze
the illum nance &oavyentipoali &5 &f using: a| ighhragmo mechanism gnvolsey aceomplivgted
shutter nechani sm di sposed on the optical path to control the anpunt of
| i ght that sirheturd.nates the |ight valve. The shutter nechanismhas a pair
of |ight-Dblocking menbers respectively having cuts forned in their
In Conventional Art 3 using light-blocking plates turned like hinged double
10  doors, when the light-blocking plates are turned and their forward ends pass near the lens
array closer to the light source, the shape of the forward ends may be imaged to the image

projected on the screen, which will then appear as illuminance non-uniformity.

SUMMARY OF THE INVENTION
15 An object of the present invention is to provide a projection display apparatus
which offers improved contrast through smooth control of the amount of light, with a
simple structure and without deterioration of lifetime due to the heat of the light from a
light source.
A projecﬁon display apparatus includes: a light valve; a light source that emits
20  light to the light valve; an integrator lens disposed on the optical path of the light
propagating from the light source to the light valve, so as to uniformize the illuminance
distribution of the light from the light source; and a shutter mechanism disposed on the
optical path to control the amount of light that illuminates the light valve. The shutter
mechanism has a pair of light-blocking members respectively having cuts formed in their

26  respective protruding sides to regulate passage of the light, and the pair of light-blocking



25 respective protruding sides to regul ate passage of the light, and the
pair of light-blocking 5 nenbers are noved straight to protrude/retract on
the optical path, approximately perpendicularly to the optical path from
both sides of the optical path, so as to control the anpount of the |ight
according to the extent of their protrusgpn on the optical path. Thus, the
shutter nechanism has a pair of |ight-blocking nenbers having cuts 5
formed in their respective protruding sides to regul ate the passage of

l'ight, and h&fbddidre Ghovdd Ihhiph @6 KrSBudBRRREES o MBe NPRA Phthaid Qkailﬂately

protrude/retract on the optical path, approximately perpendicularly to the
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anount of th ccording to t ent o
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pr esent ventj.on WI | | becone nore ar ent fr m t he fol etaile
escr i pbi orfogre R ame i R e el B b AGeb R e
accorrpanylg dFJ@ﬁ‘ F’?’ BRI EF DESCRI PTION OF THE DRAWNGS FIG 1.is a
schematic digky ﬂing| Wembsrsi atp maved ovarightriar Prorude/retract csane&hq gpticay; Bg.ay
apparatus according to a first preferred enbodi nent; FIG is a schematic
cross- sect ia@REKIN§tely nerpendisalaghyi todhe epticabpathy fombodh sidemef thzowpgcalsr@musq t he
first preferred enbodinent; FIG 3 is a diagram show ng an exanple of the
conf i gur at iasrfo gpntaolstha taneyunt wé dhealight racerdings tedithie rexten of itheit protmkionranithe
enbodi nent; FIGS. 4A to 4K are diagrans illustrating the shutter mechani sm
17a of FI Gop8cal path. This makes it possible to improve the contrast through smooth control of

10  the amount of light, with a simple structure and without deterioration of the lifetime due
to the heat of the light from the light source.

These and other objects, features, aspects and advantages of the present
invention will become more apparent from the following detailed description of the
present invention when taken in conjunction with the accompanying drawings.

15
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating the configuration of a projection
display apparatus aécording to a first preferred embodiment;

FIG. 2 is a schematic cross-sectional view of a polarization conversion element

20 9 used in the first preferred embodiment;

FIG. 3 is a diagram showing an example of the configuration of a shutter
mechanism 17a used in the first preferred embodiment;

FIGS. 4A to 4K are diagrams illustrating the shutter mechanism 17a of FIG. 3
being driven step by step from its full-open state of FIG. 4A to its full-closed state of FIG.

25 4K;



being driven step by step fromits full-open state of FIG 4A to its
full-closed state of FIG 25 4K; 6 FIG 5 is a diagram show ng an exanple
of a graph illustrating a relation between the anmount of |ight that
illumnates a light valve 3 and the opening/closing of the shutter
mechanism 17a in the first preferred enmbedi nrent (curve 81), and a relation
bet ween the anount of light illumnating the Iight valve 3 and the
opening/closing of a 5 shutter nechanism 17a in a conventional exanple

(curve 51); FIG BIGsS5ast dipgaim ishbwier a ieRSmplRabf h?aﬁmn@uqﬁng ncreigivme of
l'ight inpinging on the light valve 3 differs depending on the area in

which it pasagn iy ANt HEHARS ilifRatédd Rht YRivell dad the bﬁerﬁn@él?gﬂg of t};[e

illustrating a relation between the angle of incidence to the i gh
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distribution o t-source | mages med on the second 1'éns array
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source 5a refiecte at the reflecting mrror 5b; 20 FIG 13 is a schematic
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according to a_second preferred enbodinent; and FIG 14 is a diagram
showi ng an3ERAA e of the distribution of |ight-source

FIG. 7 is a graph illustrating a relation between the angle of incidence to the
10  light valve and contrast;
FIG. 8 is a diagram showing an example of the distribution of light-source
images formed on the second lens array 7b;
FIG. 9 is a diagram showing values of the amount of light that passes through
individual cells 7s of the second lens array 7b, where the values were calculated by a
15 simulation and are shown for individual cells 7s;
FIG. 10 is a bar chart showing the results of FIG. 9;
FIG. 11 is an enlarged view of a light-source system 5;
FIG. 12 is a diagram showing the results of a simulation about the reflection of
light from the h'ght. source Sa reflected at the reflecting mirror 5b;
20 FIG. 13 is a schematic diagram illustrating the configuration of a projection
display apparatus according to a second preferred embodiment; and
FIG. 14 is a diagram showing an example of the distribution of light-source

images of light passing through the polarization conversion element 9.

25  DESCRIPTION OF THE PREFERRED EMBODIMENTS



| mages of |ight passing through the polarization conversion elenment 9. 25
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS 7 First Preferred Enbodi nent As
shown in FIG 1, a projection display apparatus 1 according to a preferred
enbodi nent includes a light valve 3, a light-source system5 for emtting
light to the light valve 3, an integratoy | ens 7 di sposed on the optical
path of the light fromthe Iight-source 5 system5 to the |light valve 3, a
pol ari zati on conversion el enent 9 disposed following the integrator |ens
7, a condenser | erFrsfPrefirtqd@Essbdi@behtow Nng t he pol ari zati on conversion
element 9, a field lens 13 disposed follow ng the condenser lens 11, a

pol ari zing plate 1& sHbvwaP@sEd:. 10k pRyjeitor &'l@pIEy %Fﬂar’aﬁgsl 40%01‘(%13?'[@5] freferred

anount -of -1i ght control system 17 ~di sposed opti cal 0 The
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the Iight valve 3 and a screen ow proj ection
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reflecting mrror 5b 20 that reflects the light fromthe |i ght source 5a
towar d t he disrged fallopang the) field densrid, and e amayht-oSlightconggl svsfenpd 7 digpo
pressure nercury |anp, a halogen lanp, or a xenon |anp, but any

| i ght - emi t tanvige gptical patban be used. For exanple, an LED,

10 The projection display apparatus 1 further includes a projection lens following
the light valve 3 and a screen following the projection lens, but FIG. 1 does not show
these components because they are not closely related to the contents of the invention.
Also, for the sake of convenience, FIG. 1 only shows a single optical path in a projection
display apparatus having liquid-crystal light valves respectively on thé R, G and B optical

15  paths. |

This preferred embodiment uses a liquid-crystal light valve as the light valve 5,
but any light valve can be used. For example, a light valve using micro-mirrors or a
light valve using reflection-type liquid crystal may be used.

The light-source system 5 includes a light source 5a and a reflecting mirror 5b

20  that reflects the light from the light source 5a toward the light valve 3.

In general, the light source 5a can be a high pressure mercury lamp, a halogen
lamp, or a xenon lamp, but any light-emitting device can be used. For example, an LED,
laser, or EL can be used.

The reflecting mirror 5b has a paraboloidal surface or an ellipsoidal surface, for

25  example, though not particularly restricted. It can take any shape and any structure as



| aser, or EL can be used. The reflecting mrror 5b has a parabol oi dal
surface or an ellipsoidal surface, for 25 exanple, though not particularly
restricted. It can take any shape and any structure as 8 long as light is
collected to the polarization conversion elenment 9. For exanple, the |ight
entering the integrator lens 7 may be apggoxinately parallel to the optical
axis C, in which case the reflecting mrror 5b may be parabol oidal, or may
be ellipsoidal and then, e.g., a concave lens is disposed between the

l'i ght - sour geng ¥$tighe R dlidctel o ithé POladizMion 8MASvedsidh ERNBAK®. t P8 kk&ihple, the
approximately parallel. When the reflecting mrror 5 is ellipsoidal and no

concave | efl%h't Entbi$6the 3B a R S Emid§be RBpoitRitelySpadallel aymeroﬁmhflﬂiag% ¢hg

i nt egrator ens 7 With décentration. The integrator lens 7 includes a
first |ens @nbp¥acd Hedsi £ r 1 hih ' MY
donnst r oam S Fist et HPBRy e A bad B mbt pESRIRL R then,
10 and 7b ar eggn ed of ral. t f _convex |lenses.arranged.in an
array, andaefﬁ’ea con\%‘gegféﬁ éejflss&ejl%pog?&P E"JéNLéF i rﬂ%et M@%ﬁ?“ﬁ r %/iel?ggq%}ﬁsjﬂ? I%te%'%ﬁ)\%?{ls
| enses pf the secopnd . |lens array 7b are. i orres dence.w th.each ather,
it cobr edbBrito BE e apRipr g el o Wheh s e Fudty i fPscioal
front. Theag | ari zati on conversi on el enent converts the (pcident Iight
flux into | gﬁP coReave fens igusel, JAMELMEISITS BI3Y BF taken; & BY RIaYiin; HedREeRiarhe
light. As shown |n FIG 2, the polarization conversion elenment 9 mainly
i ncl udes: A4S UWKR despnisatifs) ari zati on separation films 9a spaced at
appropriate intervals in a direction vertical to the optical axis C (in the
x direction) and Thelintegratopilens 7 incbudes at first leas apey daland g sscand keng arrap7ban
angle of 45 degrees); a plurality of reflecting filns 9b provided between
t he pol ari Abatiippositaped doivostram df thedirStdensatrayrita dtmednteivieh rBegdent artayst7ae
optical axis C (e.g., at an angle of 45 degrees); and ?J2 phase-difference
pl at es19c dindJbsed elbhéambdshe of @l pluraligt oDeorvepderses amarfgetl is aBarray, and the
convex lenses of the first lens array 7a and the convex lenses of the second lens array 7b
are in correspondence with each other, with corresponding ones of the convex lenses
being disposed right in front.
The polarization conversion element 9 converts the incident light flux into light
15  of linear polarization of a single kind and emits the light. As shown in FIG. 2, the
polarization conversion element 9 mainly includes: a plurality of polarization separation
films 9a spaced at appropriate intervals in a direction vertical to the optical axis C (in the
x direction) and inclined with respect to the optical axis C (e.g., at an angle of 45
degrees); a plurality of reflecting films 9b provided between the polarization separation
20  films 9a and inclined with respect to the optical axis C (e.g., at an angle of 45 degrees);
and A/2 phase-difference plates 9¢ disposed behind the polarization separation films 9a.
With the polarization conversion element 9, the light incident on the
polarization conversion element 9 is separated by the polarization separation films 9a into

s-polarized light and p-polarized light. Then, the p-polarized light is passed through the

25  polarization separation films 9a and polarization-converted into s-polarized light by the



Wth the polarization conversion elenent 9, the light incident on the

pol ari zati on conversion elenent 9 is separated by the polarization
separation filns 9a into s-polarized |ight and p-polarized |ight. Then,
the p-polarized light is passed through the 25 polarization separation
films 9a and pol ari zation-converted into_s-polarized light by the 9 X 12
phase-di fference plates 9c behind the poﬁarization separation filns 9a, and

then emerges fromthe polarization conversion elenent 9. On the other

hand, the L | n ciipd ; p -z at 4 p [.an
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basis of the detected results, and a shutter controller 17c for controlling
t he openi ngolrgataneanyersion elepaent |9 s almosyald spelasized Highton t he basis of the
ratio of amount-of-light calculated by the signal detector 17b. As shown
in FIG 3, the shlb¢ eimountiestightncamteol hspstem pldfi inabidelsi gyishuttdronkeciegisni 51 7a
menbers 17L and 17R that are noved straight by the shutter controller 17c

t o protruddispased betwearctheafmst ens mehe 7y apdrthe sebiond|lemd yrrayo7h, esigpdli detdetqrat h,
fromboth sides of the optical path, so as to control the amount of I|ight
(that il ui7bdbredetédtinglthe irhageadigtal Hjputted ¢o b light tvalvielBeareixdatdiitatig 4 fatiorof
protrusion on the optical path. The light-blocking nenbers 17L and 17R

Froh e ATHI s e s aroun ot B e e Bt
valve 3) on the basis of the detected results, and a shutter controller 17¢ for controlling
the opening and' closing of the shutter mechanism 17a on the basis of the ratio of
amount-of-light calculated by the signal detector 17b.

As shown in FIG. 3, the shutter mechanism 17a has a pair of light-blocking

15 members 17L and 17R that are moved straight by the shutter controller 17¢ to protrude

and retract approximately perpendicularly to the optical path, from both sides of the

optical path, so as to control the amount of light (that illuminates the light valve 3)

according to the extent of their protrusion on the optical path. The light-blocking

members 17L and 17R each have cuts 17g (for example, concave cuts) for regulating

20  passage of light, énd the cuts 17g are formed in center portions of their respective

protruding sides, symmetrically with each other (about the y axis). The shape of the cuts

17g is not particularly restricted, but they may be formed in a concave-curve shape,
approximately parabolic shape, or approximately semi-elliptical shape.

Here, with the light-blocking members 17L and 17R, as shown in FIG. 3, for

25  example, cuts 17g for regulating the passage of light through the upper half of the second



protrudi ng sides, symetrically with each other (about the y axis). The
shape of the cuts 17g is not particularly restricted, but they nay be
formed in a concave-curve shape, approxinmately parabolic shape, or
approximately sem -elliptical shape. Here, with the |ight-blocking nenbers
17L and 17R, as shown in FIG 3, for 25 exanple, cuts 17g for regul ating

t he passage of l|ight through the upper hg?f of the second 10 lens array 7b
(the integrator lens 7) are forned in the upper half portions of the

protrudi nglensi 78 the htepratt lerl 179 6l oS BE FDME %pgémaMﬂwlﬁ,ofaﬂaE@%ainyg

for regul ating the passagé of light through the |ower half of the second
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side of the |jght-Dblocking nenber 17L). The_ shutter nechanism 17a can be

shifted fr@aridrent, and pfowdh quadsand). apdithe cut Li7g corespendling in thegfirst guadrant of
| i ght - bl ocki ng nenbers 17L and 17R are noved, e.g., as shown in FIGS 4A

to 4K, as He-sceapl lencarray b andtheqqut 1 gGconesponding Jo 4 fourth guadiant pge formed
illustrates the |ight-blocking nenbers 17L and 17R in their retracted
posi tions ({n the protriding shdetdfdhe hehthzloclsng tembies 17R] indihernat ) 7g Eb@ESpoddingo 4J
sequentially illustrate the |ight-blocking nenbers 17L and 17R bei ng noved
st ep b0 st epthe=Rcdnd guddrarit @f phioidcond lems artalye7bogpid thalcup a?h corespohdiag to its
retracted positions of FIG 4A and FIG 4K illustrates the [|ight-blocking
menber s 17 thialghalifdit kit fohféd infthé biotindbipr sid sfh@Hghttbledking mefber 1716). shut t er
The shutter mechanism 17a can be shifted from its full-open state to its
full-closed state as the light-blocking members 171 and 17R are moved, e.g., as shown in
FIGS. 4A to 4K, as 4A—4B—4C—4D—4E—4F—>4G—4H—41—4]J—4K. FIG. 4A
15  illustrates the light-blocking members 17L and 17R in their retracted positions (i.e., the
shutter mechanism 17a is full opened), FIGS. 4B to 4J sequentially illustrate the
light-blocking members 171 and 17R being moved step by step (=0.4 cell) to protrude on
the optical path from the retracted positions of FIG. 4A, and FIG. 4K illustrates the
light-blocking members 17L and 17R in their fully protruding positions (i.e., the shutter
20  mechanism 17a is full closed). Here, the light-blocking members 17R and 17L are
moved symmetrically with each other.
In this process, the light is blocked sequentially from the portion that passes
through the peripheral area of the second lens array 75, because the cuts 17g, e.g., of a

concave-curve shape, approximately parabolic shape, or approximately semi-elliptical

25  shape, are formed in the protruding sides of the light-blocking members 17L and 17R.



20 mechanism 17a is full closed). Here, the |ight-blocking nmenbers 17R and
17L are noved symmetrically with each other. In this process, the light is
bl ocked sequentially fromthe portion that passes through the peripheral
area of the second lens array 7b, because the cuts 17g, e.g., of a
concave-curve shape, approximtely parabggic shape, or approximtely
sem-elliptical 25 shape, are fornmed in e protruding sides of the

| i ght - bt ocki ng nmenbers 17L and 17R 11 In general, as shown in FIG 6, the
l'ight 30 priapegehl, Agskmmn ihFIGUEthe BEh{ITR pidpagfting Dubihréld peripheaticdlRRS tay r ay

7b inpinges on the light valve 3 at a |larger angle of incidence, and as
show n i n Fbnd/lent Qﬁafﬂf‘hﬁ%ﬁéesd@ﬁﬂﬁfﬁﬁﬁ vabrel N8 ARG afblel STGhABARR, Ald 4he
light inpinging on thHe |i1ght valve 3 1ncreases, because of characteristics
of the |ighhyal Xff‘%ﬁq TTEScontrB dRcfelled akifle afipld of iﬁid&c?%?%yﬁgﬁ‘fﬁ-%& Pe,
appr oxi mat el'y parabol'i ¢ shape, or appr oxi mate%y sem-elliptic shape,” are
formed in the,li - [l ' S . -hey S cl t he
| i ght sequen ‘ih5|11%$‘¥ Yéri‘é%gti #e}gf‘&g?’{ﬁ% g{l]uste rj?é-lt h%}aagtseégtﬁshoﬁgg%hg§%%a1%£$'i pﬁié]’?sa “ar ea
of the secon Je,/ens arra% 7b. where t he armu%t of agight that 1llum nates
the IigRt VAR %8 S2EEPRHIVEE SRERT APRPETTiEl ROl  HhAPET G FPBIOUBAEast |
10 In the full-¢losed state showny.in FLG 4K, . the cuts of, the
i ght - bl oc ke bk Eetaps A Tmed th%ﬁlghi-hféd&ﬁgma e TRy 284, theyght
transm ssion only through the areas of the second lens array 7h where
| ar gest andhw Blogk the 1@&!3 sprpientially from thg noglionythatipasses thrrueh the pernipheral sy d
fromthe center or the optical axis C (in this exanple, cells separated
upwar d f r orpfithesesend lans piray dheviesehysthe gmowntiof light that ddymnipates the light velvater ) )
and 15 the area slightly shifted downward fromthe center (cells separated
downwar d f reembeheducedwhie preyentingen redhittion efawotrast. third cells fromthe
center)). Now, the position to dispose the shutter nmechanism l1l7a is
descri B8d. Si nce It hie fullbebsedogatt ishowafint F&. G athel chisnk7gaof the Irdhtiblockingt he
vicinity of the first lens array 7a,

' members 17L and 17R form two openings 17i that allow light transmission only through

the areas of the second lens array 7b where largest amounts of light pass, i.e., in the area
slightly shifted upward from the center or the optical axis C (in this example, cells
separated upward from the center by some cells (second, third cells from the center)) and

15  the area slightly shifted downward from the center (cells separated downward from the
cénter by some cells (second, third cells from the center)).

Now, the position to dispose the shutter mechanism 17a is described. Since
the focal position of the second lens array 7b is in the vicinity of the first lens array 7a,
the shape of the cuts 17g of the light-blocking members 17L and 17R (hereinafter referred

20  to as shutter shape) is more likely to be imaged to the light valve 3 when the shutter
mechanism 17a is positiloned near the first lens array 7a. If the shutter shape is imaged
to the light valve 3, the shuiter shape is viewed as illuminance non-uniformity in the
image projected on the screen. Accordingly, it is preferable to pésition the shutter
mechanism 17a in the vicinity of the second lens array 7b on the side upstream of the

25 second lens array 7b. For example, the shutter mechanism 17a may be disposed in



t he shape of the cuts 17g of the |ight-Dblocking nenbers 17L and 17R
(hereinafter referred 20 to as shutter shape) is nore likely to be imged
to the light valve 3 when the shutter nechanism 17a is positioned near the
first lens array 7a. If the shutter shape is imaged. to the |light valve 3,
the shutter shape is viewed as iIIuninanf$ non-uniformty in the inage
projected on the screen. Accordingly, it"Ts preferable to position the
shutter mechanism 17a in the vicinity of the second |l ens array 7b on the

si de upstr egmaef withthedecsiRiendart 8. array 7b. For exanple, the shutter
mechani sm 17a may be di sposed in 12 contact wth the second | ens array 7b.
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7b and the pol arization conversion el éne In this case, too,
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protrud /retract bet.ween both si des, approxinmately perpendicularly to the
opti cal gpatphojecﬁ‘h?ngl? SHER it can be a rrechani smthat uses a slider-crank
mechani smto conv 10 rot t|on notion i traight notion. In the
proj ection displ afiﬁﬁﬁlﬁaﬁeam?g AWig 142 B e Iggred gh any PGPRATI R A 'PH%aSHl

i ght-source systemb5 enters the first lens array 7a as a_flux, of

appr oxi nat &1 t-%l@rs%mgemembsr& Helopnd c TR astraigitly imovg \ande dthey optiral |I??(§Fv‘i°dual
convex |lenses (cells) of the first lens array 7a, and passed through t he
cor r espondiprefTusfrotact (betveeen brithsidess apprauimatels perpeadicnlsrly1® thaepsiesl pate
i1lum nance distribution is made uniform Then, the light transmtted

t hr ough t héos examgle, ehsamibeay mMidrhpnispathat esest hrsﬁdghcrtahle mesthanismato convert

conversion elenent 9 and is thus approximately all converted into
s- pol ail0zedotatigid] motdon ditoisgraighemotiondensed

In the projection display apparatus 1 thus constructed, the light from the

light-source system 5 enters the first lens array 7a as a flux of light approximately parallel

to the optical axis C, is divided by thé individual convex lenses (cells) of the first lens

array 7a, and passed through the corresponding convex lenses of the second lens arrhy 7b,

15  whereby the illuminance distribution is made uniform. Then, the light transmitted

through the second lens array 7b propagates thrhugh the polarization conversion element

9 and is thus approximately all converted into s-polarized light, which is then condensed

through the condenser lens 11. The condensed light is again made approximately

paraliel to the optical axis C by the field lens 13, and only the s-polarized light that has

20  been polarization-converted by the polarization conversion element 9 is passed through

the polarizing plate 15 to illuminate the light valve 3. An image produced by the light

valve 3 is then projected onto a screen (not shown) through a projection lens (not shown).

During this process, the signal detector 17b detects the image signal inputted to

the light valve 3, and the shutter controller 17c controls the shutter mechanism 17a on the

25  basis of the detection, so as to improve the contrast of the image on the screen (i.e., the



t hrough the condenser |lens 11. The condensed |light is again nade
approximately parallel to the optical axis C by the field lens 13, and
only the s-polarized |ight that has 20 been pol ari zati on-converted by the
pol ari zati on conversion elenent 9 is passed through the polarizing plate
15 to illumnate the light valve 3. An igﬁge produced by the light valve 3
IS then projected onto a screen (not shown) through a projection | ens (not
shown). During this process, the signal detector 17b detects the inmage
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controls the shutter nechani sm 17a on the si s of detection, so as

to inprove &pﬂ@al%‘ég{){oad%hfg{eﬁgn aé.lé;rtﬁggmi?ﬂmtmiggﬁpﬁgﬁgér}jnﬁes ‘th% g hisalve 3).

| i ght - bl ocki'ng ers are strail ven

protrude/retract t opt.ical th.t .l ncr.ease,.t he amunt . of
Pl ght that 11 om Ees R AR o ShovREk ERBSLRREE L BRI,
showi ng a rel ati on, bet ween t he openi.n | gs.i n | . e th tent of .
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path) of a cgnventional. shutter nmechani sm having, fl at, sides and a single
et F or Fied BRI ORA CRRTHREPT bR S Ve iseh . SPERisat farmgimERe, ng
the light valve 3 (the curve 51), and a.relation between the

openi ng/ cl S&Nghobeachfidecand the amouatellighhilwsinsting the light vajve 3 Gha gugve 5),,
the extent of protrusion of the light-blocking menbers 17L and 17R on the
optical patany agplgtiombetayesn the Qﬂenmggql@smg piithershuitergmedhanismoghownan /3G ¢hhe
curve 81). The 10 graph shows actual neasurenents about the rel ation

bet ween t hdo dEetiienghe estehhof piotrukien of et tight-blecking nsmbsro WL and B7BS tha t o
4K and the amount of light illumnating the light valve 3. In FIG 5, the
vertical apticallpatiy aadrthd ambwe ofdightilbimiaatnmthedight valive 3 (thwhamree Bi).i SThe
assuned that the anount of light to the |ight valve 3 is 100% when t he
shutt ed0 megdphrshemsaétual mehslirbmente absitdkie sdlaidh bétwebrGthedopehingtrlosingenthehe
|'i ght-bl ocking 15 nenbers 17L and 17R are retracted in both sides of the

optical patshjtter thechafisinZ sithwa in BRGSS 48 td-U@ arldl fHROMBoUn @f QBN IINMMiRARS e Of
the shutter nmechanism 17a (FIGS. 4A to 4K).

light valve 3. In FIG. 5, the vertical axis shows a relative ratio of amount-of-light,

where it is assumed that the amount of light to the light valve 3 is 100% when the shutter

mechanism 17a is full opened as shown in FIG. 4A (i.e., when the light-blocking

15 members 17L and 17R are retracted in both sides of the optical path). The horizontal

axis of FIG. 5 shows the opening/closing of the shutter mechanism 17a (FIGS. 4A to 4K).

In FIG. 5, the curves 51 and 81 show the relations between the amount of light

to the light valve 3 and the opening/closing of the shutter mechanism 17a (i.e., the extent

of protrusion of the light-blocking members 171. and 17R on the optical path). As

20  shown in this diagram, it is appreciated that the amount of light that illuminates the light

valve 3 gradually decreases as the shutter mechanism 17a closes (i.e., as the

light-blocking members 17L and 17R protrude further). That is, it shows that the

amount of light can be controlled by using the shutter mechanism 17a. The curve 51
shows a conventional example and the curve 81 shows that shown in FIGS. 4A to 4K.

25 It is seen from the curve 81 of FIG. 5 that the amount of light that illuminates



In FIG 5, the curves 51 and 81 show the relations between the anount of
light to the light valve 3 and the opening/closing of the shutter nmechani sm
17a (i.e., the extent of protrusion of the |ight-Dblocking nenbers 17L and
17R on the optical path). As 20 shown in this diagram it is appreciated
t hat the anount of |ight that iIIuninatef the light valve 3 gradually
decreases as the shutter mechanism 17a c‘%ses (i.e., as the |Ilight-Dblocking
menbers 17L and 17R protrude further). That is, it shows that the anount
of light cam nghtcomé al neet SyodiBlyNdbckdaSesS MR 80 dHRSiBRbRMrictalanlie® S&Ufhée S1
shows a conventional exanple and"the curve 81 shows that shown in FIGS. 4A
to 4K 25 I £ e, f ; Lhght
shutte? MEGHAnIshO FTaI fy %rﬁ&\[a}ﬂ? ddsefl af L:Si?%g%[eg lrlgitth e AREbn nft'llbh%

that illumnates 14 the I1ght valve 3 nore s decreases (Wt

consi der abl g (i LI | |t e i ' I

cl osed, as S@%&ﬁc{géﬁ %g.ﬁ%@&hﬁéts?g}flﬁw{%%ﬂ%ﬁ@%ﬂ%d&ﬁﬁ%ﬁ@ : § ﬁﬂ%‘t]%? c@%ﬁéﬁ%@ﬁns%ur ve
51) having f:l ?t sl'édes and a single cut in the center of each side (Feature
). 51t ié %S ‘deen fromthe curve 81 of FIG 5 that the anount of | i ght
that illumnates_the |light vyal ve 3 decrgas ot_ rapidly but sl.gwy jn the
range of rel ativell i 1 S EABURE BFVF i Shet HOachaar the amount of ik the)
with that of the conventiopal shutter nechanism (curve 51) having fl at

si des and alwningtes the hght yalvgd ‘E@W@F%@H%ﬂ éﬂ@wgﬁgh aﬁ@gezi?.relf venadlg
actual |y conducted experinments showed that the illum nance distribution of
the |ight ©hamaunt-gidighit els4Q%eor| Jegitas \eomparegl with that of thenpraryentienal ishettesy
mechanism17a is full closed (FIG 4K), with no illum nance non-uniformty
observed omechaniswr(ewne 5{ Feaying fiat 3ides Mg single qus insthe gemtenof achsidedEeatureo 3
that, when the |ight-blocking menbers 17L 15 and 17R have the cuts 17g as
shown in FR2&E 3 (i.e., when the light-blocking nenbers 17L

10 Also, actually conducted experiments showed that the illuminance distribution
of the light that illuminates the light valve 3 is uniform when the shutter mechanism 17a
is full closed (FIG. 4K), with no illuminance non-uniformity observed on the screen
(Feature 3).

Thus, it is seen from Features 1 to 3 that, when the light-blocking members 17L

15  and 17R have the cuts 17g as shown in FIG. 3 (i.e., when the light-blocking members 17L
and 17R have the cuts 17g formed in the upper and lower halves of their respective sides),
the amount of light that illuminates the light valve 3 can be controlled more smoothly
throughout the entire range of opening/closing of the shutter mechanism 17a, than when
the light-blocking members have flat sides and a single cut in each side as in the

20 conventional example (i.e., than when the light-blocking members 17L and 17R each
have a single cut in the center of the side). It is also seen that, when the shutter
mechanism 17a is full closed, the illuminance distribution of the light that illuminates the
light valve 3 is uniform and no illuminance non-unifomﬁty occurs on the screen.

FIG. 8 is a graph showing the rgsults of a simulation about the distribution of

25  the amounts of light (brightness) that passes through the second lens array 7b (in other



and 17R have the cuts 17g formed in the upper and | ower halves of their
respective sides), the anmount of light that illumnates the |light valve 3
can be controlled nore snoothly throughout the entire range of
openi ng/ cl osing of the shutter nechanism 17a, than when the |ight-Dblocking
menbers have flat sides and a single cut En each side as in the 20
conventional exanple (i.e., than when t hé | i ght - bl ocki ng nenbers 17L and
17R each have a single cut in the center of the side). It is also seen

t hat, when : S ' ' )
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| ens ar Pay SAplocatad i santepef hegreondsleny pray Yol apd| thgamauat et light ssrefatiygly
cells) 5 S1 located in the center of the second lens array 7b, and the
amount of [Highhin the cells sgpargied putward firammtherpeniea by some pellsdseapnd, thizd calls frem t he
center by sone cells (second, third cells from the center), and the anount
of |ight grthelcentéry. ascthe amount ofilight gradusily glectegses pawaidoaiiter ¢ejls (particularhpunt
of light is highest in the cells S2 (see FIG 8) separated upward fromthe
center by sheremoent ef liglgcerhigheshim thecedlissST (sem RiGe 83 aepazated apevard frivhetheel | s
S3 (see FIG 8) 10 separated downward fromthe center by some cells
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FIG.9isa graph. showing values calculated by a simulation about the amounts
of light passing through the individual cells 7s of the second lens array 7b, where the
values are shown for individual cells 7s (it should be noted that the second lens array 7b
15  is symmetrical in vertical and lateral directions and so the graph only shows the values
about the first quadrant, and the entire first quadrant is normalized to 100%). FIG. 10 is
a bar chart showing the results of FIG. 9. It is seen also from FIGS. 9 and 10 that the
distribution of the amounts of light passing through the second lens array 7b has the
Feature A.
20 The amount of light in the cells S1 in the center of the second lens array 7b is
relatively low because of the following reason. That is, the portion 5¢ (see FIG. 11) of
the reflecting mirror 5b that is right behind the light source 5a has a hole for a
light-emitting tube, and therefore that portion 5¢ does not form a reflecting mirror.  FIG.

12 shows a simulation about the light from the light source 5a reflected at such a

25  reflecting mirror 5b. It is seen from this diagram that almost no light reflection occurs in



15 is symmetrical in vertical and lateral directions and so the graph only
shows the values about the first quadrant, and the entire first quadrant
is normalized to 100%. FIG 10 is a bar chart showing the results of FIG
9. It is seen also fromFIGS. 9 and 10 that the distribution of the
anounts of |ight passing through the segﬁgd | ens array 7b has the Feature
A. 20 The anpunt of light in the cells in the center of the second |ens
array 7b is relatively | ow because of the follow ng reason. That is, the

portion 5c thé @Qr fPoftionldd offthe tdTRcli® hifbl 38, Bhd tiddrefole tHeadmbint!dfUight ipAi nd
the light source 5a has a hole for a light-emtting tube, and therefore
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light 50 5 propagating.fromthe |ight-source system5 to the integrator
lens 7 is é’ﬁ{ﬂ?lﬁﬁﬁ%ﬁ%?%ﬂ%iﬁa{ﬁ’ﬂﬁgl el to the optical axis C. It is seen from
FIG 8 that, in the conventional exanple having flat sjdes,and a, single
cut in the cent er ltgs seeadromiFde, 8 dhat, inrthe eonventineal example having flat sides apd &
wth the concentric circles of the amount-of-light distribution in the
second | ensingle ayt inbthe Aentgr bf cpels gide, thehehape o€ the ghts- dperkx coigcidenatbsthgr e
driven, the shape of their cuts sequentially blocks the concentric bright
and dark poohiantric cifcleshef the ammaint-efiightrdistyibution imthessocorkelens arraye 781 A$ aF| G
5 has irregularities. In contrast, when the |ight-blocking nenbers 17L and
17R haié t hesuttutsded fige Aghtshiosking mekibers &e drivensthaphapd of theirauwtssseljigntihdiys
not coi nci de
blocks the concentric bright and dark portions of the second lens array 7b, and so the
curve 51 of FIG. § has irregularities. In contrast, when the light-blocking members 171
and 17R have the cuts 17g as shown in FIG. 3, the shape of the cuts 17g does not coincide
with the concentric circles of the amount-of-light distribution in the second lens array 7b.
15  As a result, the light-blocking members 171 and 17R, when driven, do not sequentially
block the concentric bright and dark portions of the second lens array 7b, and so the curve
81 of FIG. 5 is smooth (without irregularities). The Feature 1 is obtained for this reason.
Also, in this preferred embodimeht, as can be seen from FIGS. 8 and 4K, the
shutter mechanism 17a, when closed, does not block the light that pésses through the
20  areas of the second lens array 7b that transmit largest amounts of light, or it does not
block the light that passes through the cells S2 separated upward from the center by some
cells (second, third cells from the center) and the cells S3 separated downward from the
center by some cells (second, third cells from the center). Accordingly, as shown by the

curve 81 of FIG. 5, the amount of light illuminating the light valve 3 decreases not rapidly

25  but slowly, especially in the range of relative ratio of amount-of-light of 40% or lower.



with the concentric circles of the amount-of-light distribution in the
second lens array 7b. 15 As a result, the light-blocking nenbers 17L and
17R, when driven, do not sequentially block the concentric bright and dark
portions of the second lens array 7b, and so the curve 81 of FIG 5 is
snooth (without irregularities). The Fe re 1 is obtained for this reason.
Al'so, in this preferred enbodi nent, as n be seen fromFIGS. 8 and 4K, the
shutter nechani sm 17a, when cl osed, does not block the light that passes

through thg %@l Gfhe %Bn&éﬁ%oﬁﬁ%&aﬁgie%i@ﬂ@)éid%@ ahd alsidol A6 T the RhESTE
anounts of light, or 1t does not block the |ight that passes through the

cells S2 s rat e : S I Fﬁ%nt(ﬂr [

cells fromg#ﬁeszﬁ%eéﬂ%éérg gﬁﬁ#ﬁ@%@ﬁl@ &;%E%Patg@gk%mi Fgéhfsr mt%‘gﬂ tggnter
by sone cell ec ird I t ' own
by the curdR SASEEpeintielyfllehSutht Myl R R, b B B Selh Tnl oy
val ve 3 decgreas not .rapidly 25.but .sl ow cially in the, range. of
relative r {Iog. E]?}'aﬁﬂof}ﬁt g‘@?’PuﬁYtl Bﬁt“ggrf il 15%"3}\{‘55 gﬁgﬁ{ghﬁyawpngggﬁlﬁ.}yagg 8555 t he
conventjonal exanple having f|lat sides and a sj ngl t in the genter of
each sife, c¥Reialn iR therangeHarRUNS @va,o?mﬁn%?ﬁé@%,o?ﬁﬁ*&% O¥Fe |ﬁ1§$eaB%§si ng
through the cells S2 and S3 of the second lens array 7b, and therefore, as
can be seedifoipinedhéordbisyeason] of FIG 5, the anpunt of light illum nating
the light valve 3 rapidly decreases 5 especially in the range of relative
ratio of amount - oflspj ghthisoprefenmd embodinaent, Fmefficieat ameuntyof;lighg i lickieat eor
this reason. Also, in this preferred enbodi nent, a sufficient anmount of
light is itheilighhvalye 3 Hehausk thehshutial mect@iniser Hles avheh duld ploseds doessasti dbdokithe 74,
when full closed, does not block the 1light that passes through the areas
of the sectight thahpasses alirotph tthatardas asfstiet sebandybeaats dirfayalo dhtstravfsndif dergest or

It does not block the light that passes through the cells S2 separated
upwar di@ r oambigts @€ NkEY, obit dvesoCkblis tHesSlgghoitht phises throwdt the fceltnB2 Bepassad er )
and the cells S3 separated downward fromthe center by sone cells (second,

third cel | gpkirdrdiQhe center by some cells (second, third cells from the center) and the cells

S3 separated downward from the center by some cells (second, third cells from the
center). In contrast, in the conventional example having flat sides and a single cut in the
center of each side, a sufficient amount of light is not incident on the light valve 3
15  because the shutter mechanism 17a, when full closed, blocks the light passing through the
cells S2 and S3 of the second lens array 7b.  The Feature 3 is obtained for this reason.
According to the projection display apparatus 1 thus constructed, the
light-blocking members 17L and 17R respectively have the cuts 17g formed in the upper
halves of their respective protruding sides to regulate the passage of light through the
20  upper half of the integrator lens 7, and the cuts 17g formed in the lower halves of their
respective protruding sides to regulate the passage of light through the lower half of the
integrator lens 7. This makes it possible to improve the contrast while more smoothly
controlling the amount of light, as compared with the conventional example having flat
sides and a single cut in the center of each side.

25 In particular, in the range of relative ratio of amount-of-light of 40% or less, as



center). In contrast, in the conventional exanple having flat sides and a
single cut in the <center of each side, a sufficient anmount of light is not
incident on the light valve 3 15 because the shutter nechani sm 17a, when
full closed, blocks the light passing through the cells S2 and S3 of the
second lens array 7b. The Feature 3 is obtained for this reason. According
to the projection display apparatus 1 th constructed, the |ight-blocking
menbers 17L and 17R respectively have the cuts 17g formed in the upper

hal ves of thRiye $28ARMhITIE. B M Adbnd &f AER thet IRAMbALE R BRSAI8 Mbre
| i ght through the 20 upper half of the |ntegrator lens 7, and the cuts 17g

fornmed in tg dh rgdi S # ate
t he passageibe?gll I g t throu h lvél\l/\tﬁedr?Ia M? h;%ﬁfgfg ?Jaﬁtsg%rsa?{‘?g% silﬁ%s cgngIT |s

makes 1t PQgSioBhr LF LR e gcuapengifstm@' BB UR l01 6P 19

t he amount as COITp he conven exa

ange of rd Ly Lﬁ?&%?&ﬁﬁﬁ{“ﬁwwadm Rl Gieoneptcuditier £ B Y e

seen fromFl G 5, the anount | i ght that |IIum nates the l'i ght valve 3
mor e ovwsignc?éﬁf'%sa@ %amf’wgr?f?‘ﬁ I he conventional exanple having flat sides
and a SI ngle cut in the center of each side (the curve il) Tc{ns of.fers

i mproved control | éﬁ?q’lﬁaﬁlcﬁimb’h@hﬂ’aﬂ’&ﬁhﬂmﬁ‘f H]GFWSHP 7ans Al Floged. resuthigignt
val ve 3 when the signal detector 17b detects a_ 5 signal of a small anount
of |ight. Ameyntphlightis ineidgntgrethetlight sialie %rﬂﬂﬂébﬁdhll@w;ﬂlﬁ@bﬂmn ofthssed,
a sufficient anount of light is incident on the |ight valve 3 and the

i | | uni nancdight dtumipatingthedight malve 3i ig hmiformyandterefiere tileminages nemimigorgitys
uniform and therefore illum nance non-uniformty on the screen is
prevent ed. ohGhé\kareen wsiprdvented. shutt er nechani sm 17a, the pair of

| i ght - bl ocki ng nenbers 17L and 17R respectively have the cuts 17g forned
in thelld respecti vWdsqrwth theishatiedinfehahiom 17a, the pair of light-blocking members 171

and 17R respectively have the cuts 17g formed in their respective protruding sides to

regulate passage of light, and are straightly drivén to protrude/retract oﬁ the optical path,

approximately perpendicularly to the optical path from both sides of the optical path, éo

as to control the amount of light from the light source 5a according to the extent of their

15  protrusion on the optical path. Accordingly, it is possible to improve the contrast

| through smooth control of the amount of light, with a simple structure and without

deterioration of lifetime due to the heat of the ﬁght from the light source 5a. In

paxtiéular, the contrast can be smoothly controlled because of the formation of the cuts

17g in the protruding sides of the light-blocking members 17L and 17R, and the

20  deterioration of lifetime due to the heat of the light from the light source 5a is avoided
because the shutter mechanism 17a does not use liquid crystal.

Also, the light-blocking members 17L and 17R are structured so that they are

moved straight to protrude/retract on the optical path, approximately perpendicular to the

optical path from both sides of the optical path (i.e., they are not turned like those of

25 Conventional Art 3), and the light-blocking members 17L and 17R are positioned in the



regul ate passage of light, and are straightly driven to protrude/retract on
the optical path, approxinmately perpendicularly to the optical path from
both sides of the optical path, so as to control the anount of |ight from
the light source 5a according to the extent of their 15 protrusion on the
optical path. Accordingly, it is possi b{l\f to inprove the contrast through
snoot h control of the anount of |ight, Th a si npl e structure and w t hout
deterioration of lifetine due to the heat of the light fromthe Iight

source >a. vidi‘nigﬁ@i; ?ﬂetc %Qc@ﬁd lélﬂe%ﬁ?ﬁ ! the aéi‘d@‘&%sgxféﬁgit E’!%eé’g'o 2}‘&1? Hg@%n%eﬂéus €

of the formati e cuts n the protr

| i ght - bl ockj ng. e Y/ /R, he,; 2 rd i an. I.f.af]

due to the%h%ﬁr@g%?et éfzm%ilgnh?'%&rconr@[W%%F%Shfms%h&rjgzﬁ%&ﬁg’tegl ollné%gh ‘{r)lg%g%ge

t he shutter_nechani 17a do ot.use liguid crystal. .A sg. the

[ 1'ght - bl ocHmARs ABnsa Fom e HRREvAVE 15 Eoust Albinbiet Mol il ®fey "ar e rove
straight to protryde/retract on the optical path, approxi mtely

per pendi cul ar to ?Fé’ndg)ﬁ? F’E%FFBH’QP TR m bot h sides of the optical path
(i.e., they are not turned |ike those of 25 Conventional Art 3),. and the

|i ght - bP ocki ng melbesprojection disphay aprargys il phbeatirsh preferred empodimgnty thss
the second lens array 7b on the side upstreamthereof. This prevents the
shut t er shapétesfmechanifigliye-ipposikipned beivisen theifpst leng amrgRr 7e 8ot the Fergnd deged
with the inmage emtted fromthe |ight valve 3 to cause illum nance

non- uni f or mitay .7bSe Homaven, ek sshown Bnbidi ke pHjeciionhdisplapjappataty 1T ofb|thip
apparatus | of the first preferred enbodi nent, the shutter nmechanism 17a

i s positi ompesfedpet embodient fhias ghe |shogeramealyantsn difd pdsidioned odoovistraam el thay
7b. However, as shown in FIG 13, a projection display apparatus 1C of this
preferred gohedhtimntodvessideleatent Defforregdiaplesin FiG pR)shétivedie thedpotatzatioam of
the polarization conversion elenent 9 (for exanple, in FIG 13, between

the poi@ri zahvepsiod GlédiY 89 ah@nhe! @iE&seP 1azd11)he I Vikkengepeckss NBis1pneferled
ot her respects, this preferred

embodiment is configured the same as the first preferred embodiment.

As shown in FIG. 14, in the distribution of light-source images formed by the
flux of light passing through the polarization conversion element 9, the number of
light-source images is doubled as compared with that in the distribution of light-source

15 images formed in the secoﬁd lens array 7b (FIG. 8). Accordingly, when the shutter
mechanism 17a is disposed following the polarization conversion element 9 as shown in
this preferred embodiment, the amount of light that illuminates the light valve 3 can be
controlled more smoothly by opening/closing the shutter mechanism 17a (i.e., the contrast
can be controlled more smoothly).

20 Also, when the shutter mechanism 17a is positioned between the first lens array
7a and the second lens array 7b as shown in the first preferred embodiment, particularly
when the shutter mechanism 17a is disposed in the vicinity of the first lens array 7a, the
shutter shape is imaged to the light valve 3 because the conjugate position of the light
valve 3 is in the vicinity of the first lens array 7a. Also, particularly when the shutter

256  mechanism 17a is disposed between the vicinity of the first lens array 7a and the second



enbodi ment is configured the same as the first preferred enbodi nent. As
shown in FIG 14, in the distribution of |ight-source inages forned by the
flux of |ight passing through the polarization conversion el enent 9, the
nunber of |ight-source imges is doubled as conpared with that in the

di stribution of Iight-source 15 i nmages fﬂmrred in the second lens array 7b
(FIG 8). Accordingly, when the shutter chanism 17a i s di sposed

foll owi ng the pol arization conversion elenent 9 as shown in this preferred

enbodi ment jenk AR APBUHe Huttet glg&epetrﬁé’f blia iidPad 8 88 AR Jal@d, ¥epkN@ng ondfe e

controll ed nore snoothly by ni ng/ cl osi hg the shutter nmechani snil17a

(i.e., theg %&‘ﬁ?ctlii%ﬁ ?&S‘mgg 5&,06&51%5 'tgég{d%gre c%ep?lggpﬁgl %&oqd%@nﬂﬁ&a@%%&gﬁg

shutter nechanism’l oSI'tione rst lens ar
t he second .l ens [ /be.as shown inthe . first prefarr nbodi nent ,
bart: ool o BSPRahe Blopl Beas RSBkl sk Bablol ¥ PRI BB T LL VI i 1y of
the first lens array 7a,.the shutter. shape is i ed to the Light. val ye 3
because the conj u%%%’%vcﬁ’o@i sdwelgired fmbp Eﬁ)ﬁm’ t@w@%wﬁwwﬂéagﬁ é‘FPﬁSF of
the first le array 7a. Also, particularl en the shutter 25 pechgni sm
17a i s Bii spoolaviibs heleRzt ‘RPPEFWOP;PT%'P@‘F earﬁvzfﬁ%%hﬂsgﬂ TANRRE/1S PR HARECE R
second 20 lens array 7b, the shutter shape nmay be imaged to the |ight
val ve 3, dtisdight nyved. reaerdlesn ghdespnjugate|nogition o theckighs yalvg Scanddhe shapepbcal
depth of the second lens array 7b becones deeper as the shape of the |ight
source 5a the lighbsmwrcea %n.poi nt |ight source. However, in this preferred
enbodi nent, the shutter nmechanism 17a is disposed 5 to followthe ‘
pol ari zati on convVEsati n whamshe <huttendnechanism si¥at iserpositiaped ite fultow rthged
to the light valve 3, regardless of the conjugate position of the |ight
val ve 3 angdolafigatihagmversiont élemkenigh tas shuwaeinSthis plefdrredsembdidiment) ehes biuitteer
mechani sm 17a is positioned to follow the polarization conversion el enent
9 as sh@Wnniebhdniing IMae{se capblee GPadoRe Bhoothhie cofubllias the amount of light that
illuminates the light valve 3, without the shutter shape being imaged to the light valve 3.

Also, considering the controllability of the shutter mechanism 17a, it is
preferable to dispose the shutter mechanism 17a between the polarization conversion
element 9 and the condenser lens 11, and in the vicinity of the condenser lens 11, where

15  the light passes in a larger area. This is because, as the light propagates from the
condenser lens 11 to the light valve 3, the area of light passage becomes smaller to
become closer to the area of the light valve 3, and then it becomes difficult to control the
shutter mechanism 17a.

While the invention has been described in detail, the foregoing description is in

20 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.



10 nmechanism 17a i s capable of nore snmoothly controlling the anount of ..
light that illum nates the |ight valve 3, without the shutter shape being

i maged to the light valve 3. Also, considering the controllability of the
shutter nmechanism 17a, it is preferable to dispose the shutter mechani sm
17a between the polarization conversion 2Flenent 9 and the condenser |ens
11, and in the vicinity of the condenser®fens 11, where 15 the |ight passes
in a larger area. This is because, as the |ight propagates fromthe
condenser |Wha iddlaimedRe |1 ght valve 3, the area of |ight passage becones
smaller to becone closer to the area of the light valve 3, and then it
beconmes difficult to control the shutter mechanism 17a. Wiile the

i nvention has been described in detail, the foregoing descriptionis in 20
all aspects illustiratiye:a 1O | A:4 i's understood that

nunmer ous ot her rrtl)di ﬁ%@@@%&%@&@@%ﬁ%&g%rgpré%%g.be devi sed w t hout
departing fron1thgl%ﬁpaﬁvqf the invention. 21 Wat is clained is: 1. A
proj ection display pparé%us conprising: a light valve; 5 a light source
that encts light to said |ight valve: an.integrator |lens that is disposed
on an opti cal patﬁ%ﬁﬁﬁﬁﬁyﬁﬂﬂ?ﬁﬂPgégﬁbﬁbﬁ¥¢Hgmg@ﬁ5h1said li ght source to
said light valve and that kes uniforman-illum nance _distribution of the
light from said |F©h?te§f8mfg§35 thatsS siopond S aoBHaH R PEa%lgil'ssilHP%O@’esﬁéﬂlgon
said optical path and that controls an _10 amount of said |ight_that

i 11 uni nat edrogkisaid ilight squce do said diskh yelver apd dhatnmakesc gpbenns jang illmiaanceof

| i ght - bl ocki ng nmenbers having cuts formed in their respective protruding
sides to ré@m%t@npééh@b@t&onsw@hgh@mcem@ pai r

a shutter mechanism that is disposed on said optical path and that controls an

10 amount of said light that illuminates said light valve,
said shutter mechanism comprising a pair of light-blocking members having
cuts formed in their respective protruding sides to regulate passage of said light, said pair
of light-blocking members being moved straighf to protrude/retract on said optical path,
approximately perpendicularly to said optical path from both sides of said optical path, so
15 as to control the amount of said light according to an extent of their protrusion on said

optical path.

2. The projection display apparatus according to claim 1, wherein, in each
said light-blocking member, said cut includes a cut that regulates passage of said light
20  through an upper half of said integrator lens and a cut that regulates passage of said light

through a lower half of said integrator lens.

3. The projection display apparatus according to claim 1, wherein, when said
integrator lens includes a first lens array and a second lens array that is disposed

25  downstream of said first lens array at an interval, said shutter mechanism is disposed in a



of |ight-Dblocking nmenbers being noved straight to protrude/retract on said
optical path, approximately perpendicularly to said optical path from both
sides of said optical path, so 15 as to control the amobunt of said |ight
according to an extent of their protrusion on said optical path. 2. The
proj ection display apparatus according t% claim1l1, wherein, in each said

| i ght - bl ocki ng nenber, said cut includes g cut that reqgul ates passage of
said light 20 through an upper half of said integrator | ens and a cut that

regul at es_pagsger oid S&lofld dnd Biray bh %%thﬁtrkﬁﬁ%? sdldlsbconll 18R fhalynt €T At or

| ens. 3. The projection display apparatus according to claim 1y wherein,
when said integrator lens includes a first lens array and a second | ens
array that is disposed 25 downstreamof said first lens array at an

interval, said shytt i S| ' in.a 22 . .viciai of said
second | ens array%c')nelgleﬁ %g&{t}ﬁsﬁﬂéé’m%ﬁ %glg%cg%dé%éj (fl%lﬁéf’a%%:r. COMPIFE 2
proj ection displ appar at us, accor.ding.to clajml, further, .conprisjing a
Dol ari zat | A ADEP SPBTE AR BlSIEnL Hiet 1 L5608 oSS tioth Of SeidriRisercy [§hs atd
integrator lens and. 5 that ,ghari zation-converts |ight passing through
sai d i nfegr ?td?"l?r&%‘?“‘ﬁwegsg‘ biRaseing throngh sd integrator downst r eam of
sai d pol arization conversion elenent and that condenses |ight passing
through sai d pol ar Rderssr iegp fhatdp dispepeshdenstisamsof spid ipglarizetien, eonvigrsionei n
sai d shutter mechani smis_disposed between said integrator Ilens and 10
sai d pol ar i 2ememmnd dras sprdessesdighipatsingsthrongh ssidopalenizasion ¢osydrsipn glspeanhtas
according to claiml1, further conprising a polarization conversion el enent
that is di sypuskleghtdelmst ream of said integrator |ens and that

pol ari zati on-converts |ight passing through said integrator lens, and 15 a
condenser | ens t hatherain dailphater thevhmisne dsndishosedi bbtwedrasdid antegratordanseasi on

10  said polarization conversion element.

5. The projection display apparatus according to claim 1, further comprising a
polarization conversion element that is disposed downstream of said integrator lens and
that polarization-converts light passing through said integrator lens, and

15 a condenser lens that is disposed downstream of said polarization conversion
element and that condenses light passing through said polarization conversion element to
said light valve,

wherein said shutter mechanism is disposed between said polarization
conversion element and said condenser lens.

20

6. The projection display apparatus according to claim 1, further comprising a
polarization conversion element that is disposed downstream of said integrator lens and
that polarization-converts light passing through said integrator lens, and

a condenser lens that is disposed downstream of said polarization conversion

25  element and that condenses light passing through said polarization conversion element to



el ement and that condenses |ight passing through said polarization
conversion elenent to said |ight valve, wherein said shutter nechanismis
di sposed between said polarization conversion elenment and said condenser
|l ens. 20 6. The projection display apparatus according to claim1, further
conprising a polarization conversion el ggent that is di sposed downstream
of said integrator lens and that polariZdtion-converts |ight passing
through said integrator |ens, and a condenser lens that is disposed
downst r eam gfiq §gitdaRR! ari zation conversion 25 elenent and that condenses
| i ght passing through said polarization conversion elenent to 23 said
| i ght val ve, wheregj L | i i j i I GLI f
sai d condenser | e%&re‘i@%ﬂc}%@ﬂ%{rgjﬁ%@%ﬁ %ﬁq%jla{s%}l)%?/(yé%%gcﬁtggfu%ﬁg@c%drngﬁ%}; tétl)lg'
claim1l1, wherein said cuts 5 are of a concave-curve shape. 8. The
proj ection display apparatus according to claim1l, wherein said cuts are
of an appr oxi nat el rabolic shape. 10 9. The projection display apparatus
according to. clai’m 70eQRYeeHop Elé‘?@yégpgratugraézc ‘%toaﬁlm%i’ PFE{%E"'I"\;{/ said cuts
sem -el Li ptical. shape. .

5 " are of a concave-curve shape.

8. The projection display apparatus according to claim 1, wherein said cuts

are of an approximately parabolic shape.

10 9. The projection display apparatus according to claim 1, wherein said cuts

are of an approximately semi-elliptical shape.



