Title of the Invention PROJECTION OPTICAL SYSTEM AND
PROJECTION-TYPE IMAGE DISPLAY APPARATUS Technical Field
The present invention relates to a new projection optical system and
anew projection-type image display apparatus. More specifically, the
invention relates to a technology that maintains high resolution with low
distortion, provides a small depth, and decreases the bottom (or top) of a
screen. Background Art Recently, there is an increasing demand for rear

projection televisions, Thetear projection television has the feature of flat
television represented by LCD (Liquid Crystal Display) direct-view
television and PDPRFISHE DI pldE Pahel) s Camparéd to these

televisions, e ssaLRRIRCRN Ieeyigion aXides  Buste et enlarges

and projects ‘an'image display element as large as approximately one

inch. Consequently, the rear projection television is available at low costs.
The rear projection television is relatively easily compliant with demands
Torhighdmage! ddlity of full HD (high definition) signal levels represented

by BS (Broadcasting Satellite) di ita& broadcastipl% a % X rég%qiall%i tal.
broadcfhstiena.r Ssnetﬂgé jd%veernhga%r?é? the ?gaerSpFéieactioﬁq e e\?‘]lsion iS mgunt%?j"
with-adightsaufee, pruiilumination ppécalsystans pand a prejestion opticate
system. The rear projection television - 1 uses a large-diameter rear

Ao £ pRjett infdifes b6 adGRert e FiGe62 §Rovis & GalticHGwy that
prajection glg%%drlseos%%gp&% axis @ fravels through the genterQf 1,

an image display element
depth, and decreases the bottom {or top) of a screen.

Background Art

Recently, thereisanincreasingdemand forrearprojection
televisions. The rear projection television has the feature
of flat televisicn represented by LCD (Liguid Crystal Display)
direct-view television and PDP ({Plasma Display Panel).
Compared to these televisions, the rear projection television
provides a system that enlarges and projects an image display
element as large as appreximately one inch. Conseqguently, the
rear projection television is available at low costs. The rear
projection television is relatively easily compliant with
demands for high image quality of full HD (highdefinition) signal
levels represented by BS (Broadcasting Satellite) digital
broadcasting and terrestrial digital broadcasting.

On the other hand, the rear projection television is
mounted with a light source, an illumination optical system,

and aprojectionoptical system. The rearprojectiontelevision



b and a screen c. According to such method, it is principally very difficult
to decrease a depth d and a size e of the bottom of a display at the same
time. In addition, there is available an optical system that obliquely
projects images onto the screen (hereafter referred to as oblique
projection) so as to enlarge projected images and thin the rear projection
television (to decrease the depth). For example, JP-ANo. 100312/1993
proposes the projection optical system that uses a wide-angle lens having

alarge el angle, Fhe prolection, oRiica) sysism e aYAed Al cen.
image |sp?ay element and ascreenshifted from the pro?ectlon optica
systend’s eptical axieand usesrihe-end of ibe fieldanglefamebligueptical
projection. As proposed in JP-A No. 80418/1993, the first projection
Gpticalisystaiit te ARSI HOPnfE Mt age g M b asEtPSn S RGHE Bud STRE

second projection optical system enlarges and. prajects the image gn.a 5, ,

screen. Optical axes of the respective projection optical systems are
appropriatéhctilied for obligue sprejettiorh Alrecentlyspropaesed projetttorn om
optical systemuses a reflector for oblique projection so as to prevent

SHromn&Hic Hisetrdtfort ftBnT 88EurtitEFin accordance with tendency toward
wide angles, e projection pptical gystem shawnindomestic. . en that

re-publication of PCT International publication for patent - 2 applications
WO OIL/ODE 295 irainly usesyare fractinghepticalksysténs ipandean opficaked
system composed of a convex reflector f to implement oblique projection.

(G2 BFBARS e dpica1 By st ShbWiT T B0RTesHE F& pubficHtionst 2
@Qﬂﬁngﬂgﬂﬂgﬂgkuxﬂection television {(tc decresasse the depth}.

For example, JP~ANo. 100312/1993 proposes the projection
optical system that uses a wide~angle lens having a large field
angle. The projection cptical system is provided with an image
displiay element and a scresn shifted from the projection optical
system's optical axis and uses the end of the field angle for
oblique projection.

As proposed in JP-A No. 80418/1993, the first projection
optical system intermediately forms image light based on a light
bulkb. The second projection optical system enlarges and
projects the image on a screen. Optical axes of the respective
projection optical systems are appropriately tilted for obligue
projection. A recentlyproposedprojectionoptical systemuses
a reflector for oblique projection so as to prevent chromatic
aberration from occurring in accordance with tendency toward
wide angles.

The proiection optical system shown in domestic

re-publication of PCT internaticnal publication for patent



publication for patent applications W001/006295. JP-A No. 40326/2002
discloses the projection optical system having no chromatic aberration
using four reflectors i (concave), j (convex) , k (convex), and 1 (convex)
arranged in order from an image display panel h (see FIG. 64). The
optical systems shown in these patent gazettes are rotationally symmetric
about the optical axis andperformoblique projection using part of the
super-wide angle optical system. JP-A No. 255462/2001 proposes the

ablique. praiselion, PPfigas %%tsfﬁ“i% i”%saé‘Foéf i%@?k%%ti%% SYREM NE o
projection optical system uses the off-axial optical system™to™ correct
trapazoidal distadion. sy additionthe prajestion optical:systamdorns an to
intermediate image between multiple reflectors m and reflector n to limit

fHEPEARREGT b6 (888 PRSIES)E A shoWhdn domé&stic repabliesidiPaf-cal
BC intematianal  pyblication far patent applications-WQL/006295, 1 ; o a1

theprojection optical system is composed of combination of the convex
reflectora f and therrefracting optical systern g. Tuinparetbtota
configuration using only the refracting ogtical system, the proposed

projectioit optidal-systern FAéifitte S tEmbYARST thB® cRio&GE ABRrraRbA &1
and enlargement of angles,Qn the.contrary . ong teflector is pseddar ., ¢

most part of the divergence. The - 3 refractive power needs to be
decreased)tp Sorfmoextent sokad torappropriatelyl correctrthe distorioneandn
the imagfe surface  aberration. The projection optical {%estem inevitably

fRnd&% o’ ERfargR thBxBhvekTRIBEdr T Hid Mcrésde thdsad Amount. This
not only;nakes the manytacture of convex reflectars difficult,y s crtes are

rotationallysymmetricabouttheoptical axisandperformoblique
projection using part of the super-wide angle optical system.

JP-& Wo. 255462/2001 proposes the obligque projection
optical system using an off-axial optical system. The
projection optical system uses the off-axial optical system to
correct trapezoidal distortion. In addition, the projection
optical system forms an intermediate image between multiple
reflectors m and reflector n to limit the reflector size (see
FIG. 65).

As shown in domestic re-publication of PCT international
publicaticn forpatent applications WO01/006295, the projection
optical systemis composed of combination of the convex reflector
f and the refracting optical system g. Compared to a
configuration using only the refracting optical system, the
proposed projection optical system facilitates removal of the
chromaticaberrationandenlargement of angles. Onthecontrary,

one reflector is used for most part of the divergence. The



but also heightens a display bottom portion (see reference symbol e in
FIG. 62). In addition, applying this projection optical system to a rear
projection television increases the depth (see reference symbol d in FIG.
62). The projection optical system shown in JP-A N0.40326/2002 has no
refracting optical system and principally causes no chromatic aberration.
Since no absorption occurs due to a lens, it is possible to provide an
optical system capable of high brightness. Since only reflectors are used
to configure the system, however, the system tends to be very susceptive

16 Hhe *Siirtaice REHFalS B fife BESERIF 2REraty YT¥acH FéflEcoP afd™°
IaeASE maRUiRCtung Costs: Rince Tuliple dgfleciors: AIToKghl 86 £ace
vertically arranged, the bottom of the display (see reference symbol e in
RGe 623 hetghtens: dneregsing isoprojedticr ange: for arlewer profileends to
enlarges the reflectors, especially the last reflector 1, making the
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ta areanprojgctianitelevisionfirther enlarges $he battan.of, the gisplay, 1 «,
The projection optical system described in JP-A No. 255462/2001 uses

anintelve diate irhaging sustate aindtiasare ddvantages ofadiclening thenbo 1

angle and decreasing the reflector. - 4 On the contrary, the reflector is .
CBHREIT 16 Bhuse e aNe G AP T feimaling decdhtarad o2

reflegtars are.used:tq,.coreat tha deqenierng aberratign Atigasthiee (see
reflectors are needed. Applying this projection optical system to a rear

projéeticn televisiomw tilf |davds g diffigulty in miniaturizing the bottom of

the displgy; Further, the Tefectors A, 10 1 shown in Jp-A No. 40326/2002

has no refracting optical system and principally causes no
chromatic aberration. Since noabsorption occurs due toa lens,
it is possible to provide an optical system capable of high
brightness. Since only reflectors are used to configure the
system, however, the system tends tTo be very susceptive to the
surface accuracy and the assembly accuracy of each reflector
and increase manufacturing costs. Since multiple reflectors
i through 1 are vertically arranged, the bottom of the display
{see reference symbol e in FIG. 62) heightens. Increasing a
projection angle for a lower profile enlarges the reflectors,
especially the last reflector 1, making the manufacture of
reflectors difficult. Applyingthisprojectionoptical system
to a rear projection television further enlarges the bottom of
the display.

The projection optical system described in JP-A No.
255462/2001 uses an intermediate imaging surface and has an

advantage of widening the angle and decreasing the reflector.



rotationally symmetric, but are configured to form a freely curved surface.
The projection optical system tends to be very susceptive to the surface
accuracy and the assembly accuracy, make the manufacture difficult, and
increase manufacturing costs. Embodiments of present invention have

beemymads in.considgration,of ihe fareoing, Embodiments of the-present,

invention seek to provide a projection optical system that is appropriate
foperaintdining Aigh resolutiomwithidonn disterdiors Pinikdtarzingre used to

r@égefé%ﬂ%d&%e ing the ¢ Hg‘ba%?%é%fi%?%?r%@fldeQSEY%%?JQQ t?Sﬂ%[g‘pors
and the bottom (or top) of a'display used for a rear projection television,
f@reexae@meibmﬁegomﬁ@!mmmmacm withtzfirstaspectar
gﬁgeeegﬁ%%%e'%%gg% thete is proyided.a g{%ﬁ%{% &‘/?’pﬂ%ar'r@{%%@r{%&ng
nlarged projection from a primary image surface existing at a reducing
dide tpatsegondary image suttace Existihgmat anenlargingside,s are not

comprising: &)L oplical system Ihatforms.an intermediate. maoe of (g,
primary image ‘surface; and a second optica sysc%em aving a concave
reflector thatferms the=secaoridary.imaget susfacevaceordirgde the be very

interme(%iate irgag wherein a_light beam travgls %om the c%rﬂter of the
Susce 1ve o} = %pr ace CCU??ﬁg =131 8 & ass IX aCcCcuracy,
pnmar%mage Surfaceto the center o secondary image surface,

cragses hb anopficataxis af thié firstlapticahsysteny,#eflectsaonifheturing
concave reflector, crosses the optical axis again,

Embodiments of present invention have been made in
consideration of the foregoing. Embodiments of the present
invention seek to provide a projection optical system that is
appropriate for maintaining high resclution with  low
distorticon, miniaturizing a reflector, decreasing the number of
refiectors, and decreasing the depth and the bottom (or top) of
a display used for a rear projection television, foxr
axample.

Disclosure of the Invention

In accordance with a first aspect of the present
invention, there is provided a projection optical system'
for enlarged projection from a primary image surface
existing at a reducing side to a secondary image surface
existing at an enlarging side, comprising: a first
optical system that forms an intermediate image o©f the
primary image surface; and a seccnd optical system
having a concave reflector that forms the seccondary image
surface according to the intermediate image, wherein &
light beam travels from the center of the primary image
surface to the center of the secondary image surface,

crosses



and reaches the secondary image surface; wherein the first optical
system and the second optical system include surfaces that are
rotationally symmetric about a common optical axis; wherein the first
optical system forms the intermediate image toward the primary image

surfage. faber ian e ongave refisctorofhe seqond aptoal YSEN o

and wherein conditional equation is~satistied whére isa

distancebetweentthe lfestopticak systens andhthe concave reflector anga R,

s yparaxial, curvatre radus, of the congave reflectar, (2) S122 RIZIN
Sccordance with a second aspecat1 of the prgsent Invention, there’is
providecbatprojectiopdype imaget displaycapparatusi campsigingera light L ude
source; moduylation means for modulating and outputting light radiated
RO Tt aicd add o 3 Gt slor o SHa brosdh cptcar ™o
system:for entarged projection from a ptimary imagesuifacetoveand therms
g}ﬁdulation means Lé) a secondqcré{ ima(geaéjrface toward a screen,

WWherein' thie” Projection OPHicAT syStERTncludEs: A it btical st tHat~®
formisean intexmediate inage of the«arinany: image suréace: andd saconda1
optical systemé;uavi{;og a concave reflector that forms the second%%/ image

SdrfacE acéiding' to the'intefimadiate tage, Whafein Qlightbeans -°% 18

travels fropitheneentes OF the primarydarage sdifaceto the centet obthe cal
secondary image surface, crosses an_optical axis of the first optical

SyStef” refidtts bRThe CBHRETe rEfLLDT -Crossaithe optichl akis A2t
andvHa.reaehes the secondan-imagessurfacel whesein thefirsts > |ry /2

In accordance with a second aspect of the present
invention, there is provided a projection-type image
display apparatus comprising: a light source;
modulation means for modulating and outputting light
radiated from the light source based on a video signal;
and a projection optical system for enlarged projection
from a primary image surface toward the modulation means to a
secondary image surface toward a sgreen, wherein the
projection optical system includes: a first optical
system that forms an intermediate image of the primary
image surface; and a second optical system having a
concave reflector that forms the secondary image surface
according to the intermediate image, wherein a light beam
travels from the center of the primary image surface to the
center of the secondary 1mage surface, orosses an
optical axis of the first optical system, reflects on the

concave reflector, crosses the optical axis again, and



optical system and the second optical system include surfaces that are
rotationally symmetric about a common optical axis; wherein the first
optical system forms the intermediate image toward the primary image
surface rather than the concave reflector of the second optical system;
and wﬂereint%onditional e%uation I_gZ) below is sati$fie%where S%[ IS .o
iStaREE Betiden Tha fiFst “Gptical Sydtent ahd The Contave Teflector and K
is @ pasaxiakounvaturesradius ok the cengave seftecton. (23812 RH{2rude
5b In example embodiments, the light beam travels from the center of the
piithafrfage stfatEto HiEeEhfei df the SVEBRAAN INAYE Surfacé aidon
crpsses.the optical axjs of thefirst, optieal systemy, The light.heanis thepy, .
reflected on the concave reflector, crosses the optical axis again, and
rehehesthersecondazy image stface JdFollowing this fight patheforurface
example. the,seqand optical system pward outputs fght that is formed .,
on thé seconaary image SUFface from ttie approximately - 6 ‘horizonta ly
disposed firstroptieal system. dhesecond Opticadsysiem only)needsda is
converge a slightly spreading light flux from a point on the intermediate

ifabe For e fitdt dpfical System ofito AT SiFthE eE¥Gdaryifagélrst
sygface . Small oplical pauts cap be ysed ja realize thesgeond gptical; 5 4
system. Let us consider that the projection optical system is used to
cohstradted projectivh-type imdge displaycagparatusa rethiss thseftfor . (2)
e le,, cond optical system may upward (or downward) output
Iié??':ﬁ%t fg% %rsr%ed on the secondary image
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- surface from the approximately horizontally disposed first optical system.
In this manner, it is possible to greatly decrease a space needed for the
optical system that is disposed at the bottom (or top) of the screen. A
projection optical system in example embodiments is constructed for
enlarged projection from a primary image surface existing at a reducing
side to a secondary image surface existing at an enlarging side and
includes: a first optical system that forms an intermediate image of the
primary image surface; and a second optical system having a concave
reflectol thaxformsthensecdndatsimage suifae dccordinguetlise from the
intermediat: ir{twlgl%e. A light beam travels from the cen%er of the primar

e

iﬁ?ggtee Surfac hé& Centerof the $econd: r‘i’}(’f%aég :su[}reacgf‘a’E‘FCoes"%eéD nthe
epticakaxis ofthe fisst-gpticabsystems seflagts aptheconcave reflectorsirst
crosses the optical axis again, and reaches the secondary image surface.
Aprbjedtich-pysalimage display apparatud-licexamplecembaodinégtsconcave
ingludes: alight source; modulation means for - £ modulating and . .
6utﬁuﬁ|ng ﬁght raala%eg from théjhg §soutce Shased on avideo S|griaef; )
aRda prejectianyepticar systemder 1 enlargechprojection e A pHMaiyample,
image surface toward the modulation means to a secondary image

SiRacEtonardaisEeen SYTHEProjecisn opticalt 5§stekafficludes :fifstrmed
%%'C%H%Y%Sd'&”oﬁ%aatéﬁ”‘i%s ”tSHP%Q'ﬁée image ot the or 'ﬁ?\%ﬁ!}ﬁéJ@ely
surface; and a secord optical system having a concave reflector that

forms the secondary image surface according to the intermediate image.

A light beam travels from the center of the primary image surface to the
center of the secondary image surface, crosses an optical



axis of the first optical system, reflects on the concave reflector, crosses
the optical axis again, and reaches the secondary image surface. In the
projection optical system, the light beam travels from the center of the

primary image surface to the center of the secondary image surface and

crosses the optical axis of the first optical system. The light beam is then
RoHoABR B e AGREATE réfietor B0t tRESOEBcal Sos SRR aR 1521

ieaghes the seceadary-image surface, F@ﬂ@gﬂ@@;ﬁh@i@%ﬂ%h Athenfirst )y
optical system once forms an intermediate imaging surface. The concave
reflecter isadisposed dfter thécimtedthedintéimaginp suifhce o foimartical

i th dary i f in. There | d .
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appropriaielyrcoriecied for aberratien and exdubits sufficient oplicdbrn. Tet
performance. The projection-type image display apparatus - 8 uses the
projertionioptical systeito projecani imagedtoriied pytherimddulagen to

means onto the screen, Accordingly, the projection-type image display. . .
SRS cah BCom it Hi6n SHORS ADLREa NES Hes Bottom (-5
topy of the scesemu, alsedisplayran eplarged imagedhatis; upward (or
appropriately corrected for aberration and exhibits sufficient optical
PeMaItRERAce O Bifef-DesEIptioN8F DrawhTgE EfG O, 48SvelPaSTEIGS, 2mage

Qe Recalna - ArsiE e el
eftheproject fareaptical sygtetnmanner, it is possible to greatly
decrease a space needed for the optical system that is disposed
at the bottom (or top) of the screen.

A projection optical system in example embodiments is
constructed for enlarged projection from a primary image
surface existing at a reducing side to a secondary image surface
existing at an enlarging side and includes: a first optical
system that forms an intermediate Image of the primary image
surface; and a second optical system having a concave reflector
that forms the secondary image surface according to the
intermediate image. A light beam travels from the center of
the primary image surface to the center of the secondary image
surface, crosses an optical axis of the first optical system,
reflects on the concave reflector, crosses the optical axis again,
and reaches the secondary image surface.

A projection-type image display apparatus in example

embodiments includes: a light source; modulation means for



FIG. 3 shows evaluation points on an image display element. FIG. 4 is a
spot diagram showing light radiated from the evaluation points shown in
FIG. 3 onto a screen. FIG. 5 shows distortion on the screen. FIG. 6, as
well as FIGS. 7 through 9, shows a configuration example of a rear
projection television together with part of I%g trajectories and_provides a

PEFPEREVEL BT VRABY Trome tHe F85r bR tHe 5RTedh OBIGNT id tebigesouree
view.F1Gr.8.s angnlarged perspective vew:showing the Rreiection o for

optical system. FIG. 9 shows an angle between the screen and an
ctiiost sl htthegantin dight flux direptedutortheisereendromzamitrovard the

placed immediately in front of the screen. - 9 FIG. 10, as well as FIGS. 11
tﬁ“f’éh’gﬁijé?%ﬁ%%@g% $eoh P EmBoumertaf Sﬂﬁi’ﬁae%eafp%?e‘é%o% opticat™

systemrusedforra projeciionsiyedmager display apparatus. &G L1 i$ &k en
enlarged view of the projection optical system. FIG. 12 shows evaluation
pdiats dnarpiraageérdisphstalementabiGo13isa spondiagrameghowingace;
light radiated gom%he gvalu%tionypoints shown in FIG. g onto atsTcrgeP.

- £4 SHOWS distortion 68 the screen Fic “TB-awel as Fiss. 18- o
threugh déhshewsma eonfiguation.exanpleofa reas prajectieriialeyisionye,
together with part of light trajectories and provides a perspective view,
Viewsd froigahe resaredBthecserddig center of the primary image surface

to the center of the secondary image surface, crosses an optical
axis of the first optical system, reflects on the concave
reflector, crosses the optical axis again, and reaches the
gecondary image surface.

In the proljection optical system, the light beam travels from
the center of the primary image surface tce the center of the
secondary image surface and crosses the optical axls of the
first optical system. The light beam is then reflected on
the concave reflector, crosses the optical axis again, and
reaches the secondary image suriace. Following this light
path, the first coptical system once forms an intermediate
imaging surface. The concave reflector is dispcosed after the
intermediate imaging surface to form an image on the secondary
image surface again. There is no need for a large concave
reflector. It 1is possible to provide a large display that
is appropriately corrected for aberration and exhibits
sufficient optical performance.

The projection-type image display apparatus

-8 -



FIG. 16 is a side view. FIG. 17 is an enlarged perspective view showing
the projection optical system. FIG. 18 shows an angle between the
screen and an outmost light beam in light flux directed to the screen from
a mirror placed immediately in front of the screen. FIG. 19 shows
correspondence between conditional equation (1) and associated

USRS inPtHe Brojecionidpticat sP¥ETATacramig & thetfirsimnage formed
pEMbRAImEnt, 1120, agaell as,EIGS.Lthqual.27, showsafidy, the

embodiment and outlines a projection optical system used for a
pprdjectionrtyperimagedispliysapparatusa EfGu2ldsamenlarged vieweod low

the projection optical - 10 system. FIG. 22 shows evaluation points on
PL iS0E Hieplay SHER, BIG. D316 R s OrdibugFan showing HGRES™ Bt

afadiatedsfrom,the, evaluation;peintsshewninFIG, - SEKEEN,
24 showg digsit/o?ﬁrcl)n on the scre%?% %GQ}%I% as Weﬁ%a%sglgfgéc 26ﬁﬁgug§ted

o, dhows bl configiiratibhexamply 6f alreralr projettion televiSiormagether
with part of light trajectories and provides a perspective view, viewed from
the rear of the screen. FIG. 26 is a side view. FIG. 27 is an enlarged

BReEspestive Mewishowingihe, prejection optical system. FIG. 28, as well
as FIGS. 29 through 35, shows a fourth embodiment and outlines a
projectiéf-opticalssystemasséddor 2 through 9, shows a first embodiment

and outliines a projecticon optical system used for a
projection-type image display apparatus.

FIG. Z is an enlarged view of the project ion optical systan.

FIG. 3 shows evaluation points on an image display element.

FiG. 4 is a spot diagram showing light radiated from the
aevaluation points shown in FIG. 3 onto a soreen.

FIG. 5 shows distortion on the screen.

FIG. 6, as well as FIGS. 7 through 9, shows a configuratioﬁ
examplie of a rear projection television together with part of
light trajectories and provides a perspective view, viewed from
the rear of the screen,

FIG. 7 is a side view.

FIG, 8 is an enlarged perspective view showing the
projection optical system.

FIG. 9 shows an angle between the screen and an outmost
light beam in light flux directed to the screen from a mirror

placed immediately in front of the screen.



a projection-type image display apparatus. FIG. 29 is an enlarged view of
the projection optical system. FIG. 30 shows evaluation points on an
image display element. FIG. 31 is a spot diagram showing light radiated
from the evaluation points shown in FIG. 30 onto a screen. FIG. 32 shows
distortion on the screen. FIG. 33, as well as FIGS. 34 and 35, shows a
configuration example of a rear projection television together with part of
light trajectories and provides a perspective view, viewed from the rear of
the screen. - 11 FIG. 34 is a side view. FIG. 35 is an enlarged perspective
view shéwing e projeetion optichF8ystemtFIGLe8, a8 wehasFIGSe3pnd

through 40, shows a fifth. embodiment and outlines a projection optica
TS5 GF S Prabelon- S e e pea E B7 2 afe™
enlarged view of the projestion opticak Systerm k1@ «38 shows evaluation
points on an image display element. FIG. 39 is a spot diagram showing
light radfdted fldmitheaBvaREdibaIsbIFEsSshevn T FIG T 38sHb A stieehcal
FI%.tAéO shows distortion on the screen. FIG. 41, as well as FIGS. 42
tshﬁ?ougﬁ1 45, shows a sixth embodiment and outlines a projection optical

system used farz a projectien-dype tnage gisphay apparafUSimage display
element.

FIG. 12 is a spot diagram showing light radiated from the
evaluation points shown in FIG. 12 onto a screen.

FIG. 14 shows distortion on the screen.

FIG. 15, as well as FIGS. 16 through 18, shows a
configuration example of a rear projection televisicon together
with part of light trajectories and provides a perspective view,
viewed from the rear of the screen.

FIG. 16 i1s a side view.

FIG. 17 is an enlarged perspective view showing the
projection optical system.

FIG. 18 shows an angle between the screen and an outmost
light keam in light flux directed to the screen from a mirrox
placed immediately in front of the screen.

FIG. 19 shows correspondence between conditiconal equation
{1) and assocliated portions in the projection optical system
according to the first embodiment.

FIG. 20, as well as FIGS. 21 through 27, shows a third
embodiment and cutlines a projection optical system used for
a projecticn-type image display apparatus.

¥1G. 21 1is an enlarged view cof the projection optical

....10.”.



FIG. 42 is an enlarged view of the projection optical system. FIG. 43
shows evaluation points on an image display element. FIG. 44 is a spot
diagram showing light radiated from the evaluation points shown in FIG.
43 onto a screen. FIG. 45 shows distortion on the screen. FIG. 46, as well
as FIGS. 47 through 50, shows a seventh embodiment and outlines a
projection optical system used for a projection-type image display
apparatus. FIG. 47 is an enlarged view of the projection optical - 12
system. FIG. 48 shows evaluation points on an image display element.
EHE 48 is a spot diagram showing light radiated from the evaluation

points shewn in F1G, 48.0n1Q &15¢reenn FIG, 50 shows distartiop.onghe,; 5y
screen. FIG. 51, as well as FIGS. 52 through 55, shows an eighth

efbogliment and outlines a projection optical system used for a
projection-type_image dis Iayiaﬁpparatus. FIG. 52 s an enlarged view

. , of
the projectionoptical System. it B3 EHSWwe dvahition Homtssh k™ the
image gisplay elemants ki 54:is arspot.diagran showing dight radiated
from the evaluation points shown in FIG. 53 onto a screen. FIG. 55 shows
distortiohlén thet sefeers RIG: 156, asawelbastFIG S B2 twough 60, show a

ninth
FIG. Zb, as well as FIGS. 26 thrcugh 27, shows a

configuration example of a rear projection television together
with part of light trajectories and provides a perspective view,
viewed from the rear cf the screen.

FIG. 26 1is a side view.

FIG. 27 is an enlarged perspective view showing the
projection optical system.

FIG. 28, as well as FIGS. 29 through 35, shows a fourth
embodiment and ocutlines a projection optical system used for
a projection-type image display apparatus.

FIG. 29 is an enlarged view of the projection optical
System.

FIG. 30 shows evaluation peints on an image display
element.

FIG. 31 is a spot diagram showing light radiated from the
evaluation points shown in FIG. 30 onto a screen.,

FIG. 32 shows distortion on the screen.

FIG. 33, as well as FIGS. 34 and 35, shows a configuration
example of a rear projection television together with part of
light trajectories and provides a perspective view, viewed from

the rear of the screen.
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embodiment and outlines a projection optical system used for a
projection-type image display apparatus. FIG. 57 is an enlarged view of
the projection optical system. FIG. 58 shows evaluation points on an
image display element. FIG. 59 is a spot diagram showing light radiated
from the evaluation points shown in FIG. 58 onto a screen. FIG. 60 shows
distortion on the screen. FIG. 61 shows correspondence between
conditional equation - 13 (1) and associated portions in the projection
optical system 3%cg%rdin%§%thev£oeuwrth embodiment. FIG. 62 outlines the
general configuration SF & well-Known rear projection television. FIG. 63

outlines the prajection epticahsysteny shews 2 darmestig kgrpyblisation afie
PCT international publication for patent applications WO01/006295. FIG.
64 Blflifles the BrbieibnSysticat system shown in JP-A No. 40326/2002.

FIG. 65 ngine§6the provi,e t'ion op]lr:ifglssy fe hown.in . JP-A No. .
255462/2001. FIG. 86 outlines the projé(:%tiorr]}gﬁ?c% %yétaémss own i TTEER
Jibo i 845 7642005 :BesktMode-farGCatrying Opt the InventionTheed for
following describes the best mode for carrying out the projection optical

SyfEM- &rd 8 projegtidhdgfie frhages dispraFappHratus according to the
‘anv,e;‘f]‘é’%{%‘:‘ft-; FPfeRAN a0 408 AFERMARLY NG IRNNIRPEE IS o ca
system.

FIG. 38 shows evaluation points on an image display
element.

FIG. 39 is a spot diagram showing light radiated from the
evaluation points shown in FIG. 38 ontc a screen.

FIG. 40 shows distortion on the screen.

FIG. 41, as well as FIGS. 42 through 45, shows a sixth
embodiment and outlines a projection cptical system used for
a projection-type image display apparatus.

FiG. 42 is an enlarged view of the projecticn optical
system.

FIG. 43 shows evaluation points on an image display
element.

FIG. 44 is a spot diagram showing light radiated from the
evaluation points shown in FIG. 43 onte a screen.

FIG. 45 shows distortion on the screen.

FIG. 46, as well as FIGS. 47 through 50, shows a seventh
embodiment and outlines a projecticn optical system used for
a projection-type image display apparatus.

FIG. 47 is an enlarged view of the projection optical
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projection optical system and FIGS. 7 and 8 for the projection-type image
display apparatus). The projection optical system according to the

invention enlarges and projects images from a primary image surface
existing at a reducing side to a secondary image surface existing at an
enlarging side. The projection optical system has a first optical system

and a second optical system. The first optical system has a concave
reflector that forms an intermediate image - 14 of the primary image
surface. The second optical system forms the secondary image surface

ré¥ AT from the intermediate image. A light beam travels from the

center o primary,image surface .o the center of the secondary ima
curace St tromed M B B RSt Fobe i g Pray
cepeavateflector, crosses the optical axis again, and reaches the
secondary image surface. To summarize the image formation, the first
optical sSyStenfforniseaffffefrédiatd iffayeiortiHe piimaAfiage durracéhe
The.congavs reflector.then converges the image 1o form.4 pupil that is
formed as the secondary image surface. The first optical system
generatesTan irtermediate dmageratia towmagnrifieatterrn The second

optical system enlarges the intermediate image and forms it as the

secondafy fmagesifalé ut & &pktitied Thagniffedion The bptidatsystdh th
degsgribed in domestic, 'E%‘PHQQCQ?Q QLRCT intemational publicafion for ¢,

patent applications W001/006295 provides the convex refléctor with an
effept-ofi emtarging imagésahnethis sase ydeeneasiigithe convex reflector's
curvature vignettes the light beam. The use of onI){1 one convex reflector

cannot incréase the &nfirg8ment $56tof1ew ©f the projection optical

systTem.

FIG. 53 shows evaluation points on an image display
element.

FIG. 54 is a spot diagram showing light radiated from the
evaluation points shown in FIG. 53 onto a screen.

FIG. 55 shows distortion on the screen.

FIG. 56, as well as FIGS. 57 through 60, show a ninth
embodiment and cutlines a projection optical system usad for
a projection-type image display apparatus.

FIG. 57 is an enlarged view of the projection optical
system.

FIG. 58 shows evaluation points on an image display
element.

FIG. 59 is a spot diagram showing light radiated from the
evaluation polints shown in FIG. 58 onto a screen.

FIG. 60 shows distortion on the screen.

FIG. &1 shows correspondence between conditional equation
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Increasing the convex reflector's curvature makes the aberration

correction difficult and disables the sufficient optical performance from
being obtained. To avoid this problem, multiple convex reflectors may be
used to distribute the power and decrease the curvature of each convex
reflector. However, a space large enough to dispose the multiple convex
reflectors further increases the optical system size. - 15 When a concave
reflector is used, by contrast, decreasing the curvature hardly vignettes a
Ii%{]t beacrln. The conve reflector or the concave reflector widens the field

angle 38" 16iows Hependity onWhetHerthey s SositGiedBetGR 0P ¥ftER™
the uipil; £4) Betweaen the pupilpoesitign,and an image formation position
(secondary image surface), the convex reflector widens the field angle.

(B) BetweEn- divimage fopmatieropositioh (intefipdiatel image) and thenown

puépélllrposmoré,C h:? concave reflector widens the field angle. Even when

0 Q VLS LON, H
the Concave Tefleclor is USed’ fioWever, there may be many optical

surfacesshetween dhe pupilpesitiopand the. secandary image-swiface.In 1

such case, the optical surfaces must receive the light beam widened by
theTveaverrefieetdr! cridseopficil3ufates entargeaheropticat systemior

F%rtt@& reas%,ctgg.concaﬁygorﬁﬂgg%rgr%eeds to be placed to the side of

the secon%%?y magé%rﬁsrface. ccordingly, the projection optical system

accordingrte. theinventionesses a frst opticab systemdo10R6a genesats,ani n
intermediate image. The concave reflector is subsequently placed to form

A8 ithdie-ad Big 6/2002.

FIG. 65 outlines the projection optical system shown in
GP-A No. 255462/2001.
FIG. 66 outlines the projection optical system shown in

JP-A No. 84576/2005.

Best Mocde for Carrying Out the Invention

The following describes the best mode for carrying out
the projection optical system and the projection-type image
display apparatus according to the invention with reference to
the accompanying drawings (see FIGS. 19, 21, and 61 for the
projection optical system and FIGS. 7 and 8 for the
projection-type image display apparatus).

The projection optical system according to the invention
enlarges and projects images from a primary image surface
existing at a reducing side to a secondary image surface existing
at anenlarging side. The projectionoptical systemhas a first
optical system and a second optical system. The first optical

system has a concave reflector that forms an intermediate image
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secondary image surface. A concave reflecting mirror is appropriately
positioned so as to form the pupil immediately after the concave reflector.
In this manner, the concave reflector is prevented from being enlarged. In
the projection optical systemaccording to the invention, it is preferable to
construct the first and second optical systems - 16 whose surfaces are
rotationally symmetric about a common optical axis. Each constructive
surface can be formed easily compared to a freely curved surface or an
off-axial surface. It is possible to reduce manufacturing costs and
iMErEASeRheTStiTad@eace raey Sieeach Lo st REve s iace. ASH RIS P ™S

the, S’é%%'!n%‘atroﬂiﬁg' perigrmance.is, sasily ay %!;l%bc'ﬁe\évz@@&%%'é e image.
single-side concave reflector is used to construct the secon optical
systerhritisapossible 1o decrease: thennamber ofcomponepteang: futthesce
save the space and costs. A concave or convex reflector can be placed

BefoRs &1vd Bfter HHé eorcRRe fefle i Lo A o hiRf miprovesthe optical
abarration; goirecfions, Ihg first opical systeyissanfigired 10 fampan . o -,

intermediate image toward the primary image surface rather than toward
thecconcave seflectar=df thel secgadoptical systene dirtthis manneryit isvage

possible to prevent the concave reflector from being enlarged and form a

[Brged 26Bondary IHHELE SHTatd thatas Apptophitel corfettéd f6F optical
aberration.and exhibits. syfficient.optical nerformance, When the. first £2 e .

optical system forms an intermediate image, particular attention needs to
e epaithtoaa ¢endéhey to ntreaseardistance hékvéen dlae iprihary: mmagei 1
R A e e e, AN I . The £irst optica:
system generates an intermediate image at a low magnificaticn.
The second optical system enlarges the intermediate image and
forms 1t as the secondary image surface at a specified
magnification.

The optical system described in domestic re-publication
of PCT internaticnal publication for patent applications
WO01/006295 provides the convex reflector with an effect of
enlarging images. In this case, decreasing the convex
reflector's curvature vignettes the light beam., Theuse ofonly
one convex reflector cannot increase the enlargement factor.
Increasing the convexreflector'scurvaturemakes the aberration
correction difficult and disables the sufficient optical
performance from being obtained. To avoid this problem,
multiple convex reflectors may be used to distribute the power
and decrease the curvature of each convex reflector. However,

a space large encugh to dispose the multiple convex reflectors

further increases the optical system size.
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distance also enlarges the optical system. It is necessary to decrease the
distance between the first optical system and the intermediate image. As

a target, it is desirable to satisfy conditional equation (1) below: (1) Si/Ls

< 2-17 where Ls is the length of the first optical system, and Si is the
distance between the first optical system and the intermediate image.
When the left-hand side of the conditional equation (1) is greater than or
equal to 2, the distance between the primary image surface and the
second optical system becomes long. The optical system remains large
even WHEFARiRRfEHTateE platie: Mirkeris 88ed o atvrensthe distanes ing

The prajection, Q“%aa!%fte%f?eg%%%dé%% to,the Inygntion, constyjcts

. 3 . convex
pupil between the concave reflector and the segondary Image surface to

eficibntlycguide a light paths For- 833 purpese;iconditional eguation2le as
below must be satisfied: (2) S12 > IRI/2 where R [/ 2 2 is the focal
distartEs S tRE ToearE ST TaHtPS FX R 1196 Histahee betirsenahe fst”
syrfa f the first optical system and the concave reflector along the
optical axis. When the optical system has a reflector on the concave
reflectoris\primary ofrisecondany image sutface, eaadisionaheguation:(3) i on
below must be satisfied: (3) SR12 > JRI/2 where SR12 is the distance
BEtveerPthé CorEaVR T AGRER AR TRE Predatint i sicEBERTG TIHd RS

alQuohe optical axis . When the projection optical system according to
the

{B} Between an image formation position (intermediate
image) and the pupil position, the concave reflector widens the
field angle.

Even when the cconcave reflector is used, however, there
may be many optical surfaces between the pupil positicn and the
secondary image surface. In such case, the optical surfaces
must receive the light beam widened by the concave reflector.
These optical surfaces enlarge the optical system. For this
reason, the concave reflector needs to be placed to the side
of the secondary image surface. Accordingly, the projection
optical system according to the invention uses a first optical
system to once generate an intermediate image. The concave
reflector is subsequently placed to form the image as the
seceondary image surface. A concave reflecting mirror is
appropriately positioned so as to form the pupil immediately
after the concave reflector. In this manner, the concave
reflector is prevented from being enlarged.

Intheprojectionoptical systemaccordingtothe invention,

itispreferabletoconstruct the firstandsecondoptical systems
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invention is disposed under a screen that forms the secondary image
surface, a light beam close to the optical axis reaches the bottom of the
screen and a light beam distant from the optical axis reaches the top
thereof. That is, a light beam close to - 18 the optical axis causes a
nearby image formation position. A light beam distant from the optical

axis causes a far image formation position. In order to form an image on
the screen without curving the input signal, the system needs to be
configured so as to decrease the concave reflector's paraxial curvature in
aeore aved withsseparationtfromathevopricalkdts © Thabisaicimecessancal

to_provid are ion satisfying conic .constant FS- . It is especially
R le et KA Tors SEaBoloidbl S MAER T 20y o gompared

Ryperbelicsurvedl s dl)sitvis effective for the prajeciionfapticabsystem i s
according to the invention to use a rotationally symmetric and aspheric
SNtace A pariedrarotié MageStrfate evpvairatan e Frselyie surface

conirglied, This makes iLpossinle 1o decrease e numper of jensesand,,
reduce an F value (the number of apertures]f ~Yhe low-cost and

kighequality psojectian gpiicad systens can be: sealzed:akhe ratationally
symmetric and aspheric shape is defined by equation 1 as follows.

[EquatiofPEFZ @(W/rﬁ[ﬁilf(%-l(qukﬁﬁﬂd)}maﬁwss HEF IEBHSY Whepezd to
239 amaunt %éhge%smggéyggfes§s]t9em, it is possible to decrease

the number of components and further save the space and costs,
A concave or convex reflector can be placed before and after
the concave reflector so as to further improve the aberration
correction.

The first optical system is configured to form an
intermediate image toward the primary image surface rather than
toward the concave reflector of the second cptical system. In
this manner, 1t is possible to prevent the concave reflector
from being enlarged and form a large secondary image surface
that is appropriately corrected for aberration and exhibits
sufficient optical performance. When the first optical system
forms an intermediate image, particular attention needs to be
paid to a tendency to increase a distance between the primary
image surface and the intermediate image. Increasing this
distance alsc enlarges the optical system. It is necessary to
decrease the distance between the first coptical system and the
intermediate image. As a target, it is desirable to satisfy
conditional eguation (1) below:

(1) 8i/Ls < 2
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h: Vertical height against the optical axis r: Paraxial curvature radius K:
conic constant, and Ai: Aspheric coefficient of degree i. It may be effective
for the projection optical system according to the invention to use a
rotationally symmetric and aspheric surface containing an aspheric
coefficient of odd-numbered degree. In this case, equation 2 below

defines the shape of the rotationally symmetric and aspheric surface.
[Equation 2] Z = (h'/r){1-4-,/-(1-(1+K)h'/r")}+Al h+A2.h'+A3'h'+A4h4
+A5h5+A6h +A7h'+A8-h8-FA9h-4- As shown in equation 2 above, the
aberratith vf @Veh-hentbérdd degree Hceues duetd thettepmlofystem, and

adc-numbered. degree. Lo distance h from. e optical s, When fhere..,.
is" the term of h3, for exampfé,%ﬁe two-dimensional image durface
cuvatiegr=distortiagaperration occurs. When the concave reflector is

provided with an appropriate aspheric coefficient, the distortion aberration

can be ffiofé dpistoptiately Cohtrolt thah Gsifgthe aspteric Stifacen (1)
%%C%Edé%%é‘% qquatian %%?QY & Jhe prglegtion: Fgﬁ@é‘gﬁe‘éﬁp@/ primary

apparatus according to the invention includes a light source, modufation
means, andrs acprejectionoptcalsystent.cHie medulationcmeans ong. The
modulates and outputs the light radiated from the light source based on -
26 4 Ve s ST fﬁé‘?ﬁBﬁecgti%ﬁgc?pﬁéﬁ%y‘gfeﬁﬂ eilargesaRadprojecist 2ne

images. from the, primary,image surface.at the modulation means side to
the secondary image surface at the screen side. The projection optical
system irctuges fissttand sgoonckoptigal.em according to the invention
constructs a pupll between the concave reflector and the
secondary image surface to efficiently guide a light path. For
this purpose, conditional equation {(2Z) belowmust be satisfied:

{2) 512 > |R}/2

where |R|/2 is the focal distance of the concave surface,
and S12 is the distance between the last surface of the first
optical system and the concave reflector along the optical axis.

When the optical system has a reflector on the concave
reflector’s primary or secondary image surface, conditional
equation (3) below must be satisfied:

{3) SrR12 > iR|/2

where SR12 is the distance between the concave refliector
and the preceding or succeeding reflectoralong the optical axis.,

When the projection optical system according teo the
invention is disposed under a screen that forms the secondary
image surface, a light beam close to the optical axis reaches
the bottomof the screen and a light beamdistant fromthe optical

axis reaches the top thereof. That is, a iight beam close to
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systems. The first optical system forms an intermediate image of the
primary image surface. The second optical system has a concave

reflector that forms the secondary image surface composed of the
intermediate image. A light beam travels from the center of the primary
image surface to the center of the secondary image surface, and crosses
the optical axis of the first optical system. The light beam is further
reflected on the concave reflector, crosses the optical axis again, and
reaches the secondary image surface. The projection-type image display
appamius agtosding tes the inventianmpesdheprojection opticaksystem,
according to the invention to project an image formed by the modulation

rﬁ'é%]ﬁ*é_ Bf %ﬁ‘e%ﬁ?@é‘ﬁ%ﬁﬁé%@%ﬁoﬁﬂ%é a@éjcﬁsﬁliﬁ‘ﬁlsé’p%pa?aﬁjsr i.mag e
cording fo E&?s'{;%/%ﬂ?” aan 5‘9&89'34198%% OX‘APE?JH%Q”O% '@&Oéa%gsen

~ the bottom (or top) of the screen, but also display an enfarged image that
is appsapriatebrcorgected farrgharrationpn and exhibits gaifiicientepticake be
performance. Let us consider using a transmissive screen. The screen is

&PaTgEd Bt thé trért SPa‘CabiRet THE BabiidtanciieS i hghPsbarces a2
the modulation, means.and thg projgetion. .qptical system J g prajection;

optical system enlarges and projects images onto the transmissive
streenifrsomithel reare da sthis manner; dvisdeossiblestooconstructiy iear conic
projection - 21 television showing an external view similar to that of a flat

tERNASIBR ing alow-profife RERIICEStar SHel B PSPt Fdithapnepémate
suppose, that the prgiection-apticalsysten is providad.atthe; bottom,of the «

cabinet. On the top of the cabinet, there may be provided a plane mirror
that reflects light

Itiseffective fortheprojectionoptical systemaccording
to the invention to use a rotationally symmetric and aspheric
surface. In particular, Tthe image surface curvature can be
freelycontrollied. Thismakesitpossibletodecrease the number
of lenses and reduce an F value {the number of apertures}. The
low-cost and high-quality projection optical system can be
realized.

The rotationally symmetric and aspheric shape is defined
by equation 1 as follows.

[Equation 1]

Z= (h/e)/I1+4 -(0+K)h /)l + Ad-h*+ A6-h*+ A8 hi+ -+

where

Z: Sag amount of the aspheric surface
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output from the projection optical system and deflects the light so as to
reach the transmissive screen. In this manner, the projection-type image
display apparatus can be further slimmed. When the second optical
system forms a pupil for the intermediate image onto the secondary
image surface, the pupil maybe formed outside a light flux traveling from
the plane mirror to the transmissive screen surface. This increases the
freedom of directing the light path in the cabinet. In addition, it is possible
to provide a shielding unit having an aperture at the pupil position where
the light flux igemostcstbppedadown gbetvwerernthe secdnc: bptigaksystem
and the secondary image surface. This makes it easy to protect the
projectioh ‘oplicdi By5tem RgEHSt tust ahtSutside light. The light beam
travels frem the centerofthe primaryimage surface to the center of the
secondary image surface and crosses the optical axis within a vertical
plane. It Aiay bespreferablevoigrovide: reflectidaaneans that reflects the

light beamtbetwe%n th f1‘irst and sgcondhoptical S stgms and deflects thQC
light beafi Within Eh&riZSittat Pfane” Provisidi 6f e fetiectioh higans? = =™

makes. i pegsile-ta.dispase-the-optical axis of an-aptical Membeletric and

constructing the first optical system parallel to the screen surface. The
pesjrEttioh-typriinfage dispplay apparatusaccarsitig =122 toothefinveation of

can be further miniaturized alfmg?gw.e depth_direction, i.e., can be further
sfimmed. "ACcording to the projection-type image’ display apparatus “© "7

deseribeda JR-ANo..84546/2005 (see ki 166)c PlalesRier thisurface .

disposed so that outmost light p almost parallel reflects against screen o.
In additiohf prsjeetion Optical system r is

Z = (/) =00/ )+ AT hF A2 h+ A3 R+ Ad-h!
+A5:h*+ A6-h'+ A7 h’+ A8 h'+ A9 h'+ .-

As shown 1n eqguation 2 above, the aberration of
even-numbered degree occurs due tc the term of odd-numbered
degree, i.e., distance h from the optical axis. When there is
the term of h3, for example, the two-dimensicnal image surface
curvature or distorticn aberration occurs. When the concave
reflector is provided with an appropriate aspheric coefficient,
the disteortion aberration can be more appropriately contrelled
than using the aspheric surface according to egquation 1 above.

The proijection-fype image display apparatus according to
the invention includes a light source, modulation means, and
a projection optical system. The modulation means modulates

and cutputs the licht radiated from the light source based on
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disposed opposite plane mirror g (e. g. , at the bottom when plane mirror

g is positioned to the top) . In this manner, the depth is decreased
(slimmed) and the bottom (or top) of screen o is reduced. According to

the projection-type image display apparatus described in JP-A No.
84576/2005, however, plane mirror g is disposed so that the outmost light
beam almost parallel reflects against screen o. In addition, projection
optical system r is disposed opposite plane mirror g. In this manner, the
depth is slimmed and the bottom (or top) of the display is reduced. When
an atterapt isignage.to frithes slife the proj@etionstypemage displayes and
apparatus by keeping the bottom (or top) of the display small, it is .
n@E@§§§1’iﬁt@ﬂ§ﬁ@ﬁﬁygéﬂ%rb%@aﬂ%ﬁ@éibfﬁﬁﬂﬁoﬁ ightbaam’|s dgatist tLon

SEIeEN.0. he projegtion optical system as ShowlLin JB-ANOscreen side.
84576/2005 uses many curved-surface reflectors and therefore

debreasesg ¢he freedomicfdiendig:the nlightdeatht it depthsef-thed optical
projection optical system cannot be decreased. It is difficult to further slim

theY projBEtion” opticaf §fstethi Fhé projeCionIype itade dispigyate trage
apparafus aceprding; to, the invantian is provided with atleast one.plapg nas

reflector for - 23 directing the light path after reflected on the concave
reflectorcaWherethesplane refiector iscpositibred immetiately. before the face
screen, light beams are reflected from the plane reflector to the screen.

Of tHESE fight bedths! e Bifitiost fightB8am pasked thisiigh apo&ticn™ o™
mast distant frogs the, scraem, .6t us.assume. thatdhe outimostlight beamecne

forms angle 0 against the screen. The projection-type image display

agp@mﬂ@gazc@mﬁggt@qhéace, and crosses the optical axis of the
first optical system. The light beam is further reflected on
the concave reflector, crosses the optical axis agaln, and
reaches the secondary image surface.

The projection~type image display apparatus according to
the invention uses the projection optical system according to
the inventicn to proiect an image formed by the modulation means
on the screen., The projection-type image display apparatus
according to the invention can not only have a low profile and
miniaturize the bottom (or top) of the screen, but also display
anenlarged image that is appropriately corrected for aberration
and exhibits sufficient optical performance.

Let us consider using a transmissive screen. The screen
is arranged at the front of & cabinet. The cabinet includes
the light source, the modulation means, and the projection
optical system. The projection optical system enlarges and
projects images onto the transmissive screen from the rear. In

this manner, it is possible to construct a rear projection
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invention can be further slimmed by satisfying conditional equation (4) 0.6
> tanO > 0.05. The following describes embodiments and numeric value
examples of the projection optical system and the proj ecti on-type image
display apparatus according to the invention in further detail with

reference to the accompanying drawings and tables. (First embodiment)
FIG. 1 outlines the entire optical system of a projector (projection-type
image display apparatus) using the projection optical system according to
a first embodiment of the invention. FIG. 2 shows an enlarged view of the
projection optishbaystenarirethiecdingtamiitustrating ahetfirst eatbodimefit o &
P1.denotes an image display element as.the modulation means, Based

55 5 ideb SIghaT: e fmag chaplay Slemeht P mbttiates AR Gt - 2%
emitted frem gelight sewse (RRL-shovwiy e FrmpAheIiMa o hage 1 system
surface. The image display element P1 can represent a reflective or

traNSMISsive dotmatx kit crystl panet &b digital nikerotirrérgeviet he
DMDI} and.the like. In the diagram Prl denotes a polarizing, beam . .

Dindg ere ge ro fqlge a3 e T O Q & reglec%s ht
sffhtter (E’B k} a lf&%nsn{ aft fjl'ol% fnternal Reflector prism, andlth%
likes SEGR slenates rod4 -a diapbragma Whilethe projecion beedscan 11 ght
illumination optical system to illuminate the image display element PI, the
iflGnffafion Bptical shsters i omited YoM FIGS! 1, Zland Hie "othepr, the
%‘99“%@ ‘Sohol’%'? e first 8%%?&?%%&% %”sokeasn%%’%%%%%aé S a.
omposed of a fractlna optical efement. L12 denotes a second optica
system gomposed efaeoncaye reflecter Abkl The-peojectiomepticalr the
system is composed of the first optical system L11 and the second optical
intermediate image onto the secondary image surface, the pupil
may be formed outside a light flux traveling fromtheplanemirror
to the transmissive screen surface, This increases the freedom
of directing the light path in the cabinet. In addition, it
is possible to provide a shielding unit having an aperture at
the pupil position where the light f£lux 1s most stopped down
between the second optical systemand the secondary image surface.
This makes 1t easy to protect the projection optical system
against dust and outside light.

The 1light beam travels from the center of the primary image
surface to the center of the secondary image surface and crosses
the optical axis within a vertical plane. It may be preferable
toprovide reflection means that reflects the light beam between
the first and second optical systems and deflects the Light beam
within a horizontal plane. Provision of the refiection means
makes it possible todispose theoptical axisof anoptical member

constructing the first optical system parallel to the screen

surface. Theprolection-type imagedisplayapparatusaccording
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system L12 and guides the light (primary image surface)

image-modulated by the image display element P1 to the screen Si to

form an image (secondary image surface) on the screen Si. That is, the
first optical systemLil forms an intermediate image at position 1l in FIG. 2.
The image is then reflected on a concave reflector AM1 of the second
optical system L12 to form a pupil image that is then formed on the

screen Sl. As shown in FIG. 2, the respective optical surfaces of the
projection optical system are rotationally symmetric about an optical axis
AXIShe InFYen 2 arbrokertind inditatesam uptised zed thevefprehe depth
removed. part of the concavye reflector AM1 of the second optical system
EEGET SRos 4ot Tof Rt RS SRS 1 of appling speciic
numeric yalugsito, the Prajection-apiicad systepe. acegedingsiothe Sfslaratus

embodiment. In the following tables, surface numbers are provided in

ascepding 6rder Hiked, 993, 84 860 frofs tite Plimaryfmage stffagérror
(display.device).to the secondary i e.surface (projected image .,
S%%S é{)l csed someha% ougmc}/sg]?'gg?it a%é%&nPQ eq reflects

rface). No surface nhumber is given't e%iap ragm. "inthe

cavatise s2besadils row ingicates thapthe eerresponeing surfageds:flat. i
The refractive index and the Abbe number are applicable to the glass

\FSetPoF tHecpimmaky rdge SuRfdeerofitafnifly thetflab SORaEeaME 18 theane
§aune (348.1 bm). The Inch scigegggi%a(;% [he 3ize ofladiaggnal line .y,
contained’in thé prolectecflmage surface. "E" represents the base-10
expanentiad petatien sindicating.an asphesiccesefficientop 26cfTableskh o is
reduced.

According to the projection-type image display apparatus
described in JP-A No. 84576/2005, however, plane mirrcr g is
disposed so that the outmost light beamalmost parallel reflects
against screen o. In addition, projection optical system r is
disposed opposite plane mirror g. In this manner, the depth
is slimmed and the bottom {(or top} of the display is reduced.
When an attempt is made to further slimthe projecticon-type image
display apparatus by keeping the bottom (or top) of the display
small, it is necessary to slightly enlarge an angle of outmost
light beam p against screen o. The projection optical system
as shown in JP-A No. 84576/2005 uses many curved-surface
reflectors and therefore decreases the freedom of bending the
light path. The depth of the projection optical system cannot
be decreased., It is difficult to further slim the proiection
optical system.

The proiection-type image display apparatus according to

the invention is provided with at least one plane reflector for
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Screen diagonal: 52.7 inches Numeric aperture at the display element

side: 0.204 Surface number Curvature radius Interval Glass e refractive
ndex/AbbAbbe number) Display element INF 22.100 surface 1 INF

12.000 1.83962/42.8 2 INF 27.300 1.51872/64.0 3 INF 6.050 4 81.82639
6.359 1.48914/70.2 5-1254.73767 0.300 6 43.89754 11.831

1.48914/70.2 7 -198.97423 0.200 8 43.61635 2.303 1.83930/37.1 9
25.81806 12.032 1.48914/70.2 10 -131.45439 1.656 11 -61.19711 1.947
1.81184/33.0 12 30.63239 11.922 1.49845/81.2 13 -31.42185 0.200 14
BR45023:4.728 niamazﬂsa 0L 15:36e45838-8480 1185505/236r¢6lector.

8.84008 17 579 Diaph INF 47.218,17 43.97454 10.553
P55 TOOh T5105 13, 155 16 RO urid TEAUE E9bE PR 606" The

%é@@éﬁﬁﬁ-@gﬁﬂr@&&r@ﬁ@wﬂ 435 843250.30Q sUdaCLreflector to

the screen. Of these light beams, the cutmost light beam passes
through a position most distant from the screen. Let us assune
that the ocutmost light beam forms angle € against the screen.
The projection-type image display apparatus according to the
invention can be further slimmed by satisfyving conditional
egquation (4) 0.6 > tan® > 0.05.

The following descrikes embodiments and numeric value
examples of theprojectionoptical systemandtheprojection-type
image display apparatus according to the invention in further
detail with reference te the accompanying drawings and tables.

{First embodiment)

FIG. 1 cutiines the entire optical system of a projector
(projection-type image display apparatus) using the projection
optical systemaccording to a first embodiment of the invention.
FIG. 2 shows an enlarged view of the projection optical system.

In the diagram illustrating the first embodiment, Pl
denctes an image display element as the modulationmeans. Based
on a video signal, the image display element P1 modulates the
light emitted froma light scurce (not shown) to form the primary
image surface. The image display element Pl can represent a
reflective or transmissive dot-matrix liquid crystal panel, a
digitalmicromirrordevice {DMD), andthe like. 1Inthediagram,
PPl denotes a pelarizing beam splitter (PRS), a 4P prism, a TIR

(Total Internal Reflector) prism, and the like. STOP denotes
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21 32.78514 12.508 1.58913/61.3 22 44.75799 9.839 23 -56.04514 2.033
1.83930/37.1 24 43.91998 22.513 25 -49.88309 9.344 1.49357/57.8 26
Aspheric surface -40.64674 320.000 27 Aspheric -85.89587 -439.276
Reflector surface Projected image INF surface S19 K 2679.3838430 A4
-1.27105E-05 A6 1.10518E-08 A8 4.79662E-12 S20 K -65.0537440 A4
-1.04155E-05 A6 9.26604E-09 A8 F -5.80805E-12 S26 K -1.1618060 A4
-1.08919E-06 A6 -9.68945E-10 A8 6.42182E-13 K -2.6454840 S27 A4
-1.17532E-07 A6 6.31776E-12 A8 2.93186E-16 A10 8.80773E-21 Al2

-1 5507BEa25 A14 11181 77E1300- 2T LAt curdinig) 2o ridiherienalae e xahples

1, the imagce dispLIilX element P1 has an asp%%t

ratio of 16:9, contains
TO50560 Gxcte L Wi Bios 166 LTheRos ThePdige TheRay elamént Pie

is 1eniaiged 1 a%4inches ok prgjections ihe-aumesicapeastune, towardiathe
object is 0.204 (equivalent to F number 2.5) . The pixel size is
apprexintatetr2mee omielimnaga display element PEahd approximately

0'698 mgllqn?tehnef) %rse%r%%fsl;clgpgischa Ws?’y%égr%tc%r%gro%rgc{%rftg%e fracting
projection optica

optical element. L12 denotes a second optical system composed
of a concave reflector AM1. The projection optical system is
composed of the first optical system L11 and the second optical
system L12 and guides the light (primary image surface)
image-modulated by the image display element Pl to the screen
S1 to form an image {secondary image surface) on the screen S1.
That is, the first optical systemLll forms an intermediate image
atposition Il inFIG. 2. The image is thenreflectedonaconcave
reflecter AM1 of the second optical system L12 to form a pupil
image that is then formed on the screen S31. As shown in FIG.
2, the respective optical surfaces of the projection optical
system are rotationally symmetric about an optical axis AXISI.
InFIG. 2, abroken line indicates an unused and therefore removed
part of the concave reflector AM1 of the second optical system
L1lz.

Table 1 shows data for numeric value example 1 of applying
specific numeric wvalues to the projection optical system
according to the first embodiment. In the following tables,
surface numbers are provided in ascending oxder like i, 2, 3,
and so on from the primary image surface (display device) to
the secondary image surface (prolected image surface). No

surface number is given to the diaphragm. "INF" inthe curvature
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system according to numeric value example 1. FIG. 5 shows distortion.
Field angles (1) through (15) shown in the spot diagram are respectively
generated from positions (1) through (15) on the image display element

Pl shown in FIG. 3. Reference wavelengths are 656.28 nm, 620.0 nm,
546.07 nm, 460.0 nm, and 435.84 nm and are given weights 2, 2, 3, 2, 1,
respectively. The scale for FIG. 4 is twice as large as one pixel on the
screen S1. As shown in FIG. 4, the sufficient image formation capability
results. As shown in FIG. 5, no remarkable image distortion is found and
thedufficient capabiliey- resuits: T ¢ disposertherprojectioreopticalssyistem &t .
a cord‘ianfgrto numeric valuene&(am le 1 inside the cabinet Cf\Bl g&gh% é?e%’e

profection tiévidion: the projection optical’SyStem REEIERE b& Compa

by folding-the light path qn-plane,mirkgrs MM1 k. MM, @nchMM13:as £1at

shown in FIGS. 6 and 7. FIGS. 6 and 7 show constructions of elaborately
felding tive dight pathhisy elidpasing® ffe plame mirfdraviviES etieenthecates

Ppiection.optical system.and  the screep Sl.and the plane minors MMLL
and MM15 betweeri the firs optical sys Sm'LT1 and the fecojndcoptlca ¢
systemdal2. Ther - 28 lightdheam travelsdfrm the septeroafihe primarytion
image surface to the center of the secondary image surface and crosses
thedéptidal tkis WithirPAsverficalosiahe i this case, the plane mirrors
MM11 and MM12 reflect the light beam between the first optical system
and the concave reflector AM1 for the second optical system and deflect
the light beam within a horizontal plane. When the projection optical

system is disposed at the bottom of the cabinet, for example, the plane
mirror MM13 is disposed at the top of the cabinet CABL1, reflects the light

output
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from the projection optical system, and deflects the light so as to reach
the screen S1. FIG. 7 is a side view. As shown in FIG. 9, the plane mirror
MM13 is used to fold the light path so that the outmost light beam forms
angle 0 of approximately 8. 4 degrees against the screen. In this manner,
the apparatus thickness can be 200 mm or less and the display bottom
portion can be small. FIG. 8 partially enlarges the projection optical
system in FIGS. 6 and 7. The projection-type image display apparatus
according to the first embodiment is compacted by folding the light path
using therplahe rirrors MM11, MM12, and MM13. The invention is not
limited to the above mentioned method of folding the light path. For

m i Etw'e ay, be preferaple to dispose a@%ﬁ??ﬁﬁror in }he first optical

SyStetm LI L ruftner, anotner pranemirror—can be umpuacu between the
rgaqlaec (mlll’ n% MM13 and the 88!&8{% /€. ag%féector AM;QIThe seeen@-optieabctive
system | orms_a pupil AP a nnrtlnn wherp tRESRDAGURSer)
c[(”JF‘R}@FSU ré?gﬁe%at forms an mtermedaate image fozzheofirst optical system
ton the screen St —Thepupit /'-‘}ﬁ’ft is-formed Uu@_i&'ﬁ the iig"'i'!.fé'éésBHQB
the plane mirkor MM13 10 ithe eniife surtace ot the ggreen S1:\Whaernsihe
projectton optical system i$ dispos&d in this manressdt 1S possible to
provide a shielding hox PB hetw&e#r&Sfight flux diréeted from t48936<BAd
gpt|@a|Q\/cfnm L12.-to-the-pla n32r5ﬁ77r33r67 Vil an&_éq@nh flux-directe Fj from
he pi a},.:—: mirror M?v;i\],.'o; t; I:Eht-: e{ggf‘?&g%ﬁ far evuf tl‘llé:%gl?e‘ A-Sit ;u4?ﬁ ﬂﬁg
ﬁghrﬂtg(ﬁmd to the sgreen ot Passesthrough sus approxXiggistys7 1
minimum aperture 2581806 12.032 1.48914/70.2
10 -131.45439 1.656
11 -61.197 11 1.947 1.81184/33.0
12 30.62239 11.922 1.49845/81.2
13 -31.42185 0.200
14 -32.45023 1.725 1.81184/33.0
15 36.45838 8.480 1.85505/23.6
16 -58.84008 17.579
Diaphragm INF 47.218
17 43.97454 10.553 1.57125/55.8
18. -1804.72192 12.159
19 Aspheric 1403 57952 7.000 1.49357/57.8
surface
20 Aspheric 135.84325 0.300
sutface
21 32.78514 12.508 1.589013/61.3
22 44 75799 9.839
23 -56.04514 2.033 1.83930/37 1
24 43.91998 22.513
25 -48.88309 9.344 1.49357/57 .8
Aspheric
26 surface -40.64674 320.000
Aspheric
27 surface -85.89587 -439.276 Refiector
Projected image
surface INF
319 K | 2679.3838420

Ad | -1.27105E-05 | A6 | 1.10518E-08 | A8 | -4.79662E-12 |
K | -B5.0537440

S20 [ .04155E-05 | A6 | 9.26604E-09 | A8 | -5.80805E-12 |
so6 K -1.1618060
A4 | -1.08919E-06 | A6 | -9.68045E-10 | A8 | 6.42182E-13 |
K -2.6454840

S27 | A4 | -1.17532E-07 | A6 | 6.31776E-12 | A8 | -2.93186E-16 | A10 | 8.80773E-21 |
A12 | -1.55073E-25 | A14 | 1.18177E-30
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TOI. The shielding box PB1 can protect the projection optical system (i.e.,
the first optical systemLlIl and the second optical system L12)against dust
without blocking off the projected video light. Further, the shielding box
PB1 blocks off outside light entering into the cabinet from the screen S1.
For example, the shielding box PB1 can prevent the outside light from
being reflected on the concave reflector AM1 or the like of the second
optical system L12 to become stray light and degrade the contrast of the
video projected on the screen Si. (Second embodiment) FIG. 10 outlines
the entife-optidainsystenrehaprojeeton e(projeation-typd imageadisptaysplay
paratus) using the projection optical system accprdin%to a second

ONEIBBAHE FTRRGOA= FIE Of L6RWE AR G yb Al S tRE"e 1S

RrRiection optical system e, diagram: Musfating: frenseconthent P1 is
embodiment, P2 denotes an image display element as the modulation
frieans Bhded 56n & Videlessighal, thedinsafe aisplay ietefiert P aperture

t%owdc_iurlglteé'ls,nthO - 30t Iight grr}li_[?g%di é%%;%%%\ig&té} yo%rgeg(noérégggv@ -tg ')formrhe

aec fS n .
e primary image suriace element can represent

. @ reflective.or ranspissive dot-matrix liquid crystakpanek & igiakmigro: «
mirror device (DMD) , and the like. In the diagram, PP2 denotes a
Bélatizihg Beafk spittar (PBSY, 4P pridm L& TIRCFRStal fiternal Reflector)

prism, the, like. STOP dengt%s a dia hgagmc.ﬁNhile theé)trojgctor L eal
needs an i Unﬁng%gg%patics Osysté%gﬁ)alrﬁ)um?nate the f‘?ﬁ&gee d}spria?ptlca

element R24bed illuminationeptical system is:omitted from FIGS. 0, sHows
and the other diagrams showing the second embodiment. L21 denotes a

first BptieaPsysten Thnposedof Alrbfidetipgol (13) shown in the spot

diagram are respectively generated from positions (1) through
(15) on the image display element Pl shown in FIG. 3. Reference
wavelengths are 656.28 nm, ¢20.0 nm, 546.07 nm, 460.0 nm, and
435.84 nm and are given weights 2, 2, 3, 2, 1, respectively.
The scale for FIG. 4 is twice as large as one pixel con the screen
S1. AsshowninFIG. 4, thesufficient image Zormaticoncapability
results. As shown in FIG. 5, no remarkable image distortion
is found and the sufficient capability results.

To dispose the projection optical system according to
numeric value example 1 inside the cabinet CABl of the rear
projection television, the projection optical system needs to
be compacted by folding the light path on plane mirrors MMil,
MM12, and MM1i3 as shown in FIGS. € and 7. FIGS. € and 7 show
constructions of elaborately folding the 1ight pathby disposing
the plane mirror MM13 between the projection optical system and
the screen S1 and the plane mirrors MM1! and MM1Z between the

first optical system L1l and the second optical system L1l2. The
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optical element. L22 denotes a second optical system composed of a
concave reflector AM2. The projection optical system is composed of the
first optical system L21 and the second optical system L22 and guides
the light (primary image surface) image-modulated by the image display
element 22 to the screen S2 to form an image (secondary image surface) -
on the screen S2. That is, the first optical system L21 forms an
intermediate image at position Il in FIGS. 10 and 11. The image is then
reflected on a reflector AM2 of the second optical system L22 to form a
pupih imagethatisdhentformed: orv e screen tS2. AsisiiowninagGsdilface
the resf?ective optical surfaces of the iroljﬂection og%ical system are

I :

(Statibiaffy 8yfmatricafoiE & optiedl aXRTAXIS2 1 BI18T 115 B broken"e

ling indigatgs anunysed and theteforg removedrparhafthescancaye piane
reflector AM2 of the second optical system L22. Table 2 shows data for
rarepicsy Alielerampid 12 of apphyirigth 81l spetific aunteric valuddio figst

projection optical system_according to the second e diment, [Table 2
§8r%e%%a&iasg%%%(ﬁnéf@qn5ﬁéas N r%%eVi% gﬁe%?uer%tgtﬁi%%sgr%relié[rqn@ensteCJnd

side: 0204 purface pumhar Curvatyee radivs intervalGlass (8-ke i zontal
refractive index/Abbe number) Display element INF 22.100 surface 1
INF 12 .0081683962/42.81 24NF27 00 51816410 13 INF6080d at the

bottom of the cabinet, for example, the plane mirror MM13 is
disposedat the topof the cabinet CARL, reflects the 1ight ocutput
from the projection optical system, and deflects the light so
as to reach the screen S51.

FIG. 7 is a side view. Asshown inFIG. 9, theplanemirror
MM13 is used to fold the light path so that the outmest light
beam forms anglef of approximately 8. 4 degrees against the screen.
In this manner, the apparatus thickness can be Z00 mm or less
and the display bottom gportion can be small.

FIG. 8 partially enlarges the projection optical system
in FIGS. & and 7.

The projection-type image display apparatus according to
the first embodiment is compacted by folding the light pathusing
the plane mirrors MM11, MM12Z, and MM13. The invention 1s not
limited to the above-menticned method of fclding the light path.
For example, it may be preferable to dispcse a plane mirror in
the first optical system L11l. Further, another plane mirror
can be disposed between the plane mirror MMI3 and the concave
reflector AMI.

The second optical system L12 forms a pupil APl (i.e.,
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4 48.02646 12.579 1.48914/70.2 5-149.37820 0.300 6 470.90347 4.869
1.48914/70.2 7 -141.59099 2.024 8 51.42610 8.429 1.49845/81.2 9
-121.51292 1.377 10 -70.77524 2.158 1.81184/33.0 11 31.36886 12.970
1.49845/81.2 12 -34.28097 0.200 13 -34.24547 1.872 1.81184/33.0 14
39.69278 8.724 1.85505/23.6 15 -67.65941 22.810 Diaphragm INF

47.690 16 41.921 2 -11.966 1.48914/70.2 17 -287.76955 7.924 18
Aspheric 1611.33087 7.000 1.49357/57.8 surface 19 Aspheric 118.54047
0.300 surface 20 32.60197 14.000 1.48914/70.2 21 41.37986 10.096 22
-5040323°2. 0051 7 76029 /49.9123 GU04476 201707°24 <52 51382 40r0e0 an

]?ﬁg?géryS 8,23 Aas§he{§iac _éé'es g4gt325ﬁ%ogaiu§f%qge Zgﬁ;gh rifi\.% screen
surface -87.00193 547789 Reflector SFOJected u¥1ageni 200

51 The pupil AP1 is formed outside the light flux from the
plane mirror MM13 to the entire surface of the screen 51. When
the projection optical system is disposed in this manner, it
is possible to provide a shielding box PB between a light flux
directed from the second optical system L12 to the plane mirror
MM13 and a light flux directed from the plane mirrcr MM13 to
theentiresurface of the screen 351 so that the Light fluxdirected
tothe screen Sl passes through an approximatelyminimumaperture
TCl. The shielding box PB1 can protect the projection optical
system (i.e., the first optical system L1l and the second optical
systemLl2) against dust without blockingoff the projectedvideo
light. Further, the shielding box PBLl blocks off cutside light
entering into the cabinet from the screen S1. For example, the
shielding box PBl can prevent the outside light from being
reflected on the concave reflector AM1 or the like of the second
optical systemLlZ tobecome stray 1ight and degrade the contrast
of the videc projected on the screen Si.

(Second embodiment)

FIG. 10 outlines the entire optical system of a projector
(projection-type image display apparatus) using the projecticn
optical systemaccording toa second embodiment of the invention.
FIG. 11 shows an enlarged view of the proiection optical system.

In the diagram illustrating the second embodiment, P2
denotes an image display element as themodulationmeans. Based

on a video signal, the image display element P2 modulates the
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surface 32 S18 K -51177.61327 A4 -1.27130E-05 A6 9.95420E-09 A8
3.65754E-12 S19 K -69.92292 A4 -9.59429E-06 A6 7.57585E-09 A8
3.71822E-12 S25K -1.018512 A4 -8.25367E-07 A6 -1.07783E-09 A8
5.13364E-13 K -2.619353 S26 A4 -1.08108E-07 A6 5.56005E-12 A8 F
-2.48459E-16 A10 7.20728E- A12 -1.22716E-25 A14 9.07427E-31 The
image display element P2 has an aspect ratio of 16:9, contains

1920x1080 pixels, and sizes to 0.61 inches. The image display element

P2 is enlarged to 67.9 inches for projection. The numeric aperture toward
an objeetrist(.204 tequavalerittos dFunomber2.5hoThe pixébgize sz primary
approximately 7 m on the image display element P2 and approximately

G783 MiTbATNHE screeh $22Fic T 13howsa SPot tidgran ActordiRg B* °
nureedcvalue .example:2: F16, 4 4shows distortion Field.andles @Gine1, &

through (15) shown in the spot diagram are respectively generated from
pasiticrs. (1) throughyd5pen the inkéde displayetemént. P2IshdwndiRIGm,
12. Reference wavelengths are 656. 28. nm, 620, O nm, 546.07 nm,

460 'R 5hd ﬁéﬁ?éﬂrrgrﬁlélrﬁj FERivEA Weights 552/ 3,22 preomy a TIR

respegtively: The-scaledor HGy 13 s uice asdarge as; ane pixelonithestes
screen S2. As shown in FIG. 13, the sufficient image formation capability

resulep i showViniEEGE N4 g Jreprarkatsle dmageidistortion s foupstar: 1

e sulficent capebiiy resuls, To disRgge the prpission opia sygfem .
illumination optical system is omitted from FIGS. 10, 11, and
the other diagrams showing the szecond embodiment.

L2l denctes a first optical systemcomposedof a refracting
optical element. L22 denctes a second optical system composed
cf a concave reflector AM2. The proijection optical system is
composed of the first optical system L21 and the second optical
system L22 and guides the light (primary image surface)
image-modulated by the lmage display element PZ to the screen
52 to form an image {(secondary image surface) on the screen S2.
That is, the first optical system 121 forms an intermediate image
at position 1Y in FIGS. 10 and 11. The image is then reflected
on a reflector AM2 of the second optical system L22 to form a
pupil image that is then formed on the screen 32. As shown in
FIG. 11, the respective optical surfaces of the projection
optical systemare rotationally symmetric about an optical axis
AXIS2. In FIG. 11, a broken line indicatres an unused and
therefore removed part of the concave reflector AM2 of the second
optical system L22.

Table 2 shows data for numeric value example 2 of applyving
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numeric value example 2 inside the cabinet CAB2 of the rear projection
television, the projection optical system needs to be compacted by folding
the light path on plane mirrors MM21, - 33 MM22, and MM23 as shown
in FIGS. 15 and 16. FIGS. 15 and 16 show constructions of elaborately
folding the light path by disposing the plane mirror MM23 between the
projection optical system and the screen S2 and the plane mirrors MM21
and MM22 between the first optical system L21 and the second optical
system L22. FIG. 16 is a side view. As shown in FIG. 18, the plane mirror
MM23 9 uasedito:fold theslightspatte satirat thecdatmadstn lighttieam forms:en
angle 0 of approximately 9.8 degrees against the screen. In this manner,
e apParaiu E‘FhlEEﬁe§§88H°bee§§6 I BT less and the display bottom
portion Gan Pesmall. Angle 0 formed between the outmost light beam
and the screen preferably ranges between 2.9 and 31.0 degrees

ecraaraieagbrtal tan O ranglng between 0.05 &A¢ OBef-IG. 17 partially
pebjee Pyt ydem in FIE® 15 and 16.The

BbLIUH Ly Illldgb‘ Ulb[. Id apparalus 1CCOTUI”Q 10 [l’}lecﬁwgiﬂne refractive
G%Ifh‘féPﬁ"I compacted @W@Fﬂrﬁ&‘ﬂh’é light P¥thelusing theeplase number)
Migpseal, MM22, and MM23,A he inyention,,igqaot Jimited to the
abo%¢#aRntioned method.of folding-the light_path. Eor :xxamh!n it m%\,Lbe__.
nrr\fnwlhln tn dicnncn. no mh}' L?r H +l~1‘-\ Fir:i- Ja‘lQQQI o - 39’52"'4 8
P A\ A | IZIJI\’ v \.llJ'JUJ\' A IJI I.IIC IIIIIE FE. IIII.LII CTTITOU %Vléb&l D_yDLCII Of817.2/640
I pldlle IIIIIIUI th{z#;)b‘ UIprbeU Ug%@(ﬂl Ule pld”e miIrror
|V||\/|154and the concave TefleCtofsAbids Obvioushe, 4ie second 48914/70 2
embodiment dan also use|the staekitrg 0.300
6 470.90347 4,869 1.48914/70.2
7 -141.59099 2.024
8 51.42610 8.429 1.40845/81.2
9 -121.51202 1.377
10 -70.77524 2.158 1.81184/33.0
11 31.36886 12.970 1.49845/81.2
12 -34.28097 0.200
13 -34.24547 1.872 1.81184/33.0
14 30.69278 8,724 1.85505/23.6
15 , -67.65941 22.810
Diaphragm INF 47.690
16 41.92112 11,966 1.48914/70.2
17 . -287.76955 7.924
18 Aspheric 1611.33087 7.000 1.49367/57.8
surface
19 Aspheric 118.54047 0.300
surface
20 32.60197 14.000 1.48014/70.2
21 41.37986 10.096
22 -50.40323 2.005 1.77621/49.4
23 44.94476 20.707
24 -52.51332 10.000 1.409357/57.8
Aspheric
25 Su;?‘face -42.31242 325.000
26 Aspherlc -87.00193 -547.789 Reflector
Projected image INF 0.000
surface )
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means as described in the first embodiment. A pupil according to the
second optical systemL22 is positioned outside the outmost - 34 light
beam of a light flux traveling from the plane mirror MM23 to the screen
S2. There is no interference between the light flux traveling from the
projection optical system to the plane mirror MM23 and the light flux
traveling from the plane mirror MM23 to the screen S2. In addition, the
light flux is converged on the pupil. Table 3 lists corresponding values for
conditional equations (1) and (2) according to numeric value examples 1

%qg 2K 3550w EaMco~ IL OJLLILC MCCM O)O)Cumm E
NAGD (W1 BT 8P YSE| AR CH B @EDIC &0 LB.86754E-12 |

s19 |I-K -69.92792
A4 | -9.59429E-06 | AB | 7.57585E-09 | A8 | -3.71822E-12 |
oo5 | K -1.018512
A4 | -8.25367E-07 | A8 |-1.07783E-09 | A8 | 5.13364E-13 |
K -2.619353

S26 | A4 | -1.08108E-07 | A6 | 5.56005E-12 | A8 | -2.48459E-16 A0 | 7.20728E-21 |
A2 | -1.22716E-25 | A14 | 9.07427E-31

The image display element P2 has an aspect ratioc of 16:9,
contains 1920x1080 pixels, and sizes to 0.61 inches. The image
display element P2 is enlarged to 67.9 inches for proijection.
The numeric aperture toward an object is 0.204 (equivalent to
Fnumber 2.5). The pixel size is approximately 7 um on the image
display element P2 and approximately 0.783 mm ¢n the screen §2.

FIG. 13 shows a spot diagram according to numeric value
example 2. FIG. 14 shows distorticn. Field angles (1) through
(15) shown in the spot diagram are respectively generated from
positions (1) through (15) on the image display element P2 shown
inFIG. 12. Referencewavelengthsare656.28nm, 620.0nm, 546.07
nm, 460.0 nm, and 435.84 nm and are given weights 2, 2, 3, 2,
1, respectively. The scale for FIG. 13 is twice as large as
one pixel on the screen S2. As shown in FIG. 13, the sufficient
image formation capability results. As shown in FIG. 14, no
remarkable image distortion is found and the sufficient
capability results.

To dispose the projection optical system according to
numeric value example 2 inside the cabinet CABZ of the rear
projection television, the proiection optical system needs te

be compacted by folding the light path on plane mirrors MM21,
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MMZ22, and MMZ23 as shown in FIGS. 15 and 16. FIGS. 15 and 16
show constructions of elaborately folding the light path by
disposing the plane mirror MM23 between the projection optical
system and the screen 32 and the plane mirrors MM21 and MM22

betweenthefirstopticalsystemL2landthesecondopticalsystem

1.22.

F1G. 16 is a side view. As shown in FIG. 18, the plane
mirror MM23 is used to fold the light path so that the outmost
light beam forms angle 0 of approximately 9.8 degrees against
the screen.

In this manner, the apparatus thickness can be 250

mm or less and the display bottom portion can be small. Angle

@formedbetweentheoutmostlightbeamandthescreenpreferably

ranges between 2.9 and 31.0 degrees equivalent to tan 0§ ranging

between 0.05 and 0.6.

FIG. 17 partially enlarges the projection optical systen
in FIGS. 15 and 1%6.

The projection~type image display apparatus according to
the second embodiment is compacted by folding the light path

using the plane mirrors MM21, MM22, and MM23. The invention

isnot limited to the above-mentionedmethod of folding the 1ight

path. Forexample, itmaybepreferable todisposeaplanemirror

in the first optical system L21. Further, another plane mirror

can be disposed between the plane mirror MM23 and the concave

reflector AMZ.

Obviously, the second embodiment canalsousethe shielding

means as described in the first embodiment. A pupil according

tothe secondoptical systeml22 ispositionedoutside the outmost

_34_..



0o600n00,20. 41N C NOmO<OO0ito0ot 3(6O0O3>>NNOOO
INMt) O>SNOCOO_I-6UmV'NUMO)O'7TWN-CO (bae-NN
EO4EEO3m 3XZN aZmaO0O UUN .CNt3QISIna)Na>r
rm-ammmvinN HUMNNOJOIONNENOOON(D (UQEcoco
cCOCOVzmM HWEXMrNNOZNmMzNpm4141NN JJJ N_
MN~OY~_aM_)NU)co e Table 3 shows that both numeric value
examples 1 and 2

light beam of a light flux traveling from the plane mirror MM23
to the screen S2. There is no interference between the light
flux traveling from the projection optical system to the plane
mirror MM23 and the light flux traveling from the plane mirror
MMZ3 to the screen S2. In addition, the light flux is converged
on the pupil.

Table 3 lists corresponding values for conditional

egquations (1) and (2} according to numeric value examples 1 and

2.

- 35 -



SO5P1384W0C0

satisfy conditional equations (1) and (2). FIG. 19 shows intermediate
image positions for the first optical system L11 according to the
above-mentioned embodiment 1. In FIG. 19, Sil, Si2, and Si3 denote
distances between the first optical system L11 and intermediate image
positions corresponding to the lowest, meddle, and highest field angles
on the screen, respectively. The positions correspond to points (1), (7),
and (13) in FIG. 3. The distances are Sit z 185 mm, Si2 102 mm, and Si3

~ 38 mm/Lergth theffi toptlcal system:LHl is 210 mm and satisfies
conditional egeati . Bot xamples 1jand 2 satisfy
conditional e [ Z; (se bodjment) FIG. 20
outlines the e c:al gystem of a projector (projectiop-type image
display appar 'tgtre prpjection joptical system according to a third
embodim &atlc n . n enlarged view of the
projection opt @al &, In th diagram illustrating the third embodiment,
P3 deno displa adulation means. Based
on a vide pade display ele 3 modulates the light
emitted from glgt Lﬁfce( ot shown) rgn theiptimary image
surface. The imag& display répresent a reflective or
transmissive j@t rr%trik%iqui crystal panel, a2digital micro mirror device
(DMD) , and tre like. Ifethe efotes a|polafizing beam
splitter (RBS)|@a d %rcig ptis Hternal Reflector) prism, and
the like. STORZ 37 tlendtes g 1&(3‘\‘;‘}@£r(ﬂector needs an
|IIum|nat|orEor§IicaEsy‘ n to illuminate tljge rage eispiay element P3, the
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illumination optical system is omitted from FIGS. 20, 21, and the other
diagrams showing the third embodiment. L31 denotes a first optical
system composed of a refracting optical element. L32 denotes a second
optical system composed of reflectors R31 and R32. In this case, R31
denotes a convex reflector toward the primary image surface and R32
denotes a concave reflector AM1 in the order of a light beam path from
the ima%%fdis lay element P3. The projection optical system is composed

of the first Bptical $y/éterh' i1 ittt the SBeontoptical SyStHi 32%ng 219 2
sa SR> e Nght (uimarvImage syyface) Jmagermodulated by the image

isplay element P3 to the screen S3 to form an image (secondary image
surfage)ontbesscseen 93« Thatds athe fiish gptigalsysteim 4 Fbformsani rst
intermediate image at position Il in FIGS. 20 and 21. The image is then
opéfieriedy e eafledtbrs 3 ahtrR3R2ofthe sécore-ojstical systdnei3dgment
form a_pupil image that is then formed on the screen S3. As shown in

L F1&2 21 e tespédiive optivalBiittaces (TR Yrdjectiorr ot Systert the
£1 fL§ rofationally symmetric aout an opfigal.axis AXISE. 191G, Zh{z&itions

broken'line indicates an unused and therefore removed part Of the

coreflestars R3Land R82 of the secandnptical sysient LB2 stable< shawgies
data for numeric value example 3 of applying specific numeric values to

on thieepecjeetion opticaksysiem] siccoftitgrtoihe inirbambodimernddso points
gTabIe 4] F number F13.0 Inch size 73.1 3.1 L

(1), (7}, and (13) in FIG. 3. The distances are Sil = 185 mm,

SiZ2 = 102 mm, and Si3 = 38 mm. Length Ls of the first optical

system L1l is 210 mm and satisfies conditional eguation (1).

Bothnumeric value exanples 1 and 2 satisfy conditional egquation

{2) (see Table 3).

(Third embodiment)

FIG. 20 outlines the entire optical system of a projector
{(projection~type image display apparatus} using the projection
optical systemaccording to a third embodiment of the invention.
FIG. 21 shows an enlarged view of the projection optical system.

In the diagram illustrating the third embodiment, P3
denotes an image display element as the modulationmeans. Based
on a video signal, the image display element P3 modulates the
light emitted froma light source (not shown} to formthe primary
image surface. The image display element P3 can represent a
reflective or transmissive dot-matrix liguid crystal panel, a
digitalmicromirrordevice (DMD), andthe like. Inthediagram,

PP3 denotes a polarizing beam splitter (PBS), a dichroic prism,

a TIR {Total Internal Reflector) prism, and the like. STOP
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Curvature radius Interval Glass (e-line refractive index/Abbe number
Display element INF 1.400 surface 1 INF 20.700 2 INF 12.000
1.83962/42.8 3 INF 27.300 1.51872/64.0 4 INF 6.050 5 54.33486 12.294
1.49845/81.2 6 -89.63152 2.549 7 44.87269 9.194 1.49845/81.2 8
-106.88865 4.469 9 -49.15493 1.783 1.81184/33.0 10 34.57615 2.987 11
39.16911 10.719 1.49845/81.2 12 -32.74038 2.658 13 -33.88982 1.581
05.7.015 15 -1450.76818 5.146 1.85505/23.6

de]"%;184§§§0:5%_204415 Tle CIoL, umination

18-27 2802311550 Diaphiagm INF 26546 17 -30°01°528 1.

opéi%%%%%%@a&&&%@é%%g 266 18 ﬁ@é%‘%%ﬂé‘p&%&ﬁlei%@l@ 20 ne
-231.41988 12.849 21 -91.96442 2.563 1.81263/25.3 22 -566.88378

11 DuB00h23 43524481 16.036vE 62340/ 608124:62.01431 F'D06. 20, 21, and

the other diagrams showing the third embodiment.

L3l denotesa first optical systemcomposedofarefracting
optical element. L32 denotes a second ¢ptical system composed
of reflectors R31 and R32. In this case, R31 denotes a convex
reflector toward the primary image surface and R3Z denotes a
concave reflector AMI in the order of a light beam path from
the image display element P3. The projection opticai system
is coemposedof the first optical system 131 and the second optical
system L322 and guides the light (primary image surface)
image-modulated by the image display element P3 to the screen
S3 to form an image (secondary image surface) on the screen $3.
That is, the first optical system .31 forms an intermediate image
at position II in FIGS. 20 and 21. The image is then reflected
on reflectors R31 and R32 of the second coptical system L32 to
form a pupil image that is then formed on the screen 33. As
shown in FIG. 21, the respective optical surfaces of the
projection optical system are rotaticnally symmetric about an
optical axisAXIS3. InFIG. 21, abrokenline indicates anunused
and therefore remocved part of the reflectors R31 and R32 of the
second optical system L32.

Table 4 shows data for numeric value example 3 of applying
specific numeric values to the preojection cptical system

according to the third embodiment.
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25 -70.56814 6.851 1.80831/46.3 26 46.59361 14.827 27 -54.43436
12.414 1.81081/40.5 28 -47.66710 171,972 29 surface 1.01174E-05
-149.000 Reflector (first mirror) 30 surface 67.52094 485.861 Reflector
(second mirror) Projected image INIF surface Aspheric coefficient for
surface 29 K -28531.19104 A4 -0.337498E-08 A6 0.665793E-11 AS
-0.831931E-15 A10 0.510008E-19 A12 0.158764E-23 A14 0.200226E-28
Aspheric coefficient for surface 30 K -2.694135 A4 0.170688E-06 A6
-0.116784E-10 A8 0.647442E-15 A10 -0.199351E-19 A12 0.298396E-24
Al4 -0.87%&36 ]39 According to numeric value example 3, the image
IBRIA Nent PEA T aspect ratio of 16: 9, contains 1920xI080
_The image display element P3 is

nlarged-to-73:1-inches-for-projection-The F-number.is.3,. The_pixel size

J T~ > .
is approximately 7 .tm on the Pragedispiay element P3 and o o0 rrf:f;é':)e
appsoximatety |0.845 mm on the sgreen 23. FIG. 231%'86"’\’3 a Spot diagram
forth&¥A%iection-optical -system according to numeric value example 3
F.A oY a1 I i et ek Cialel I,NE..- (1N theay f.thﬂ?@Q chbhawn in-tho cnnt

'S, 4425I|UWD UIStuTrtaorrTrerd al lwl_go (L)t ||uug||1mé STHOVVTT "1'.339%2?42%‘
3 INF 27.300 1 1.51872/64.0
4 INF 6.050
5 54.33486 12.004 1.49845/81.2
6 -89.63152 2.549
7 44.87260 9164 1.49845/81.2
8 -106.88865 4.469
9 -40,15493 1.783 1.81184/33.0
10 34.57615 2.087
11 39.16911 10.719 1.49845/81.2
12 -32.74038 2.658
13 -33.88982 1.581 1.81184/33.0
14 -204.17705 7.015
15 -1450.76818 5,146 1.85505/23.6
16 -47 28023 11.550
Diaphragm - INF 26.546
47 -30.01628 1.800 1.83062/42.8
18 -40.25509 27.966
19 45.38086 14,808 1.59142/61.0
20 -231.41988 12.849
21 -91.96442 2 563 1,81263i25.3
22 -566.88378 0.300
23 41.52448 - 10.030 1,67340/46.9
24 62.01431 9.000
25 -70.56814 6.851 1.80831/46.3
26 46.59361 14.827
27 -54 43436 12.414 1.81081/40.5
28 -47 66710 171,972
29 /Spheric 1.01174E-05 -148.000 |  Reflector (first mirror)
30 ephenc 67.52004 485861 | Refiector (second mirror)
Projected image
surface INF
Aspheric coefficient for
surface 29
K -28531.19104
Ad -0.337408E-08 | A 0.665793B-11 | A8 -0.831931E-15 | A10 0.510008E-19
A2 -0.168764E-23 | A14 0.200226F-28
Aspheric coefficient for
surface 30
K -2.694135 !
Ad 0.170688E-06 | A6 -0.116784E-10 | A8 0.647442E-15 | A10 -0.199351E-19 |
Al12 0.298396E-24 | A14 -0.873758E-30

34



diagram are respectively generated from positions (1) through (15) on the
image display element P3 shown in FIG. 22. Reference wavelengths are
656.28 nm, 620.0 nm, 587.56 nm, 546.07 nm, 460.0 am, and 435.84 nm.
The scale for FIG. 23 is twice as large as one pixel on the screen S3. As
shown in FIG. 23, the sufficient image formation capability results. As
shown in FIG. 24, no remarkable image distortion is found and the
sufficient capability results. To dispose the projection optical system

accordir}‘%to rgymeric value exama[ﬁg inside thfe(:%biqé% of the rea

projection TRIevisian: thé projection optical Systerm néeds to be compacted”

Ry fqldingdbe light-path op-plare mirars.MM3d-and MM32 @sishavi «i81 s,
FIGS. 25 and 26. FIGS. 25 and 26 show constructions of elaborately

folding the fighPp&thtBy dispsing tié plaleadiirell MIVIB? FetReenth83 is
projection tic,a% stem and.the screen S3_and the plane mirror 3
er%ﬁer&eﬁ]qg) i % in heSdg?an%ﬁOj ecttjhon . ’W’l& %lpﬂlég? SMM ]The

be st optical syst andthe secon gfsflem L32.

Fhedight beam dravels from athe centerobthe-pdmary doagessurface tethe
center of the 40 secondary image surface and crosses the optical axis
WRhiFE VemiEarpmmes i this thsemthe pldiemitse MM3E reflects the

ight begrm hetwees, Ine fistoplicalsysiem and thg concave [eflsclorior. .
the secon (')pticafsystem a eflects the light bea within a horizonta
planeeMVhen: thei projectom optical: systers iz disposedxat therlottam ehows
the cabinet, for example, the plane mirror MM32 is disposed at the top of

thescaBine L refldcts tHe ARyht BRitgdt froRTtiedbrojdctior’ Bptidar sy téf, spot
and deflects the IghL 50 as.tp, reach, s serean, 23, FlG: 20RaAIN b ougn
enlarges the projection optical system

{15} on the image display element P3 shown in FIG., 22. Reference
wavelengths are 656.28 nm, 620.0 nm, 587.56 nm, 546.07 nm, 460.0
nm, and 435.84 nm. The scale for FIG. 23 is twice as large as
one pixel on the screen S3. As shown in FIG. 23, the sufficient
image formation capability results. As shown in FIG. 24, no
remarkable image distortion is found and the sufficient
capabllity resuits.

To dispose the projection optical system according to
numeric value example 3 inside the cabinet of the rear projection
television, the projection optical system needs to be compacted
by folding the 1ight path on plane mirrors MM31 and MM32 as shown
in FIGS. 25 and 26. FIGS. 25 and 26 show constructions of
elaborately folding the light path by disposing the plane mirror
MM3Z between the projection optical system and the screen 33
and the plane mirror MM31 between the first optical system L31
and the second optical system L3Z. The light beam travels from

the center of the primary image surface tc the center of the
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in FIGS. 25 and 26. The projection-type image display apparatus
according to the third embodiment is compacted by folding the light path
using the plane mirrors MM31 and MM32. The invention is not limited to
the above-mentioned method of folding the light path. For example, it
may be preferable to dispose a plane mirror in the first optical system
L31. Further, another plane mirror may be disposed between the plane
mirror MM32 and the concave reflector R32. FIG. 26 is a side view. In this

manner, the plane mirrors M31 and M32 fold the light path. When the
SCEEM €289 78 ¢ SirftHesWWRh A sh St FaEi6 Of 16 L Bipparat A thickiiddsin 2

(denth) Dx gefined foranly;the optical systep hecomes smallgsthan or .

equal to 250 mm. When dimension Hx is assumed to be a]fwelght
bétweehdhe sereerboitoan aridethie tewest paraof thesseeoaddptieakboncave
system L32, Hx becomes smaller than or equal to 50 mm. The displa

y
bofoMporiontahbeMate SHhANICRTHRRF, WES ot d ik f6Ifoveings 4 8sld aht
result:of.examiningithe apparaius thicknesgand the dimension igglﬂ;]@ptical

display bottom portion with respect to various screen sizes. When the
sereeresizesrahigasoffem 46 tohE3 inchesnwith aspectirdtie of 169, theample,
a@Rarat s thickness defined for only the optical system can become

smaTler tRAR oF equal 57250 mn & THPRER(HE betBehtReSereBh stiomet -
and thedewest part ghthe, sgeond-opficalsysiem L32;can besmallecthan.

or equal to 50 mm. An actual apparatus may include this optical system
anddnids/Be provided witlyhiechramicalipants: sath Bisea mirreranda

cabinet. uch.case, the aratus can realize actual outside
dimensio%%%hc?tﬁl%%rt%%atﬁ%gﬁg%f 67 300 HAF a1 1e8E ahg i@ t+cal system

in FIGS. 25 and 26.

The projection-type image display apparatus according to
the third embodiment is compacted by folding the light path using
the plane mirrors MM31 and MM32. The invention is not limited
te the above-mentioned method of folding the light path. For
example, it may be preferable to dispose a plane mirror in the
first optical system L31. Further, another plane mirror may
be disposed between the plané mirror MM32 and the concave
reflector R32.

FIG. 26 1s a side view. In this manner, the plane mirrors
M31 and M32 fold the light path. When the screen size is 73.1
inches with aspect ratio of 16:9, apparatus thickness (depth)
Dz defined for only the optical system becomes smaller than or
equal te 250 mm. When dimension Hx is assumed to be a height
betweenthe screenbottomandthe lowest part of the secondoptical
systemlL3Z, Hxbecomes smaller thanorequal to50mm. Thedisplay

bottomportioncanbemade small. Further, we foundthe following
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display bottom portion (the height between the screen bottom and the
lowest part of the projection optical system) of 100 mm or less. The
second optical system L32 f orms a pupil (i.e., aportion where the light
flux is converged) that forms an intermediate image for the first optical
system L31 on the screen S3. The pupil is formed outside the light flux
from the plane mirror M32 to the entire plane of the screen S3. When the
projection optical system is disposed in this manner, it is possible to
provide a slhtieolgin% memper (not shown, see FIG. 7) such as a shielding

Box befvean iGREFaR R Eted HEm tRE e &8nd Stican 8yst8meE 3agps ton
the plarenisrarV32and.a Imglﬂéﬂi@gﬁdrg%g%e plang mimQL M32 . .

to the entire surface of the screen S3. The shielding member is provided
Wil an approximztelys priafnuat ight ransmidsion dgertord thataltowss with
tgg li Q%fl}yxcgirecge 6tg)gthetgcreen S3 té) pas%throu h. 'I;ihe shielding
Member 42 canprotect the projectidnbpticar sySten {7 es the'¥ist “Spticar-Y

systespl3L ands tha-secend epticalsystemila32)-against duskWithoutso .
blocking off the projected video light. Further, the shielding member

bibeks viRbiitsiaéfight erterimgrinto the teabiretdrofetieserden 83; Fdrthe

example, the shieldin mem# r, can prevent tf}r outside light from bein
rgﬁ{elgt%e% gﬁ%tﬁé:ag%)n%g\s/tée% §'c%of: 3?“&%’3 likE O %fﬁer s%g%ﬁdoorptf%c%lfaé%/sfem%

tarbecomes stray light sne-degrade the-conirast:ofthesddee projpsted On:ng
the screen S3. The above-mentioned shield effect of the shielding
Mémbet carPBeiso ‘abpliedas e fouith eprbodintarth Asinilarieffect cand a

RERRlT o RISEonYRS Mmads SInIR APRRTRLISR I RIOIRH N e
dimensicns including the thickness of 300 mm or less and the
display bottom portion (the height between the screen bottom
and the lowest part of the projection optical system) of 100
mm or less.

The secendoptical systemL32 forms apupil (i.e., aportion
where the light flux is converged) that forms an intermediate
image for the first optical system L31 on the screen $3. The
pupil is formed outside the light flux from the plane mirror
M32 to the entire plane of the screen 33. When the projection
optical system is disposed in this manner, it is possible to
provide a shielding member (not shown, see ¥IG. 7) such as a
shielding box between a light flux directed from the second
optical systemL32totheplanemirrorM32andalight fluxdirected
from the plane mirror M32 to the entire surface of the screen
53. The shielding member is provided with an approximately
minimum light transmission aperture that allows the light flux

directed to the screen 83 to pass through. The shielding member
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fifth to ninth embodiments. (Fourth embodiment) FIG. 28 outlines the

entire optical system of a projector (projection-type image display
apparatus) using the projection optical system according to a fourth
embodiment of the invention. FIG. 29 shows an enlarged view of the
projection optical system. In the diagram illustrating the fourth

embodiment, P4 denotes an image display element. A primary image
surface is formed on the image display element P4. The image display
element P4 can represent a digital micro mirror device (DMD). STOP
denotas a'diaphragm PAthilethé profeetdroréedsyan diuniination dpticairst

system to illumjnate the image display element.P4, the illumination optical
I 1S GHITER o FIGS, B 55 Rt (o diFet didgrais SHowgtha™"

fourth embedimeant k41 denntes.a first-gpticalsysten: sompesed of @ ther,
refracting 43 optical element. L42 denotes a second optical system

cohtpobed Lofrefloctors RAT ankRA2E Thé proiectichoptichf systerhtiso the
composed of the first optical system .41 and the second optical .system
R P e e B e
irnage display element PAito thgiserees, B4 1a Jorarandmage(sacondanave
image surface). on, the screen S4. The first optical system L41 forms an

irtefrhedizte iffagerat Jpasition |HhcFrSSoRg ot 298 Thé ifage isthepcone

reflected, on.efledior Bl and RA2do forma pupilimagg thal s then. . o,
formed on the screen S4. As shown in . 29, the respective™ optical

suHfaces-ekthe prejection @pticalsysiem dren ketationallyssysimetitc aloutne
an optical axis AXIS4. In FIG. 29, a broken line indicates an unused and
t@é%%wg@%rpan be also applied to a fourth embodiment.

Asimilar effect canbe applied toprojection-type image display
apparatuses using projection optical systems according to the
fifth to ninth embodiments.

{Fourth embodiment)

FIG. 28 outlines the entire optical system of a projector
(projection-type image display apparatus) using the projection
cptical systemaccording toa fourth embodiment of the inventicn.
FIG. 29 shows an enlarged view of the projection optical system.

In the diagram illustrating the fourth embediment, P4
denotes an image display element. A primary image surface is
formedonthe image displayelement P4. Theimagedisplayelement
P4 can represent a digital micro mirror device (DMD). STOP
denotes a diaphragm. While the projector needs an illumination
optical system to iliuminate the image display element P4, the
illumination optical system is omitted from FIGS. 28, 29, and
the other diagrams showing the fourth embodiment.

L4l denctes a firstoptical systemcomposedofarefracting
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of the reflectors R41 and R42 of the second optical system L42. Table 5
shows data for numeric value example 4 of applying specific numeric
values to the projection optical system according to the fourth

embodiment. 44 [Table 5] F number F/3.0 Inch size 50" Curvature radius
Interval Glass (e-line refractive index/Abbe number Display element
surface INF 54 Diaphragm INF 2.000 1 -52.65808 5.807 1.67000/47.97 2
-23.18766 0.937 3 -20.50806 3.000 1.63003/35.48 4 -36.35509 0.100 5
60.64965 8.053 1.49845/81.20 6 -33.07412 0.100 7 -58.53481 3.000
191975151°85 78 11 :88391 GIUY°G A5 5E7S $PF 1°P6167 7B TP osed

5619286 0.576.11:69 668488817 149845 313891&% H5r42241 h3i s
-26.48920 12.000 1.52033/58.69 14 -87.21177 26.181 15 46.3371
14241 62 286166 10 116--89 113645 @}50@31’& L.41 and the second optical
system L42 and guides the light (primary image surface)
image-modulated by the image display element P4 to the screen
S4 to form an image (secondary image surface}. on the screen 54.
The first coptical system L41 forms an intermediate image at
position II in FIGS. 28 and 29. The image is then reflected
on reflectors R41 and R42 to form a pupil image that is then
formed on the screen S54. BAs shown in FIG. 29, the respective
optical surfaces of <the proljection optical system are
rotationally symmetric about an optical axis AXIS4. In PIG.
29, abroken line indicates an unused and therefore removed part
of the reflectors R41 and R42 of the second optical system L42Z.
Table 5 shews data for numeric value example 4 of applying
specific numeric wvalues to the projection optical system

according to the fourth embodiment.
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17 -84.27186 8.911 1.67764131.92 18 185.40020 4.858 19 -81.21411
5.232 1.69416/30.92 20 58.72757 5.160 21 92.26113 13.991
1.76167/27.31 22 -51.22638 0.100 23 -60.90220 3.000 1.52033/58.69 24
47.28213 183.365 25 Aspheric 100.00000 -140.000 Reflector (first mirror)
surface 26 Aspheric surface 69.81598 368.158 Reflector (second mirror)
Projected image INF surface Aspheric coefficient for surface 25 K
-3.53735e+006 A4 -2.02633e-009 A6 1.58657e-012 A8 -8.56678e-017
A10 1.46304e-021 Aspheric coefficient for surface 26 K -2.34164e+000

A4 1.0799082067 N6 -3.97824e-012 A8 1 26325e-016 A10
FEL4881e-021-45: PMbBisused as the image display element P4 that
hiagh aineaspect ratigpof 16:9, contains 1280x768 pixels, and sizes to 0.7
inches. The image display element P4 is enlarged. to 50_inches far
projection on the screen S4. Tetaraenbel is 3nithe pixel SJZEX} gﬁ:;ﬁ?:;;’;e
apxiBaiely 12 pm on thie |mag&”g|splay element _PZ and approximately
86 srifecain the screen. A diaphragm STOP _is providedibetween the
maB e lay-elementP4-and-thel - 2.000
I HIOPTE -52.65808 5.807 1.67000/47.97
2 -23.18766 0.937
3 -20.50806 3.000 1.63003/35.48
4 -36.35509 0.100
5 60.64965 8.053 1.49845/81.20
6 -33.07412 0.100
7 -58.53481 3.000 1.51978/51.85
8 41.88391 0.249
9 45 54872 3.341 1.76167/27.31
10 52.75286 0.576
11 69.66878 8.817 1.49845/81.20
12 -32.45341 1.122
13 -26.48920 12.000 1.52033/58.69
14 8721177 26.181
15 46.33716 14.214 1.62286/60.10
16 -89.13615 0.500
17 -84.27186 8.1 1.67764/31.92
18 185.40020 4.858
19 -81.21411 5232 1.69416/30.92
20 58.72757 5160
21 92.26113 13.991 1.76167/27.31
22 -51.22638 0.100
23 -60.90220 3.000 1.52033/58.69
24 47.28213 183.365
25 ;;i?‘flilc 100.00000 -140.000 Reflector (first mirror}
26 Asphertc 69.81508 368.158 Reflector (second mirror)
Projected image
surface INF
Aspheric coefficient for
surface 25
-3.53735¢+006
-2.02633¢-008 | AB  1.58657e-012 | A8 -8.56678e-017 | A10 1.46304e-021
Aspheric coefficient for
surface 26
-2.34164e+000
1.07990e-007 | A6 -3.97824e-012 | A8 1.26325¢-016 | A10 -1.14881e-021
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projection optical system. ON light is reflected on the image display
element P4, passes through the diaphragm STOP and the projection
optical system, and then reaches the screen S4. The diaphragm STOP
interrupts OFF light. The ON light passes through the diaphragm STOP
and enters the refracting optical system L41 to form an intermediate
image at the position Il in FIGS. 28 and 10. The ON light is then reflected

on the ctaors R41. and R42 to form a pupil image-on the screen. FIG.
31 Shonsd Sgor aGh s of e PHORE SRUET Gotin decoiamto P

an BWPeHe value.exampledd. £I1G. 32shows disiorliopsFeld anglesd) sizes
through (15) shown in the spot diagram are respectively generated from
to Poditibnsi{Eethrolighe (1% on thesimage displayrelerventP4 shewndn RIG.50
. 30. Reference wavelengths are 656.28 nm, 620.0 nm, 587.56 nm, 546.07
1nGhRS 46070PRM] BRE 435.8% fnt THe 6@l F6r FIG NS1E Wb Aslidrge asT e
o) egixel on the screen. As shown.in FIG. 31, the sufficient i
o145

: age
31167 GBI FESUER: Ao S 1 , HO= Feat RAUIE Tnfa@™emt
p4 distortion isfoupd:andthe suffigient capabilily results. To dispese i, sTop
projection optical system according to 46 numeric value example 4 inside
is tpe cabinetiofithe vearprajpetiohmiglevisias the projéctioaraptiedl systemche
needs to be compacted by folding the light path on plane mirrors M4l and

ProV2s asBh&wt if FIGY Hand 34 FIEE: B3 &nd Bl §iovi EopRtrifiondade
. _of, elaborately folding the light path by disposing.the plane mi M42
o R et SUTRAT OB A e A S Qi feEpiind e

Sys d the'scree e plane

prdfiEar Malhetween thedirstoptical sysiem-b4land the second:pptical The

system L42. FIG. 34 is a side view. Since
diaphragm STOP interruptsOFF light. TheCN light passesthrough
the diaphragm STOP and enters the refracting optical system L4l
to form an intermediate image at the position II in FIGS. 28
and 10. The ON light is then reflected on the reflectors R41
and R4Z to form a pupil image on the screen.

FIG. 31 shows a spot diagram for the proijection optical
system according to numeric value example 4. FIG. 32 shows
distortion. Field angles (1) through {(15) shown in the spot
diagram are respectively generated from positions (1} through
(15) on the image display element P4 shown in FIG. 30. Reference
wavelengths are 656.28 nm, 620.0 nm, 587.56 nm, 546.07 nm, 460.0
nm, and 435.84 nm. The scale for FIG. 31 is twice as large as
one pixel on the screen. As shown in FIG. 31, the sufficient
image formation capability results. As shown in FIG. 32, no
remarkable image distortion is found and the sufficient

capability results.

To dispose the projection optical system according to
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the plane mirrors M41 and M42 are used to fold the light path in this
manner, the apparatus thickness can be 250 mm or less and the display
bottom portion can be small. FIG. 35 partially enlarges the projection
optical system in FIGS. 33 and 34. The projection-type image display
apparatus according to the fourth embodiment is compacted by folding
the light path using the plane mirrors M41 and M42. The invention is not
limited to the above-mentioned method of folding the light path. For

example, it may be preferable to dispose lane mirror in the first optical
S T R e A e B O b Bt on

planewmisiimV42 ang- the-eencavegeflestos R42e(kithembogdinenty ElG e o
36 outlines the entire optical system of a projector (projection-type image
Higplay- apparatis)using thetprojecadbareplicarsysteit heawtdig to s fifthvn
embgadjment.aof the jnventio G. 37 shows.an enlarged view of the
o ol ot InhG Gingrart M aies e i Sbom aaR,°°

RS adenatesigniniagedisplay elernent - The/image-displayelement: R3rror
forms the primary image surface. The image display element 47 P5 can
répteRRht aveflfdetiver@oratatfix IRfhid ciystay pamel2 ididitabmicdrmifrornd

device( Dr)lﬁ‘g trml'k .Intge diaﬁgéa@q, PP5 d%notelsa Iarizm 0
bea@mgsp flt\téer (lPBS)r, a dilcﬁl%:lg p?lnsrﬁ, a TfFE:?Toct)fl Iﬁf:earnaﬂgs(e%?l%%tor% and
prisms andrifieclike. STOR, denotesza diaphragm. Whiledheprojeetor since
needs an illumination optical system to illuminate the image display

SBfMeNrPs, the Ifiinttiof BpttaFsystent i nfitedHombrRe ST 88 Tamd th
31 kel depates a first oplical system compased.of a fefracling gptical; . o
element. L52 denotes a second optical system composed

and the display bottom portion can be small. FIG. 35 partially
enlarges the projection optical system in FIGS. 33 and 34. The
projection-type image display apparatus according to the fourth
embodiment is compacted by folding the light pathusing the plans
mirrors M4l and M42. The invention is not limited te the
above-menticned method of folding the light path. For example,
itmaybepreferable tcdisposeaplanemirrorinthe first optical
system L41. Further, another plane mirror can be dispcsed
between the plane mirror M4Z and the concave reflector R4Z.

{F'ifth embodiment)

FIG. 36 outlines the entire optical system of a projector
{(projection~type image display apparatus) using the projection
optical systemaccording to a fifth embodiment of the invention.
FIG. 37 shows an enlarged view of the projection optical system.

In the diagram illustrating the fifth embodiment, P5
denotes an image display element. The image display element

P5 forms the primary image surface. The image display element
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of reflectors R51 and R52. The projection optical system is composed of
the first optical system L51 and the second optical system L52 and
guides the light (primary image surface) image-modulated by the image
display element P5 to the screen S5 to form an image (secondary image
surface) on the screen S5. The first optical system L5l forms an
intermediate image at position Il in FIGS. 36 and 37. The image is then
reflected on reflectors R51 and R52 to form a pupil image that is then

fyned.op tg&sscéﬁ%“a.sée As.shawn in F1G, 37, the respective, optical .,
surfaces of the projection optical system are rotationd y symr¥uetr|c out

an dpjicek axis AR5 r o E IR v Bée g brokeralinedndicates. anunused asngh-zm,
therefore removed part of the reflectors R51 and R52 of the second

optical $ytém P2 Table EshBRATHER fdrriimetiSvallie Siaisié Bt st

ing ific ic. val t rojection optical tem . .,
eoing 1 the T CroboRrhont I8 [TEbIE 6] ihhiier /5.0 Theh sisd02

558ivCurvatuie padiagrintewial Gdass«edingaefractives index/Abbeninat ion
number) Display element INF 1.400 surface 1 INF 20.700 2 INF 12.000

199396214 285 5INF- 2 7. 3001 15872189074 IR F6 UBEPS 50.61835 F5/ the
121%%%%@83&i0a1 system is omitted from FIGS. 36 and 37.

L51denotes afirstoptical systemcomposedcof a refracting
optical element. L52 denotes a second optical system composed
of reflectors R51 and R52. The projection optical system is
composed of the first optical system L51 and the second optical
systefn L52 and guides the light {primary image surface)
image-modulated by the image display slement P5 to the screen
S5 te form an image {secondary image surface) on the screen S5.
The first optical system L51 forms an intermediate image at
position II in FIGS. 36 and 37. The image is then reflected
on reflectors R51 and R52 to form a pupil image that is then
formed on the screen S5. As shown in FIG. 37, the respective
optical surfaces of the projection optical system are
rotationally symmetric about an optical axis BAXIS5. 1In FIG.
37, abroken line indicates an unused and therefore removed part
of the reflectors R51 and R52 of the second optical system L52.

Table 6 shows data for numeric value example 5 of applying
specific numeric values to the projection optical system

according to the fifth embodiment.
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6 -102.48537 3.027 7 69.66588 8.000 1.49845/81.2 8 -102.39250 4.516 9
-49.22953 1.810 1.81184/33.0 10 57.85879 1.068 11 36.59180 10.025
1.49845/81.2 12 -44.14826 5.030 13 -3510091 1.510 1.81184/33.0 14
-109.43158 10.879 15 125.64456 4.259 1.85505/23.6 16 -92.16590 6.182
Diaphragm INF 17.304 17 -25.90402 1.800 1.83962/42.8 18 -35.06784
43.616 19 Aspheric surface 59.62194 5.000 1.51131/56.4 20 Aspheric
surface 61.51696 1.000 21 51.89543 15.200 1.59142/61.0 22 -573.87162
3.000 23 163.59945 5.117 1.81263/25.3 24 72.87238 0.300 25 38.56059
13.000 1.67328746 b 26 46.24911 13.439 27 -77.70400 2.470

E@WHWO 29 -62.19532 7.955 1.81081/40.5 30
4834022 171.604584 Aspheric surface 1.01174E-05 -149.000 Reflector

(first-mirror—32-Asphericsurface 72: 72183887172 Reftectasisg @i refracive
rirror) _Projected image INF Curvature radius Intervai indexJAbbe number)
Display element

Py INF 1.400
i INF 20.700
2 INF 12.000 1.83962/42.8
3 INF 27.300 1.51872/64.0
4 INF 6.050
5 50.01335 12.300 1.49845/81.2
6 -102.48537 3.027
7 £62.66588 8.000 1.49845/81.2
8 -102.38250 4.5186
9 -49.22953 1.810 1.81184/33.0
10 57.85879 1.068
11 36.59180 10.025 1.49845/81.2
i2 -44.14826 5.030
13 -35.10091 1.510 1.81184/33.0
14 -109.43158 10.879
15 12564456 4.259 1.85505/23.6
16 -82.16580 6.182

Diaphragm INF 17.304
17 -25.90402 1.800 1.83962/42 8
18 -35.06784 43.616
19 Aspheric surface 59.62184 5.000 1.51131/56.4
20 Aspheric surfage £1.51696 1.000
21 51.88543 15.200 1.58142/61.0
22 : -573.87162 3.000
23 163.59845 51497 1.81263/25.3
24 72 87238 0.300
25 38.56059 13.000 1.67340/46.8
26 46.24911 13.439
27 -77.70400 2470 1.80831/46.3
28 50.57931 15.590
28 -G2.19532 7.955 1.81081/40.5
30 -49.34022 171.604
3 Aspheric surface 1.01174E-05 -148.000 Reflector {first mirror}
32 Aspheric surface 72.72183 387.172 Refiector (second mirror}

Projected image INE
surface
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surface 49 As encmeifidentforsurfacel9 K -1.420362 A4 -0.131048E-04
A6 0.526113E-08 AS 0.345041E-12 A10 0.611802E-16 Asc coeffident for
surface 20 K -6.286742 A4 -0.104735E-04 A6 0.572168E-08 A8
-0.880556E-12 A10 0.356875E-15 As encaxeifidentforsurface31 J._ Kl
-28531.19104 A4-- 1 -0.523359E-07 ~A6 0.157209E-10--~ A8
-0.172128E-14 A10 0.101543E-18 A12 -0.309504E-23 TA14
0.381546E-28 As cDefidentforsurface32 K -2.417695 A4 0.116220E-06
A6 -0.588887E-11 A8 0.248721E-15 A10 -0.212607E-20 Al12

-Drirecddficed #r Adade@4 75557E-29 According to numerlc va ue example 5,
tn& maanao Alon'l‘l;ézot’éﬁg; noant DE hac an noct ratin.of 1 tal

AT S odeE0r Vg 0’.5'2‘6‘?7%'—_08“’ “KB’ - '”UB‘ﬁS‘GME"TZ ' “1?6*"061180215—16
1920x1080 piXels, “and sizes t0 0.6 1 inches. The image dispiay efement

P5.is =Wmches for projection. The F number is 3.0. The
As_]:hen for surface 20 L. = &l : H 1 1 + DI |

I/]!(Bl SILE 1S AdPIARSHAALCTY 7 TIT'UIT UTE NIyt Ulspidy TITTTICTl Fo dlltu

pEroxXimateiyod76aEmm &h theﬁermssm&&%“ﬁ@m JTergpaTRE 15

fb thoainrnipetin nticdl. cvuctam aececordido-to-nlmmericevalua -axvamnle S
—tHE plul\.uuun UlJl.IUDI SY g L=

GLCTTITATCTOTOTT 3 LA LB EAY B AV ' A e Y
Rltpdl shmwsodisiarmon. Field angles (1) through (15) shown in the spot

d@mmﬁ%@&lﬂi@ enerated from_bositions (1) throuah (15) on.the
) 0.523350E-07 O Br200e 0 TAT o OT7ITORE14 ¥ ATO 610154318
Image tisplayeianeent FoshewstiisEle 30 Reférence wavetengthsare

626.28 nm, 620.0 nm, 587.56 nm, 546.07 nm, 460.0

Aspheric coefident for swface 32

K -2.417695

Ad 0.116220E-06 | A6 -0.588887E-11 | A8 0.248721E-15 A0 -0.212607E-20
Al2 -0.170341E-24 | A4 0.475557E-29

According te numeric value example 5, the image display
element PShasanaspectratioof16:9, contains 1920x1080pixels,
and sizes to 0.61 inches. The image display element P5 is
enlarged to 55.8 inches for proijection. The F number is 3.0.
The pixel size is approximately 7 um on the image display element
P2 and approximately 0.64 mm on the screen $5.

FIG. 39 shows a spot diagram for the proijection optical
system according to numeric value example 5. FIG. 40 shows
distortion. Field angles (1)} through {15) shown in the spot
diagram are respectively generated from positions (1) through
{15) on the image display element P5 shown in FIG. 38. Reference
wavelengths are 656.28 nm, 620.0 nm, 587.56 nm, 546.07 nm, 460.0
nm, and 435.84 nm. The scale for FIG. 39 is twice as large as
cne pixel on the screen 55. As shown in FIG. 39, the sufficient
image formation capability results. As shown in FIG. 40, no

remarkable image distortion is found and the sufficient

capability results.
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nm, and 435.84 nm. The scale for FIG. 39 is twice as large as one pixel
on the screen S5. As shown in FIG. 39, the sufficient image formation
capability results. As shown in FIG. 40, no remarkable image distortion is
found and the sufficient capability results. 50 When the projection optical
system according to the fifth embodiment is applied to a projector
(projection-type image display apparatus), the projection optical system
can be slimed by disposing plane mirrors at appropriate positions
similarly to the above-mentioned first and fourth embodiments. (Sixth

embodirf&fit} EfS. 240 GtiheS TSR opUEAFSy St ot Hprbfector THEEh
(Brpisgtion-iype image display apparatus) using e praiection epical s ra ge

system according to a sixth embodiment of the invention. FIG. 42 shows
aini eplangesiviewsafthe, projecticr epticalsysten:dh thestdagram be slimed
illustrating the sixth embodiment, P6 denotes an image display element.

The Thage thasidy GRMBAT 6 forhisTRB PHfaR By Sutfice Sifg Larly
imagedisplay.element ; BR.can-represgpta reflectivedokmaldy diguid
crystal panel, a digital micro mirror device (DMD) , and the like. In the
diagram, ( PR8-denotesianpoiarizing beam splitter (PBS), a dichroic prism,

a TIR (Total Internal Reflector% rism, and the like, STOP der%otes a .
diaphraght. Wihife $H& profetio %eeél&sl an fﬂa%liﬁﬁ‘t}oﬁy%%ﬁf:ﬂa? SySRATIS S FOr

illypinate the image display element Pather dlumination opticabsystem:ison
omitted from FIGS. 41 and 42. L61 denotes a first optical system

coniposed of stefracting dopticab elemant: E6R déhotes & §edondoptichlon .
Sygiem gonposed, of refectors RESL AN RROZ; The poglon SPISAl o,
In the diagram illustrating the sixth embodiment, P6
denotes an image display element. The image display element
P& forms the primary image surface. The image display element
PC can represent a refiective dot-matrix liguid crystal pa.nel,
adigitalmicromirrordevice {DMD}, andthelike. Inthediagram,
PP6 dencotes a polarizing beam splitter {PBS), a dichroic prism,
a TIR ({Total Internal Reflector) prism, and the like. STCP
denotes a diaphragm. While the projector neads an illumination
optical system to illuminate the image display element P6, the
illumination optical system is omitted from FIGS. 41 and 42.
Léldenctesafirstoptical systemcomposedof arefracting
optical element. L62 denotes a second optical system composed
of reflectors RRE1 and RR62Z. The projection optical system is
composed of the first optical system L61 and the second optical
system L62 and guides the light (primary image surface)

image-modulated by the image display element P6 tc the screen

S& to form an image (secondary image surface) on the screen S6.

51



composed of the first optical system L61 and the second optical system
L62 and guides the light (primary image surface) image-modulated by the
image display element P6 to the screen S6 to form an image (secondary
image surface) on the screen S6. 51 The first optical system L61 forms
an intermediate image at position Il in FIGS. 41 and 42. The image is
then reflected on reflectors RR61 and RR62 to form a pupil image that is
then formed on the screen S6. In this case, RR61 denotes a concave
reflector and RR62 denotes a convex reflector toward the secondary

ifgger SHFACEHT & braerora ight bearTBathfrof the fvagedisprye 2
eloment 26-As shownsin FIG. 42,the respegtive, optical surfages of the g
projection optical system are rotationally symmetric about an optical axis
AX186f e ElG r 4R Rt brakeniibezindicdtesran ynused anedhereforeis then
removed part_of the reflectors RR61 and RR62 of the second optical

Bf! 1562 P E0RE T SHOWS dathTor MimERE Yal i Bketfpe 6 Draseyit
specific nymericvajues;to the projection.optical system. according 19 4hey e
sixth embodiment. 52 [Table 7] number F/3.0 Inch size 50" Curvature
regivs ttewarGlasss(e-fine vefractive dndex/Abbe numbeéry Bisplayrh from
element INF 1.400 surface 1 INF 27.300 1.51872/64.00 .
the lmage displayelement P6. AsshowninFIG. 42, the respective
optical surfaces of the proijection optical system are
rotationally symmetric about an optical axis AXIS6. In FIG.
42, a broken line indicates an unused and therefore removed part
of the reflectors RR6l and RR62 of the second optical system
162,

Table 7 shows data for numeric value example 6 of applying

specific numeric values to the proijection optical system

according to the sixth embodiment.
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2 INF 12.000 1.83962/42.75 3 INF 8.613 4 -66.70934 4.619
1.76167/27.31 5-40.20806 1.466 6 33.43195 7.449 1.76167/27.31 7
131.35118 14.577 8 59.72796 5.955 1.48914/70.24 9 -30.09630 3.000
1.75456/34.77 10 18.28717 0.100 11 18.17450 7.246 1.48914/70.24 12
-2190429 1.977 13 -21.85215 3.000 1.81081/40.49 14 -303.96553 0.100
15 109.80180 7.224 1.48914/70.24 16 -28,10454 0.100 Diaphragm INF
99.059 17 182.80303 15.241 1.67764/31.92 18 -135.37528 0.100 19
64.1299117,],2%7%744 ]}7.52033/58.69 20 119.23170 10.935 21 -280.88707

]3 3?. 2 22 114.79624 216.118 23 Aspheric -73.93950

3.000 1.

ELR2PRPE0 ReflectaFfirst mirror)
Reffleigtor (secondsMirror) surfa

AN

haorie. o

ir\innt far

surface 24 Aspheric -69.01404 229.652
ce Projected image 0.000 surface

TR AR T : Glass (e-line refractive
Curvafure radius Interval index/Abbe number)
Dispiay element
surface INF 1.400
1 INF 27.300 1.51872/64.00
2 . INF 12.000 1.83962/42.75
3 INF 8.613
4 -66.70934 4,619 1.76167/27.31
5 -40.20806 1.466
8 33.43195 7.449 1.76167/27.31
7 131.35118 14.577
8 59.72796 5.955 1.48914/70.24
9 -30.09630 3.000 1.75456/34.77
10 18.28717 (.100
11 18.17450 7.246 1.48914/70.24
12 ~23.890429 1.977
13 -21.85215 3.000 1.81081/40.49
14 -303.96553 0.100
15 109.80180 7.224 1.48914/70.24
16 -28.10454 {.100
Diaphragm INF 99.059
17 182.80303 15.241 1.67764/31.92
18 -135.37528 0.100
19 64.12991 10.744 1.52033/58.69
20 119.23170 10.935
21 -280.88707 3.000 1.72793/37.72
22 114.79624 216.118
23 Aspheric 73.93950 120000 | Reflector (first mirror)
surface
24 Aspheric -69.01404 229.652 Reflector (second mirror}
surface
Projected image
: surface ? 0.000

Aspheric coefficient for

surface 23
K -8.47354e-001
Ad -4.50856e-007 | A6 -5.49282e-011 | A8 7.19838e-015 | A10 -3.75857e-019
Aspheric coefficient for
surface 24
K -1.43979e+001
Ad 3.2785%9e-008 | A6 -1.83925e-112 | A8 5.76078e-017 | A10 -7.70233e-022
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surface 23 K -8.47354e-001 A4 -4.50856e-007 A6 -5.49282e-011 A8
7.19838e-015 A10 -3.75857e-019 Aspheric coefficient for surface 24 K
1.43979e+001 A4 3.27859e-008 A6 -1.83925e-012 A8 5.76078e-017 A10
-7.70233e-022 53 According to numeric value example 6, the image
display element P6 represents a liquid crystal device such as reflective
dot matrix liquid crystal and is designed to be telecentric. The image
display element P6 has an aspect ratio of 16:9, contains 1920x1080

pixels, and siz es to 0 61 inches. The image display .element P6 |s
enlargeaélﬂto 85 mgﬁes for p%g“jgéﬁoﬁa4 %Xanﬁ%é;r/ ﬁeé S{nkbe THE Pixé lSSI a2y
is pppraximately 748 anthe image display: glementR6:and appreximately;

0.58 mm on the screen S6. FIG. 44 shows a spot diagram for the
ﬂ%}é&Wéﬁtlé&lqéyﬁe‘ﬁ#é@ééﬂdlﬁ@%lﬁuﬁa@ﬁéﬁi&ﬁf@e exahiplesd. sFr3 45-¢ -

shews, disortion. bield angles (1) trouoh ek shown Inthe soot diagran.
are respectlvel ge eratnel rom posmons roug ?1% on thé image

displayielement:26 shawain FIGs 43, Refarence,svavelengths ase 686.28: v
nm, 620.0 nm, 587.56 nm, 546.07 nm, 460.0 nm, and 435.84 nm. The

CHAETOTHG i&fi@t@\ﬂ@@§§%Pd}ejé§%fﬁb@6ﬂjtﬁéfs%?@en Recshowiber

in FIG 44 e sufficient ima eformatlon |t results. As sho nin
FIGg 45, noﬂ]}er%axk %Fe |magge “distortion is %1 g/nd)fh%%su iCi \gmplay

Gaipaiility réSuﬁacﬁNdf;epﬂdsmelpr@gt@ctgomoaﬂcadxsycshemraccmd@@dostae
S R p & RIS 0n (RIIeEONPE TR, peical
J P
system according to numeric value example 6. FIG. 45 shows
distortion. Field angles (1) through (15) shown in the spot
diagram are respectively generated from positions (1) through
{15} on the image display element P6 shown in FIG. 43. Reference
wavelengths are 656.28 nm, 620.0 nm, 587.56 nm, 546.07 nm, 460.0
nm, and 435.84 nm. The scale for FIG. 44 is twice as large as
one pixel cn the screen. As shown in FIG. 44, the sufficient
image formation capability results. As shown in FIG. 45, no
remarkable image distortion is found and the sufficient
capability results.

When the preojection optical system according to the sixth
embodiment is applied to a projector (projection-type image
display apparatus), the projection optical system can be slimed
by disposing plane mirrors at appropriate positions similarly
to the above—mentioned first and fourth embeodiments.

{(Seventh embodiment)

FIG. 45 outlines the entire optical system of a projector

(projection-type image display apparatus) using the projection
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display apparatus) , the projection optical system can be slimed by
disposing plane mirrors at appropriate positions similarly to the
above-mentioned first and fourth embodiments. (Seventh embodiment)
FIG. 46 outlines the entire optical system of a projector (projection-type
image display apparatus) using the projection 54 optical system
according to a seventh embodiment of the invention. FIG. 47 shows an
enlarged view of the projection optical system. In the diagram illustrating
the seveTth embodiment, 27 denotes an image display element. The

image dispay SIBment F7 fshnd e Siifan Thage Soiface. The imsge™*on-
displayielement BY santepresent a reflective dotsmatriy liquid cofstal s+ en,
panel, a digital micro mirror device (DMD) , and the like. In the diagram,
PP7 denbteszepolatizirmgrbeahmsplitteri(RB S) e asdichroit prished arBiR:, B7
(Total Internal Reflector) prism, and the like. STOP denotes a diaphragm.
hile tha pargjelcr%grgﬁecei?ig%namu?r%ﬁgt%ﬁ ‘optical sy5tEm %lfﬁﬁ%rﬁ#;fa‘elﬁ?éent
image displayelementR7; thedilumiratian optical systemuisqQmitted from .«
FIGS. 46 and 47. L71 denotes a first optical system composed of a
rBffaeting optieet elemantt Laotdetotistametond opticklSystental panel,

co .posegl of reflectors R71 and R e projection. optical system.is
O RRLocH ST he T ou o yRten 171 Ak 8 SoLoRA optoAr SRR

compose sysfte € second optical 'sys

Le27anehguides: the light (primary dmage sutface)itnagesnaadulatad-hy.the,
image display element P7 to the screen S7 to form an image (secondary
ifagefsurface) o e sereknfS T L ahiecfirst bptichl systemtbrl formts ansTOP

i g’@edg'aatledi %Q‘% .,OSi\HQn “einhFéG§b4gcatncgr4IZéggse irrrl]aq_q.ismgqneantion
re%leécted on r%gf?égétor 71 anélRfZ to form a pupil image that is then
optical system to illuminate the image display element P7, the
illumination optical system is omitted from FIGS. 46 and 47.
L71 denctes afirst optical systemcomposed of arefracting
optical element. L72 denotes a second optical system composed
of reflectors R71 and R72. The projection optical system is
composed of the first optical system L71 and the second optical
system L72 and guides the 1light (primary image surface)
image-mcdulated by the image display element P7 to the screen
57 to form an image {secondary image surface) on the screen 87.
The first optical system L71 forms an intermediate image at
position II in FIGS. 46 and 47. The image is then reflected
on reflectors R71 and R7Z2 to form a pupil image that is then
formed on the screen S7. As shown in FIG. 47, the respective
optical surfaces of the projection optical system are
rotationally symmetric about an optical axis AXIS7. In FIG.
47, a broken line indicates an unused and therefore remcved part

of the reflectors R71 and R72 of the second optical system L72.
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formed on the screen S7. As shown in FIG. 47, the respective optical
surfaces of the projection optical system are rotationally symmetric about
an optical axis AXIS7. In FIG. 47, a broken line indicates an unused and
therefore removed part of the reflectors R71 and R72 of the second
optical system L72. 55 Table 8 shows data for numeric value example 7
of applying specific numeric values to the projection optical system
according to the seventh embodiment. 56 [Table 8] F number F/3.0 Inch
size 52.5' Curvature Glass (e-line refractive radius Interval index/Abbe

number). Bidfldy BI8HRACINE L4056/ A6 LINFOTTRBOD INE £2Bbo Y

1,83062/12.8, 3Nk 27-300.1.518¢2/64,0 4 INFH.050,5 29,22241 12,300, ,
1.49845/81.2 6 -86.13954 4.172 7 44.25213 9409 1.49845/81.2 8
-96:5568814.207 9h50:21988-1. 7919-b@1184133.0 10 34.23739 3.003 11
38.84939 10.553 1.49845/81.2 12 -33.38322 2.575
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13 -35.32416 1.574 1.81184/33.0 14 -294.59246 8.563 15 -2771.84910
5.043 1.85505/23.6 16 -49.26150 10.336 Diaphragm INF 32.667 17
-31.30247 1.800 1.83962/42.8 18 -41.95428 21.541 19 45.68213 15.174
1.59142/61.0 20 -179.12544 11,472 21 -84.96068 2.526 1.81263/25.3 22
-513.97498 0.300 23 38.82080 7.423 1.67340/46.9 24 55.78713 11.970
25 -68.01291 8.000 1.80831/46.3 26 45.75187 14.403 27 -55.92187
13.306 1.81081/40.5 28 -48.48920 170.904 29 Aspheric surface

151.155 Reflector (first mirror) 30 Aspheric surface

518 Reflector (second mirror) rolecte INF ima e surface

1.011745% ]
68.49207 364"

Asplelsientfor surfag 29K 285
OndR6RA6E-11 A85£5206541E-1]

Al14 0.357592E-29 Asphen

A3 1.3489E-(

D6 A4 1.1430H

»31.19104 A4 0.124362E-07 A6
5 A10 0.103413E-19 A12 -0.290651E-24

30 K-2.4470-Al-1.1474E-02

1Interval

Glass (e-line refractive

07 A8 B548E-
F

index/Abbe number)
Display element
surface IN 1.400
1 INF 20,700
2 . INF 12.000 1.83962/42.8
3 INF 27.300 1.51872/64.0
4 INF 6.050
5 59.22241 12.300 1.49845/81.2
6 -86.13954 4172
7 4425213 9,409 1.49845/81.2
8 -96.565688 4.207
9 -50.21938 1.779 1.81184/33.0
10 34.23738 3.003
11 38.8483¢ 10.553 1.49845/81.2
12 -33.38322 2.575
13 -35.324186 1.574 1.81184/33.0
14 -294.59246 8.563
15 -2771.84910 5.043 1.85505/23.6
16 -49.26150 10.338
Diaphragm INF 32.667
17 : -31.30247 1.800 1.83962/42.8
18 -41.954238 21.541
19 4568213 15,174 1.58142/61.0
20 -179.12544 11.472
21 -84.96068 2.526 1.81263/25.3
22 -513.97498 0.300
23 38.82080 7.423 1.67340/46.9
24 55.78713 11.970
25 -68.01291 8.000 1.80831/46.3
26 45.75187 14.403
27 -55.82187 13.306 1.81081/40.5
28 -48.48820 170.904
29 Aspheric surface 1.01174E-05 -151.185 Reflector {first mirror)
30 Aspheric surface 68.49207 364.319 Reflector {second mirror)
_ Projected INF
image surface
Aspheric coefficient for surface 29
K -28531.19104
A4 0.124362E-07 | A6 0.196046E-11 | A8 -0.206541E-15 | A10  0.103413E-18
Al2 -0.290651E-24 | A14  0.357592E-28
Aspheric coefficient for surface 36
K -2 4470
Al -1.1474E-02 | A3 1.3489E-06 Ad  1.1430E-07 A5 1.8548E-11
Ab -6.0609E-12 | A8 2.8004E-16 A10 -6.6302E-21 Al12 6.8785E-26
Al4 4.6396E-31
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A6 -6.0609E-12 A8 2.8004E-16 A10 -6.6302E-21 A12 6.8785E-26 Al4
4.6396E-31 57 According to numeric value example 7, the 30th surface,
i.e., a concave reflector R72 contains an aspheric coefficient of
odd-numbered degree. Therefore, the above-mentioned equation 2
defines the shape of the 30th surface. According to numeric value
example 7, the image display element P7 has an aspect ratio of 16:9,
contains 1920x1080 pixels, and sizes to 0.61 inches. The image display
element P7 is enlarged to 52.5 inches for projection. The F number is 3.0.

The pixel*SiZ8 18 ApProRiMBTEY 7o Bh e SHage Gisplay erfdrt anatace;
appeoximately, 0605,/ op-the sereen, 5 HIG- 49 showsa spofdiagram,,

for the projection optical system according to numeric value example 7.

FiG. 50dshowsdistortione Field anglés ¢bethrowgh (153 showryirthenspated
diagram, are res egtivel enerated from positions (1) through (15) on the
imags display e%mlerﬁ?%ggﬁoﬂmﬁ%@$4%hﬁe3f8 & Wavdtengths are

656.28 NEk; G240 N 58756 P, 54607 BITLASLO07 NMhand:A35.84:P; o

The scale for FIG. 49 is twice as large as one pixel on the screen S7. As
showmsn tFiG 49, 4he: spfficient timage férrhatiomcapabilityresulis 0As xels,

shown in FIG. 50, no _remarkable image distortion is found and the ,
e S b e JRTah Gttt e i AeBbrdi i

safficient zgg’patbc?lity résults:

te:thenseventh, embadimentis a2pplied &9 aproigctor tjectiondype;s 3.0.
image display apparatus) , the projection optical system can be slimed

by tisposing plaseimisers at apprepriale positiohs sSimzitarly itexthey element
aboye-mentioned firytand fquth embodiments: ee, o7,

FIG. 49 shows a spot diagram for the projection optical
system according to numeric value example 7. FIG. 590 shows
distortion. Field angles (1) through (15) shown in the spot
diagram are respectively generated from positions (1) through
(15) on the image display element P7 shown in FIG. 48. Reference
wavelengths are 656.28 nm, 620.0 nm, 587.56 nm, 546.07 nm, 460.0
nm, and 435.84 nm. The scale for FIG. 49 is twice as large as
one pixel on the screen 87. As shown in FIG. 49, the sufficient
image formation capability results. As shown in FIG. 50, no
remarkable image distortion is found and the sufficient
capabllity results.

Whentheprojectionoptical systemaccordingtothe seventh
embodiment is applied to a projector (projection-type image
display apparatus), the projection optical system can be slimed
by disposing plane mirrors at appropriate positions similarly
te the above-mentioned first and fourth embodiments.

{BEighth embodiment)
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(Eighth embodiment) 58 FIG. 51 outlines the entire optical system of a
projector (projection-type image display apparatus) using the projection
optical system according to an eighth embodiment of the invention. FIG.

52 shows an enlarged view of the projection optical system. In the

diagram illustrating the eighth embodiment, P8 denotes an image display
element. A primary image surface is formed on the image display element
P8. The image display element P8 can represent a digital micro mirror
device ( )Sl\NhiIel the grgﬂlectortneeds aQ,iIIu ination opt%cal _
systemtoi Gminatd ™ the Pr’ﬁage §iseﬁ1a31/ elefient P8, the' itﬂ(laff]‘n|Onaﬁo%“"’:c§)|r51tfec%1tfOr
systen is ontitted from:EaS: Bhand 82pk8L depotesafirshepticabect ion
system composed of a refracting optical element. L82 denotes a second
Spticet 3y StERT eBrAp6SEd iobreflectrscRRB Eahd RRE2: The projectiortion .

jcal.system is composed of the fir tical system L81 and the second
Ol SyLLE 125 B SAdas T gt (IMESR) T8 SOHader | Svocen.

image-medulatediby thedmagedisplay ielement PSito-the seieen: S810, ps
form an image (secondary image surface) on the screen S8. The first
S5t 3 stem B fofths ahtinteffigdiste infage 090051668 IFIMFFIESCE1Ls

%Q)dng ‘Io'h%hmagne iS tggn rfflect d on,r ept RR81 and RR82 ta form .
L e e i e Bl e

the respective ceplinal suifages:of thecprojectiorn-eptiealisystemvane. while
rotationally symmetric about an optical axis AXISS. In FIG. 52, a broken
e iRdicates-an GRAESEF AR thetersrelrehovbdsart bf e feflédtbrginate

%Bﬁg:‘iﬁgg@gjggpqueeﬁ%%r}g:opéif:aéﬁxsﬁ%rﬂulﬁ§%'ation optical system
is omitted from FIGS. 51 and 52.

L8l denotes a first optical systemcomposedof arefracting
optical element. L82 denctes a second optical system composed
of reflectors RRB1 and RR82. The projection optical system is
composed of the first cptical system L81 and the second optical
system L82 and guides the light (primary image surface)
image-modulated by the image display element PB tc the screen
58 te form an image (secondary image surface) on the screen S8.
The first optical system L81 forms an intermediate image at
position II in FIGS. 51 and 52. The image is then reflected
on reflectors RRBL and RR8Z to form a pupll image that is then
formed cn the screen 88. As shown in FIG. 52, ths respective
optical surfaces of the projection optical system are
rotationally symmetric about an optical axis AXISB. In FIG.
52, a broken line indicates an unused and therefore removed part
of the reflectors RR81 and RR82 of the second optical system

LB8Z.
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59 Table 9 shows data for numeric value example 8 of applying specific
numeric values to the projection optical system according to the eighth
embodiment. 60 [Table 9] F number F13.0 Inch size 55.8" .8' Curvature
radius Interval Glass (e-line refractive index/Abbe number) Display
element INF 54.000 surface Diaphra m INF 0.100 1 71.13311578 3.000
1.76167/27.31 2 -132.8219538 6.435 3 87.24914913 9.995

1.76167/27.31 4 -111. 03702 0.100 5 -477.69876 3.000 1.80932/39.39 6
34.3010 00,7 42.7797 41 1.56605/60.58 8 -22.24372 3.000 _
7243210 B 35GaRA O AT 10705 GeaE bt FlRt Aol S
-5@%5111&%@1&%93%3&@@6 £:00hd. 76164243 1l 35:302:£8002y st ey

70.336 14 94.02440 7.538 1.76167/27.31 15 298.10396 6.199
according to the eighth embodiment.
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16 -186.511621 5.000 1.74794/44.63 17 1081.95709 285.517 18
Aspheric surface -83.79108 -110.000 Reflector (first mirror) 19 Aspheric
-177.21176 260.000 Reflector (second mirror) surface Projected image
INF 1.000 surface Aspheric coef(identh surface 18 K -6.03097e-001 A4
2.98655e-007 A6 1.62107e-011 A8 1.53773e-015 A10 -2.42130e-020
Al12 -2.52893e-024 Aspt is coefiidentfor surface 19 K -2.90510e+001 A4
7.12285e-008 A6 -8.49805e-012 A8 6.28723e-016 A10 -2.49940e-020
Al2 3. 5§th% 02; 61 According to numeric value example 8, a DMD is

used as

e |mage display element P8 that has an aspect ratio of 16:9,
GoRiatas 1280x/768ppxels, and g
|emeizat P8 is enlébdgiEd to 55.8 |

izes to 0.7 inches. The image display
inches for pI’OJeCtIOI’I The F number |s 3.

The-pixet-sizeis-approximately-12-m-en—the-image-displa ayelement reﬁacwe
and approximately 0.86 mCorvahies radiwsen Sgnﬁfmbphragmgﬁe %ﬁ? Kimber)
meywesthetween the image dISH[ element P the projection
opticatfagsstem. ON light is; reflected on the image display element 28,
pa%ﬁiﬁ%ugjh the -diaphtagm SYMOP and the prBiEtion optical system,
and-then—reasches-the serden S VE 0 Siabhragnt S DR interiBI BER!
. E i 1328210538 09! et
. ne N Ilglll. pdbbeb L”é‘f%é‘i gq;'sUIc plllaglg_ggsur' dll%#@ﬁ%iﬁz?l!ﬁ
4 -111.03702 0.100
5 -477.69876 3.000 1.80932/39.39
6 34.30104 1.000
7 42.77973 6.841 1.56605/60.58
8 -22.24372 3.000 1.73432/28.10
9 49.09361 0.100
10 44.96886 5.684 1.48914/70.24
11 -52.48688 51.478
12 -931.71066 5.000 1.76167/27.31
13 -302.78002 70.336
14 94.02440 7.538 1.76167/27.31
15 208.10396 6.199
16 -186.511621 5.000 1.74794/44.63
17 1081.95709 285.517
18 ‘;ﬁ‘i{;ﬂc -83.79108 -110.000 | Reflector (first mirror)
19 Asi?flff -177.21176 260.000 Reflector {second mirror)
Projected image
e INF 1.000
Aspheric coefficient for surface 18
K -6.030972-001
Ad 2.98655¢-007 | A6 -1.62107e-011 | A8 1.53773e-015 | AT0  -2.42130e-020
A12 -2.52893e-024
Aspheric coefficient for surface 19
K -2.90510e+001
A4 7.12285e-008 | A6 -8.49805e-012 | A8 6.28723¢-016 [ A10  -2.49940e-020
A12 3.55011e-025
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refracting optical system L81 to form an intermediate image at the
position Il in FIGS. 51 and 52. The ON light is then reflected on the
reflector RR81 to form a pupil image. The image is reflected on the
reflector RR82 to be formed on the screen S8. FIG. 54 shows a spot
diagram for the projection optical system according to numeric value
example 8. FIG. 55 shows distortion. Field angles (1) through (15) shown
in the spot diagram are respectively generated from positions (1) through

(15) on the image display element shown in FIG. 53. Reference
wavelen&ﬂ%é?gl%ga‘?é’s AT 8200 %/h 68758 RNt 546.67 1M, AB0YF Sin?S

anek430.84 N Lhe Scale {0 ElGg SA.isdwice aslargsas. ong pixelong . o,

the screen S8. As shown in FIG. 54, the sufficient image formation
capability yespits xAs Showr Ik Flen 55 no- semarkable image distréiontisge
found and the sufficient capahility results. 62 When the projection optical

SystEhAc ot to the Eighth Mb6diment is*appfied to 2 préjétiort 0 -
(Projestionsiype image display.apparalys). the projsction.optcal system o,

can be slimed by disposing plane mirrors at appropriate positions
Sitmilailye te thie abbyve-megttione dEfirst threughr fourt embo dindfentsm (Nintfre
embodimegnt) Fl(g. 56 outlines the entire o Cgiczé\{l S '
Ady ? %
using

screen S aphz STOP1spro b g&e@mog}? p'rr(t%ecmc{'splay
(prOJecﬁon-type |ma8e cﬁ‘gﬁrfay appargfus‘ﬁ e 6r01ec ion gﬁécall

systemaccegdingdo eninth-embodiment of thesinventienry, FIG:p7:shaws ; s
an enlarged view of the projection optical system. In the diagram
isstiativee the ninthee Miiotkment PP Y dehees dnfihage dispiay element the

e e dispiay clement, P forms e priman imade, suface: TS e
reaches the screen S8. The diaphragm STOP interrupts OFF light.
The ON light passes through the diaphragm STOP and enters the
refracting optical system LB81 to form an intermediate image at
the positicon II in FIGS. 51l and 2. TheONlight is thenreflected
on the reflector RRB1 to form a pupll image. The image 1is
reflected on the reflector RR82Z to ke formed on the screen 38.

FIG. 54 shows a spot diagram for the projection optical
system according to numeric value example §. FIG. 55 shows
distortion. Field angles (1) through (15} shown in the spot
diagram are respectively generated from positions (1} through
{15) on the image display element shown in FIG. 53. Reference
wavelengths are 656.28 nm, 620.0 nm, 587.56 nm, 546.07 nm, 460.0
nm, and 435.84 nm. The scale for FIG. 54 1s twice as large as
one pixel on the screen $8. As shown in FIG., 54, the sufficient
image formation capability results. As shown in FIG. 55, no
remarkable image distortion i1s found and the sufficient

capability results.
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P9 can represent a reflective dot-matrix liquid crystal panel, a digital
micro mirror device (DMD) , and the like. In the diagram, PP9 denotes a
polarizing beam splitter (PBS) , a dichroic prism, a TIR (Total Internal
Reflector) prism, and the like. STOP denotes a diaphragm. While the
projector needs an illumination optical system to illuminate the image
display element P9, the illumination optical system is omitted from FIGS.
56 and 57. L91 denotes a first optical system composed of a refracting
optical element, L92 denotes a second optical system composed of a

reflector AND. THe projectiorn Bpticat Sy Stanis Confvosst tF fie g tohth
apticak system L91-and thesecond gpticaksysten, L92.and &%w & rage
e

light (primary image surface) image-modulated by the image display
elemieht PORDake SereentS9 wriorecan imaye: (sedorndalry invagesurfacekrd
qn tlé% gcg}eeinnSQ.l'l'a haet i]%ziuthreofirsta 63 o%tical S}_/sttem L91 tf;)orms an o arl
intermediate nﬁa%e at posﬁonﬁﬁ in FIES 85 Ghd 577 The |f‘”noangse T ther T+
reflected anavefiestari AMQ te form a-pupilimage thatisdhendormed on
the screen S9. As shown in FIG. 57, the respective optical surfaces of the

projectioftBptical EyReshiraratotationally symmetric about an optical axis
AXIS9. InFIG.57 roken Jine indicates an unused and therefore .
dEl . BEtﬁ&glnes LR? ern lﬁiﬂ%pg:fjtﬁgi Se%sgil;]éarﬂo %ra r%%ector

o
removed part o e concave reflector S p |calpsy em

LG Fahie 16-shows dataiornumesic ¥plierexampled abapplying jection
specific numeric values to the projection optical system according to the
MRthL-Embadifmém 264 Praseqbp £ humiepgbodiment of the invention.

FIG. 57 shows an enlarged view of the projection optical system,
In the diagram illustrating the ninth embodiment, P9
denotes an image display element. The image display element
P9 forms the primary image surface. The image display element
P9 can represent a reflect.ive dot-matrix liquid crystal panel,
adigitalmicromirreordevice (DMD}, andthe like. Inthediagram,
PPY denotes a polarizing beam splitter (PBS), a dichroic prism,
a TIR {Total Internal Reflector) prism, and the like. STOP
denotes a diaphragm. While the projector needs an illumination
optical system to illuminate the image display element P9, the
illumination optical system is omitted from FIGS. 56 and 57.
191 denotes a first optical systemcomposedof a refracting
optical element. L92 denotes a second optical system composed
of a reflector AM9. The projection optical system is composed
of the first optical system L91 and the second optical system
192 and guides the light (primary image surface) image-modulated
by the image display element P9 to the screen S9 to form an image

{(secondary image surface) on the screen S9. That is, the first
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Inch size 62.6" .6" Curvature radius Interval Glass (e-line refractive
index/Abbe number) Display element INF 0.900 surface 1 INF 30.000
1.51872/64.0 2 INF 5.000 3 62.65902 9.402 1.48914/70.2 4 -82.6989
6.176 5 36.38095 10.475 1.49845/81.2 6 -81.168 6.000 7 -37.1714 1.539
1.64940/31.7 8 27.24078 3.912 9 33.08227 10.504 1.49845/81.2 10
-28.5041 2.809 11 -26.4725 1.341 1.61864/34.5 12 60.76307 1.402 13
87.88232 6.476 1.75520/27.5 14 -32.7878 9.119 Diaphragm INF 13.175

15 -27.9681 1500 1,54285/47.0 16 -52.9861.18.502 17 91.05025 10.217
PH5256/5°8° 18758 824838481 9 246 6809'S 680 T ¥A666123°8 50 °" 1T

-117:323 50,536,41568.55467 8000 1.48414/7 0% 2246 45364 146890
AMY to form a pupil image that is then formed on the screen S9.
As shown in FIG. 57, the respective optical surfaces cf the
projection optical system are rotationally symmetric about an
coptical axigAXISS., InFIG. 57, abrokenline indicates anunused
and therefore removed part of the concave reflectecr AMY of the
second optical system L92.

Table 10 shows data for numeric value example 9 of applying
specific numeric values to the projection optical system

according to the ninth embodiment.
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23 -149.905 3.005 1.48914/70.2 24 115.63 5.973 25 426.1313 6,000
1.84829/29.7 26 -670.278 250.000 27 As ace -88.935 -700.000 Reflector
(first mirror) surface Projected image surface Asphert effi entfcxsur ce27
K -2.641049 A4 -0.111535E-06 A6 0.386529E-11 A8 -0.317841E-16 610
-0.822479E-20 Al12 0.452284E-24 A14 -0.631588E-29 A16
-0.186046E-33 A18 0.528090E-38 65 According to numeric value
example 9, the image display element P9 represents a liquid crystal
device such as reflective dot matrix liquid crystal and is designed to be
telecentfic 25rHe imége display element P9 has an aspect ratio of 16:9,

COas —1920x 1930 pixets;ang
alesment P6 is enlgpged to 62.6

I sizes to 0.61 inches. The image display
nches for projection. The F number is 3.

0. The pixel size.is approximately 7.m on the.image . display element P9
and approximately 0.725 mouesthaaneen. FiGerk® sh Jvﬁg‘?&pﬁfe ;if;ag;‘:’)e
Léjggllcﬁ,léléﬁ.‘bﬂld projectionjopticalsystemaccording to numeric value
exampte®. FIG. 60 showd distottbn. Field angle$Y®) through (15) shown
in the gpot_diagram are respectiwty generated f®Popositionds.G131hkaugh
(15) ot the image display elemei*P9 sholwn in F}E0ES | Reference
wavalenathe dra GEG.22 nim.6208%FPrt82 597 6 nd®a6 07 ni 4 3HE FP-4m
RSO At A Py 25 R OB 5 /- D
alta ‘PQS).O"I' TTET. TTTIE SLAIT] TUT I_Ig.g:gg 9? Wit aa %%U [o.0) 1.498451’812

6 -81.168 6.000

7 -37.1714 1.530 1.64940/31.7

8 27.24078 3.912

9 33.08227 10.504 1.49845/81.2

10 -28.5041 2.809

11 -26 4725 1,341 1.61864/34.5

12 80.76307 1.402

13 87.88232 6.476 1.75520/27.5

14 -32.7878 9.119

Diaphragm INF 13175

15 -27.9681 1.500 1.54285/47.0

16 -52.9861 18.502

17 91.05025 10.217 1.75450/51.6

18 -58.8245 3.649

19 -49. 6999 5.680 1.84666/23.8

20 -117.323 50.536

21 68.55467 8.000 1.48914/70.2

22 46.45361 14.599

23 -149.905 3.005 1.48914/70.2

24 115.63 5073

25 426.1313 6.000 1.84828/29.7

26 -870.278 250.000

27 f\sphertc -88.935 700006 | Reflector (first mirror)
Projected image

surface

Asphenc cosficient for sUrtace 27
K -2.641049
Ad -0.111535E-08 | AB  0.386528E-11 | AB -(0.317841E-16 | A10  -0.822479E-20
A12 0.452284F-24 | A14 -0.63158B8E-29 | A16 -0.186048E-33 | A18 {.528080E-38
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one pixel on the screen S9. As shown in FIG. 59, the sufficient image
formation capability results. As shown in FIG. 60, no remarkable image
distortion is found and the sufficient capability results. When the
projection optical system according to the ninth embodiment is applied to
a projector (projection-type image display apparatus), the projection
optical system can be slimed by disposing plane mirrors at appropriate
positions similarly to the above-mentioned first and fourth embodiments.
Table 11 lists related data and corr a‘r;gondln g data for conditional

equationg (I} (2} End (3} HEeording b the SBBvESmentidhed Atifferd SPLay

valueexampes 3.10:%,66:0, 9:Qukd- 4 (AR 8 @7 i¢6 Su) BORARE ve
Eomm NOY,UNNTCT-TCNCBNNN ONNNNNNCOa R

~PYUp Uri:USUGNN N D v \eOd N-sOdes Noedl UN G Blecftbic.
TgégﬁégeégsgiayelemengP9hasanaspectratloof16 9, contains
1920x1080 pixels, and sizes to 0.61 inches. The image display
element P& is enlarged to 62.6 inches for proisction. The F
numper is 3.0. The pixel size is approximately 7 umon the image
display element P9 and approximately 0.725 mm on the screen.

FIG. 5% shows a spet diagram for the projection optical
system according to numeric value example 9. FIG. 60 shows
distortion. Field angles (1) through (i3%) shown in the spot
diagram are respectively generated from positions (1} through
(15) on the image display element P9 shown in FIG. 58. Reference
wavelengths are 656.28 nm, 620.0 nm, 587.56 nm, 546.07 nm, 460.0
nm, and 435.84 nm. The scale for FIG. 59 is twice as large as
one pixel on the screen 59. As shown in FIG. 58, the sufficient
image formation capability results. As shown in FIG. 60, no
remarkabkle image distortion is found and the sufficient
capability results.

When the projection optical system according to the ninth
embodiment is applied te a projector [(projection-type image
display apparatus), the projection optical system can be slimed
by disposing plane mirrors at appropriate positions similarly
to the above-mentioned first and fourth embodiments.

Takle 11 lists related data and corresponding data for
conditional equations (1}, (2}, and (3} according to the

above-menticned numeric value examples 3 to 9.
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It canbeunderstoodthat the above-mentionednumericvalue
examples 3 to 9 all satisfy conditional equations (1), (2}, and
{3} .

FIG. 61 shows intermediate image positions for the first
optical system L4l according to the above-mentioned embodiment
4., In FIG. 61, 38il1, 8i2, and 3i3 denote distances between the
first optical system L4l and intermediate image positions
corresponding to the lowest, meddle, and highest field angles
on the screen, respectively. Thepositions correspondtopoints
(1y, (7}, and {13) in FIG. 22. The distances are 3il = 183 mm,
812 = 112 mm, and Si3 = 50 mm. Length Ls of the first optical
system L4l is 131,25 mm and satisfies conditional egquation (1).
Any of numeric value examples 3 through 9 satisfy not only
conditicnal equation {1), but also conditional equations (2)
and (3) (see Table 11).

When the above-mentioned featuresandeffectsareproperly
used, it 1s possible to appropriately correct the distortion
and compactly construct the projectionoptical systemexcellent
in the image formation capability using a small number of
reflectors.

The above-menticned embodiments have described the
projection-type image display apparatus for projection on the
transmissive screen. It 1s cohvious that the projection-type
image display apparatus accerding to the invention is applicable
as an apparatus for projection on a reflective screen.

The above-mentioned embodiments have described the first

optical system and the second optical system composed of the
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EOEREENNMM uNZ>UOZ>N 6(U _NMRJJJI(NN coJAY
O ~NM JCL (o U) V) N V) It can be understood that the
above-mentionednumericvalue examples 3 to 9 all satisfy conditional
equations (1), (2), and .(3). FIG. 61 shows intermediate image positions
for the first optical system L41 according to the above-mentioned
embodiment 4. In FIG. 61, Sit, Si2, and Si3 denote distances between the
first optical system L41 and intermediate image positions corresponding

19, lowest, meddle, and highest field. aneles. ap ihe SEeEl e optical
respectively. The positions correspond to points (1), (7), and (13) in FIG.

22.iEhe distandes ase Siltae183vem,i Gi2iz 12 onmprand Sid e 50 snmfaces
Length Ls of the first optical system L41 is 131.25 mm and satisfies

itiBAS EqiatiGit ¢ °Afy of ntFTEIRE Vafie examples 3 through 9
satisfy ngt only,,conditional: equation (1), but also,copditional eguations (2).

and (3) (see Table 11). When the above-mentioned features and effects
areapropet i auseds piris grossivle te: appropfiateheprecttiedistortion adng s
compactly construct the projection optical system excellent in the image

fofiatin CABABINY bitiy 3 SHialURBE? of raflbeior.nd the invention.

These specifics must not cause the technical scope of the

invention to be interpreted restrictively.

Industrial Applicability
The invention can provide the projection optical system
that features a small depth and height and a large enlargement
factor. The projection optical system 1s particularly
appropriately applied to a large rear projection television.
In addition, the projection optical system is appropriate for
enlarged projection onto a reflective screen and the like in

a limited space such as a narrcw rcom.
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The above-mentioned embodiments have described the projection-type
image display apparatus for projection on the transmissive screen. It is
obvious that the projection-type image display apparatus according to the
invention is applicable as an apparatus for projection on a reflective
screen. The above-mentioned embodiments have described the first
optical system and the second optical system composed of the 68
surfaces that are rotationally symmetric about the common optical axis. In
addition, the invention is also applicable to surfaces that are not
rotationally sgnmmetrc:tThe abovesaientioned efobodiments:angd:numeticon
value examgles have re resegted the sspecific shapes and numeric
values Tob the 2omponents a5 mate Bxamplss 8F embB&ayng the*tde teo a

inyentiona rkhese-specifis must nek cause dhestechpical scape ofthes : ge,
invention to be interpreted restrictively. Industrial Applicability The
invedrtiohPcaH provide the projection optical system that features a small

depth and height and alarge enlargement fagtar. The projection optical

system is particularly appropriately applied to a large rear projection
telévision.r i aeditidmative projéetion optidal system is appropriate for
enlarged aprsoel%gggnoorlto a{eflective screen and the like in a limited space

such as & RATToW room. 69 Craims 1 A profe oo ptical §j&tam o -t
enlatged-projectiomirom a.piimany fnage.suface eXisting.at a-redueing: -
side to a secondary image surface existing at an enlarging side,
image,
wherein a light beam travels from the center of the primary
image surface to the center of the secondary image surface,
crosses an optical axis of the first optical system, reflects

on the concave reflector, crosses the optical axis again, and

reaches the secondary image surface;

wherein the first optical system and the second optical
system include surfaces that are rotationally symmetric about

a common optical axis;

wherein the first optical system forms the
intermediate image toward the primary image surface rather
than the concave reflector cf the second optical system;

and
wherein conditional eguation (2) below is satisfied
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comprising: a first optical system that forms an intermediate image of the
primary image surface; and a second optical system having a concave
reflector that forms the secondary image surface according to the
intermediate image, wherein a light beam travels from the center of the
primary image surface to the center of the secondary image surface,
crosses an optical axis of the first optical system, reflects on the concave
reflector, crosses the optical axis again, and reaches the secondary
IM&ge stirfaces wheteiit-tecrspoptiean systen apetthersdécend aptcam
sysfem.include sytfaces that are rotatignally symmetic.about,.a.common
optical axis; wherein the first optlceﬂ system forms the  intermediate image
towengsthefprimary.imagesswaCes=kather. than the concave reflector of the
second optical system; and wherein conditional equation (2) below is
satisfied 70 where S12 is a distance between the first optical system and
the concayegeflectorzand R is a paraxial curvature radius of the concave
reflector. (2) S12 > IRI/2 2. The projection optical system according to
claim 1, wherein the second optical system comprises only the concave
reflectos. 3. The projection oplical system acoording toclaim 1. yheteln
the second optic sﬁstem as'8 convex reflector

wherein the second optical system comprises only the

concave reflector.

3. The projection optical system according to claim 1,

wherein the second optical system has a convex reflector

T0&a



70a toward an enlarging side or reducing side of the concave reflector. 4.
The projection optical system according to claim 1, wherein conditional
equation (1) below is satisfied where Ls is a length along the optical axis
between a light entrance surface and a light exit surface of the first optical
system and Si is a distance along the optical axis between the light
entrance surface of the first optical system and the intermediate image.
(1) SilLs<25. The gro'ectié)n ogtical system a,ccordln% to claim 3,
wherein condifiohal etiation (3) bEfoW is Eatietids Wherd*sEIrida
distance along the optical axis between the convex reflector and the
concave reflector. (3) SR12 > IRI/2 71 6. The projection optical system
according to claim 1, wherein the concave reflector is a rotationally
symmetric and aspheric surface about the optical axis. 7. The projection
optical system according to claim 6, wherein a function indicating a shape
of the rotationadlyprsymmetiicand-aspheresurfase tcantainslatraspheric
coefficient of odd-numbered degree. 8. The projection optical system
S AnGT6 S 6, S WAk the ‘Yoréat® Fafisttoris Eraped thdacrease
8ergurvatine againsta paraxial euned surface.as-the coacayver Jeflector,
becomes distant from the optical axis. 9. The projection optical system
aEBrdingte eritA SR o Whigtelt thie eBhvex refleetdr eohtainsat|clstones

along the optical axis between the light entrance surface of the first
optical system and the intermediate image.
(1) Si/Ls < 2
.5. The proijection optical system according to claim 3,
wherein conditional equation (3) below is satisfiied where SR1Z is a
distance along the optical axis between the convex reflector and

the concave reflector.

(3) SR1Z > |R|/Z
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rotationally symmetric and aspheric surface. 10. The projection optical
system according any one of claims 1 to 3, wherein the first optical
system contains one or more rotationally symmetric and aspheric
surfaces. 11. A projection-type image display apparatus comprising: a
light source; modulation means for modulating and outputting light 72
radiated from the light source based on a video signal; and a projection
optical system.far enlarged projection from a primary. i e surface.
loward the modLiator AN to.4 Setondary. image Suriace towarda -
screen, wieneitrthenpraojectior: optitalsystens includes: iadust yopticaktric
system that forms an intermediate image of the_ primary image surface;
aridid SSEORT Optitar 555k MITating E cORtaTE tefiddttr that forms the
secondary image surface according to the intermediate image, wherein a
light beam travels from the center of the primary image surface to the

center of the sE&vRFaBEIR&Ge SDffHee. Br63§Es Hiroptitad axds ofaHe first

optical S%gé‘?:@j:r{ei'e %cw?{‘o?é{‘%é%’:{‘&a%‘é% (eflector &@ES%%J“ 5 %?%if&'laaﬁ?
again, an reaches the secon ary |mag% surfa e; wherein the first optlcal

systamtand thecseepndraptieal Systeminelide surfages:-that arefficient
rotationally symmetric about a common optical axis; wherein the first

opficArsySterrisiths Hheree-

8. The projection optical system according to claim 6,
wherein the concave refliector 1s shaped to decrease a
curvature against a paraxial curved surface as the concave

reflectcr becomes distant from the optical axis.

9. The projection optical system according to claim 3,
wherein the convex reflector contains at least one

rotationally symmetric and aspheric surface.

10. The projection optical system according any one
of claims 1 to 3,
wherein the first optical system contains one or more

rotationally symmetric and aspheric surfaces.

11. A projection-type image display apparatus
comprising:
a light source;

modulation means for modulating and cutputting light
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intermediate image toward the primary image surface rather than the
concave reflector of the second optical system; and 73 wherein
conditional equation (2) below is satisfied where S12 is a distance
between the first optical system and the concave reflector and R is a
paraxial curvature radius of the concave reflector. (2) S12 > IRI/2 12. The
projection-type image display apparatus according to claim 11, wherein
the screen is transmissive; wherein the screen is disposed at the front of a

cabinet, that:Gontains. the light sgurce, the.medylation means, and.the, 4

73a projection optical system; and wherein the projection optical system
providesenfargedrprajection ervertre fransmissivesgreerefronvitsinear. &

13. The projection-type image display apparatus according to claim 12,
ot el B el R R
cabinet; ancrwbereistheresispramvded a plane mirror that is disposed at
the top of the cabinet, reflects light output from the projection optical
systerR&iftf-Befléét MGt 6 7as i fddch tHE tPIhdMISsive Screenl 18t

The prieclion:bipe imaog.disbia apparaiis:.acording o a3,
wherein the second optical system forms a pupil for the
primary image surface; and

a second coptical system having a concave reflector that
focrms the seccondary image surface according to the intermediate
image,

wherein a light beam travels from the center of the primary
image surface to the center of the sscondary image surface,
crosses an optical axis of the first optical system, reflects

on the concave reflector, crosses the optical axis again, and

reaches the secondary image surface;

wherein the first optical system and the second optical
system include surfaces that are rotaticnally symmetric about

a commen optilcal axis;

wherein the first optical system forms the
intermediate image toward the primary image surface rather
than the concave reflector of the second optical system;

and
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intermediate image onto the secondary image surface outside a light flux
traveling from the plane mirror to the transmissive screen surface. 15.
The projection-type image display apparatus according to claim 11,
wherein a light beam travels from the center of the primary image surface
to the center of the secondary image surface and crosses the optical axis

within"& GE&ftical Frare: tard vhetelirtherd i< provifedell&ctiar ks that
Jglects the.loht bearmhetwasn (e first and secand-gptical systarms.And
74 deflects the light beam within a horizontal plane. 16. The
aprojattorstypeimage display apparatust aceordingtoanycone of clams
r1511 to S7.5,fcc3tmgrisin égééea}:sejfoln%glarne reflector for freely directing a light
pa urefl%cteé1 onthe concave reflector; wherein conditional equation (4)
below is satisfied where 8 is an angle formed between the screen and an
outmost light beam that is directed toward the screen from a plane
reflectotZpositiShed imhiddiately before the screen and passes a position
farthest from the screen. (4) 0.6 > tan9 > 0.05 75 Abstract There is a
need for providing a projection optical system that is appropriate for
maintaitfing highiresplution avitholow: distotitiong eniniaturizing agetectons
decreasing the number. of reflectors, and decreasing the depth and the

Hotom'(sr t6p) OfaBisplay used for a rear projection television: for

exan“n@mrein the screen is transmissive;
wherein the screen is disposed at the front of a cabinet

that contains the light source, the modulation means, and the
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The projection optical system according to the invention enlarges and
projects images from a primary image surface existing at a reducing side
to a secondary image surface existing at an enlarging side. The
projection optical system has a first optical system LIl and a second
optical system L12. The first optical system L11 forms an intermediate
image (position Il) of the primary image surface. The second optical
system L12 has a concave reflector AM1 that forms the secondary image

swiface Jiesylting from the jatermediate image. A light beam travels from
the center of the primary image surface and to the center of the

secondamiimage suraceaiebtiosses ahcoptical=ads. Thevlight bedmrisec

reflected on the concave rgflector. crasses the oﬁptifcal axis again, and
he ransmdissive scree rom 1Ts "rear.

re%rc%%cﬁbogeggnaary Image suriace.
12. The projection-type image display apparatus
according to claim 12,
wherein the projection optical system 1s provided at the
bottom of the cabinet; and
wherein there i1s provided a plane mirror that is disposad
at the top of the cabinet, reflects light output from the
projection optical system, and deflect the light so as to reach

the transmissive screen.

14. The projection-type image display apparatus
according to claim 13,

wherein the second optical system forms a pupil for the
intermediate image onto the secondary image surface outside a
light flux traveling from the plane mirror to the transmissive

screeaen surface.

15. The proiection-type image display apparatus
according te c¢laim 11,

wherein a light beam travels from the center of the primary
image surface to the center of the secondary image surface and
crosses the optical axis within a vertical plane; and

wherein there is provided reflection means that reflects

the light beam between the first and second optical systems and
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deflects the light beam within a horizontal plane.

le. The projection-type image display apparatus
according to any one of claims 11 to 15, comprising:

at least cne plane reflector for freely directing a light
path reflected on the concave reflector,

wherein conditional equation (4) below is satisfied where
€ is an angle formed between the screen and an outmost light
peam that is directed toward the screen from a plane reflector
positioned immediately before the screen and passes . a position
farthest from the screen.

{4) 0.6 > tanB > 0.05
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