.SO05P1384W000 Title of the Invention PROJIECTI ON OPTI CAL
SYSTEM AND PRQIJECTI ON- TYPE | MAGE DI SPLAY APPARATUS
Technical Field The present invention relates to a new
projection optical systemand a new projectjon-type

i mage di splay apparatus. Mre specificall y,SQ%%l%D‘lWOOO
invention relates to a technol ogy that maintains high
resolution with |l ow distortion, provides a snall

dept h, and decreases the bottom (or top) of a screen.
BackgroFuRbdc Ardvdracent |y, there is an increasi ng demand
for rear projection televisions. The rear projection
tel evi si on hasPROEITEaNUCETICLL 4 EHTEMEREDI Si ON
represented by LCD (Liquid Crystal D splay)

di rect - vi BRP{ET AN IG R Ea AHAPDP T IS mA PPREATEY Panel ) .
Conpared to these televisions, the rear projection

tel evision provides a systemthat enlarges and

R 8eks ggfi&mge display element as large as

approxi mately one inch. Consequently, the rear

proj eehk Yreb8hMint @R i b raMalkalles dkwl W eest 8n cPt8 cal
rear projection television is relatively easily

spoted st a wetrlproderands- £ gpe Ainghe idisgeaguabbiytof . f Molre
HD (high definition) signal [|evels represented by BS
BrdddeastyngtBat énvenejonli gelates broadcdstabnglaay that
terrestrial digital broadcasting. On the other hand,

BHE tRERP N30l Lo 1OBIE\A st Oh I LR AT B Y kG Sy small
et and & Sl humpation optical system . and a
proj éction optical system e' rear ﬁ)r oj ection

tel evi si on 305P1384W000 uses a | arge-di aneter rear
mrror to project images onto a screen. FIG 62 shows
B aMerbuk@ oae: proj ecti on nethod so that an optical

axis a travels through the center of an imge display

- el enmeRecept land-lee recirseem i ge r ¢ctioroti g cgucta metdjedt ion
it is princi gal ly very difficult to decrease a depth
t§1&/dS408F 7 e TR oF e M@ IECEAPI OF e ke Hisdphafaat theh & e e
df PPag 21 2001 00 L DELS. L8 3Rl BL G PO COBLLER b sp1ay)
- 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 approximately one inch. Consequently, the
rear projection television is available at low costs. The rear
‘projection television is relatively easily compliant with
ZdemandsforhighimagequalityoffullHD(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,

aﬁdapmojectionopticalsystem. The rear projection television




obliquely projects inmages onto the screen (hereafter
referred to as oblique projection) so as to enlarge
projected inmages and thin the rear projection
television (to decrease the depth). For exa
No. 100312/ 1993pr oposes the projection optic +§%1y3;£{3$@100
that uses a wide-angle lens having a large field
angl e. The projection optical systemis provided with
an image display element and a screen shifted from
tdes pIof @etd icmetplrireal misysk e s dptidalkhgaXichtandd1ses .
the end of the field angle for oblique projection. As
E)Kbpé% edroip @ ReAl Nsno@0£18] 4993 nhehdd st tipriopectrtdeal
tical ‘%/stem internmediately forns inmage |ight based
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recently proposed projection optical system uses

dgfefd edbplaf it abld gaeepeopecti on so as to prevent
chromatic aberration fromoccurring in accordance

Wi th fendéhidyicqrowshere widevanghkse dfheppiopdcsyorem that
optical system shown in donmestic re-publication of
%Fquﬁf-ﬁrﬁi%&‘ﬂleé’ﬁél iTRgRS eakp o*ﬁlef BETPRR dffereafter referred

SOSPl 4\\D00 an cat ons 29bmai nly uses a
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tqlq&{peﬁ@%e%g geggf ufclfell%%gﬁ L9, de grg LEOE heoweh%?

proj ection ines the optic system’s

in dOHBﬁ%kﬁmﬁEePUbLA@@ﬂ|Iﬂh3@@/€§33b&$§8§@§k9@ rojection
publication for patent applications 1/006295. JP-A

NG c40326/t200nali sskosesiddrearpyle) Pats aavopyiLabrge field

system having no chromati c aberration using four

et PectTrespTol qaicieaoryicydl ¢eorresy prlov@d@dwel@ alandlame
arranged in order froman |image displa

dé&ﬁ P F@@Etfg 2 gayeeTRBI Gtd EaPm§9§tpéfﬁ>§e§ﬁaaﬁ opisical
SIS PRI PSR ST e 51
Omhagep@fgjégtlme super - w de angl e opt| cal system

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

The projection optical system shown in domestic

re-publication of PCT international publication for patent




JP- A No. 255462/ 2001 proposes the oblique projection
optical systemusing an off-axial optical system The
projection optical systemuses the off-axial optica
systemto correct trapezoidal distortion. Inp

addition, the projection optical systen1forﬁ§5%&§84wooo
i nternmedi ate i mage between nultiple reflectors m and
reflector ntolimt the reflector size (see FIG

65). As shown in donestic re-publication of PCT

ap Erdzatiionsalo0 1p0bE 2 eRink O f e Patenta@Pild SN ysten
W01/ 006295, theprojection optical systemis conposed
afarcbriyi vatioal ofyitrer conpexed eff ectaamvek anflédteor £ to
refracting optical systemg. Conpared to a

BT HRaPPOhTYR | P IR obhe T+ £ ioi§lépes cihe optical
syste the . proposed projecti.on optical_ system )
L eapdl 1L DR B R R PErabr S ABETY LET DR afignal
# t . - : t Y, refl ector
T R R s S ST b AL S
SO5P1384MON0. r ehpactime pPOWRN cBE8dSht0pbes decifased i@
some extent so as to appropriately correct the
i gteor haviname Cheonatpigeaber faicion abéngatduonrefhectors i
roj ection optical systen1inevitabl{ tends to enlarge
HEICEIRY exd rieonEekdr ¥ (gREVERLr édslelt eonymy) appranged in
Thj s _.not onl¥ nak%ﬁ_tge manuf act ure of _conyex
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bott OFREr AL EGSLELETANGE TRl e Ballnf! 32 8P)es ore
I n addition, applying thi's projection optica System
It&_aaibsam1pg9ﬂnﬁ@ﬂwaﬁcﬁ1@eﬁe%r_;9ﬁdar1%a®£§dISJLG:O%%B_ ique
(see reference synbol d in FIG 62). The projection

- roptiecal osystiey phowvof nhd Rudeowid0326f12008t i Ba5 siBten.
refracting optical@iysten1and principally causes no

chr omé¥t2 Bber?at4 o 208lnpegonosabsbhpt Pohi poT > jdgsion
to.a hsns, it is possible to provide an _optica

Bdfam cHpdiste v gh” Khiighihass. oriised onrstem.  The
refl s.are_used to configure the, K syste however
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and increase manufacturing costs. Since multiple
opefibert ®ysStem forms an intermediate image between multiple

reflectors m and reflectoxr n to limit the reflector size (see
FIG. 65).
As shown in domestic re-publication of PCT international

‘publication forpatent applications WO01/006295, the projection

. .optical systemis composedof 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




i through 1 are vertically arranged, the bottom of the
di splay (see reference synbol e in FIG 62)

hei ghtens. Increasing a projection angle for a | ower
profile enlarges the reflectors, especially @he | ast
reflector 1, making the manufacture of refl@Ctloh¥4Wo00
difficult. Applying this projection optical system to
a rear projection television further enlarges the
bottom of the display. The projection optical system
Seseidhed powePnbedl.to B 2RE H§@Smalextent so as to
internmedi ate i magi ng surface and has an advantage of
apmepimgtehg angtectandedetrseasicignt hedr efid edtaye surface
S05P1384W00 On the contrary, the reflector is
FReeaiitdred (HcntsiEgdecentriigry sabesn anpvhtabihetends to
remai ni decentered reflectors are used to correct .
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a rear” projection television stil Teaves “a
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Further, the reflectors are not rotationally

eSYNMBIE] 62)but Irareddobdh gumed viagf oiiis arbreet yon eyptiedl
surface. The projection optical systemtends to be
SHSTPM 5 §crsty meoisr tilve trkdvwicd cactwrraapearithe flepth (see
assenbly accuracy, nake the manufacture difficult,

TEETPAREE e 2P MafuAZcf GF i n?2) costs. The present
i nvent,i h een de in considerati £t
for egglh(%g.roﬁgc}plsor% ﬁ%n?le?aolr Y AOB Y 1B T é\loprqlebg’ezr? 2002

Hal3V @it ir%&rat:@iﬁ% OYdR8 RLAILR LR BPLHCAla1SYS amskhah,o
is appropriate Tor nmaintaining high resolution wth

dhavwmdic st ebltreatish Ni 8iHEk Zlobsarptebhecitrs Hecieadicny,
the nunber of reflectors, and decreasing the depth

- 1&ndst hesbotlomq erovdgy af epidicpl aystisedcdmable rofahigh
projection tel evision, for exanple. Disclosure of the
blrﬁ\sal@ﬁﬁ%ﬁ- T6186RverthacdB6FEcremToeedpEobtErigre the

Sprg%ecti%%v%pti%?l s¥st%p1 ccorg%n% to the invenniogh
- WREPTAdEY T oy (St SEPFERITC RS FRMS KEFY romEPgAYe to the
shQEQEgegécﬁIr%dmgg ﬂ‘fe %s@%wﬁgyadéé[ﬁ%% Bgfggcfeh relflector
exi sting at a“reducl ng side; na a second optica
aBWSE BB & B@nufacturing 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 reflectoxr 1, making the manufacture of
reflectors difficult. Applying this projection optical 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.




a concave reflector that fornms a secondary i nmage
surface existing at an enlarging side according to
the intermediate imge. A light beamtravels fromthe
center of the primary imge surface - 5 SO6P1384W00
to the center of the secondary inmage surfaceS?ePbi&EQ00
an optical axis of the first optical system reflects
on the concave reflector, crosses the optical axis
agai n, and reaches the secondary inmage surface. To
SoLNME cbherabpvendeati anes Pt abteMe @ N OL£¢dd 984 ¥RE ing
i mage di splay apparatus according to the invention
almettadden. arHd ghhasoungejedendelratii o INRARS sf @Fe used to
modul ating and outputting light radiated fromthe
TogRC s b dechrser whaheyiaeiorsi ghtilleastrfthrge reflectors
ggo%ection opt i cal iggﬁen1fpr enl arged projection from
DPERAFS- | ARGLYIRT fAdE RENHT LOROMDRAab ¥ BREAEANS TG
I i [ e_toward_a. screen. The L
T s AR R kel el el VY TRARAEY
- SSiPbhabe f ofdsy Al er ppdial,e JhaBger i i are not

primary i nmage surface; "and a second optical system
Tebatignal toneane drafd, eptier atdatod i etihec seeandarareely
i mage surface according to the internedi ate i mage. A
dugted peafacer avBlspirdartidreopehtat spitetheepdsnar e very
i mage surface to the center of the secondarx i mage

y

- BAFREL e rOEBBSS W ASiSt REGRTISY SNEf th@SPRIBLY afUresw -
system reflects on the..concave reflector, crosses the
A% e BErefielrt dnr e eninar e orAI T AgE T IS
Siface. According to the invention, the |ight beam
travels from the center of the primary inmage surface

t o t hehegiieenef idPentisecandataed ABYS SUkbasedeRskion of
crosses the optical axis of the first optical system
theef driegiotinbeamti iss threre froefel sendteik ctre ft Hhee oonGAMei nvention
reflector, crosses the optical axis again, and reaches
fhBrogko AT Srege eritkcadcay siran (tbaf s BRPEOPT ke for

ath, for example, . the second optical system upward .
Barsatatts Bie tfﬁastolrl%l%még 1Pt He S Oon iy 4 Tege 1ng
asfgiflae%%ofr'; %@c‘i:ggs%R&%Réln%%!c%f_re%le% %?%?%%\éﬂ eQ:reasing
the depth and the bottom (or top) of a display used for a rear

.projection television, for example.

Disclosure of the Invention

To solve the above-mentionedproblem, a projectionoptical
system according to the invention includes: a first optical
systemthat forms anintermediate image of aprimary image surface
- existing at a reducing side; and a second optical system having
-aconcave reflector that forms a secondary image surface existing
at an enlarging side according to the intermediate image. A

light beam travels from the center of the primary image surface




hori zontal |y di sposed first optical system The second
optical systemonly needs to converge a slightly
spreading light flux froma point on the internedi ate
image for the first optical systemonto a point on

the secondary i mage surface. Small optical paPFE38HIP00
be used to realize the second optical system Let us
consi der that the projection optical systemis used to
construct a projection-type inage display apparatus.

ta thbisenteases thels-e¥anpl¢.inkhe 22¢akd, Rbissak SYStEMal
may upward (or downward) output light that is forned
anis hef sewonfarst | smgealsuwykaen, f Fof ébes approxd nedelave
horizontal ly disposed first optical system In this
rehtRGton t Grespesstbe eckblgpleaxiy adeéneased arspaves the
needed for, the opt%cal systemthat is disposed at the

POtV SR Por™P86) 8F*2%e screen. A projection optical
syst e a [ he iny n ionrO LS cons&gucted far o
enl ar g]edgﬁf%?é:@fgi %Jér)lm%‘er %‘r%ng pr%%ﬁ)rybﬁrerﬁlgea PEOIFaEE" Typ
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surface existing at an enlarding side and includes: a
4 ilight gptircal; msysiamohhedarfs0faB maduil Bt ehgedidad e putddag
of the primary image surface; and a second optica
KidttepAbat o) Trosohtaid ohaf ety baskdt of gr medeébesignal;

se ondaéx |naq$ surface according to the internediate
‘?fﬁggePf QD BRIATEF RET ST £OF $hie? 185t Brodpctigne from
j j e face to the center .of the secondar
TRE IR e e A e P he AR A Spmeghs R 175410axy

QR JeC 8 BYSE @Bhyarhie |8GLEL0N _ﬂh%%f&f‘&@é’ﬁ:i g&lttﬁﬁééf lsystem

crosses the optical axis again, ~and reac
isedoddaty d MAge tSupt B6LL sAsRER] Edt AbrikPeni MEermediate
di splay apparatus according to the invention
impgleuefe $hepdimginy smage enr fimckil ahdansaeans cbatical Bystem
S05P1384W00 nodul ating and outputting |ight radiated
KRRty reidncter hasdean ek dsiryriaiageavd face
rojectiqn ti.cal systemfor enlarged projection
FERANnBRS TP RREES SR e FowaPd G DRBUGFAYF bR fxom
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The projection optical” systemincludes: a firs
sepbhaaty Sitel®Msurface, 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.
According to the invention, 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 beamis then reflected on the concave
reflector, crosses the optical axis again,- and reaches the
secondary image surface. Followingthis lightpath, for exanmple,

the second optical system upward outputs light that is formed

on the 'secondary . image surface from the approximately




that forns an internedi ate i nage of the primary inmage
surface; and a second optical system having a concave
reflector that forns the secondary inmage surface
according to the internediate image. A light beam
travels fromthe center of the primary i mage®&U3¢E000
to the center of the secondary inmage surface, crosses
an optical axis of the first optical system reflects
on the concave reflector, crosses the optical axis
R3iZntandy k8aphesa Ehest %99989%%&:@&@% T$UIJe268d dtical
the projection optical system according to the
dystent baby nddde to ghinvbegs 4 rsavehs 1 raimddi|e nged gt dflux
the primary image surface to the center of the
- fymgoadaeyn t g ahsuifteanealidter ovses fide thepfivsl oawtiisal
of the first optical system The light beamis__then
%%ﬂﬁﬁﬁéF%ﬁ“%ﬁP%WRPQﬂHH%%ﬁRPQQQQYéé¥%%eS”EF6§§es e loptical

tlcal ches th s condar mage
sur ace! %%“10%?%8 r?gp ﬁl %ﬁ SparhS the Fir & ot opti caf*
~¢§¥§k%ﬁh@%§et%QE”%hénperéé%fﬁﬂﬂéHéidaTaQy%QeﬁUEEaﬁged to

The concave reflector 1S disposed after
dontsetrnedi e ol BBl fig- S aneqgd Qilfs@rlayaerppama@as .oniit hBis
secondary i mage surface again. There is no need for a
‘dazege fooneavmpkeof Itbet epcond st ipedsishbéenongy odwdeda (or
| arge display that is appropriately corrected for
- dgereat) ot ERE LagRFbiRat é@ffPém%%tOQnﬁhﬁcﬁﬁcondarY image

f Th ti di
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i mage f ation neans nto the screen.

. d%@@@agbrwbpsac& m@eaéau%c‘xt 1IN obYRBal MG Bl SRIAYs disposed
apparatus can not only have a | ow profile and

- av mhat botzent her ko) onf (e tapjeenof the screen, but
‘also display an enlarged image that is approprlately
cor r eBtREP TRt igberPhidain syRdeBxdt e Ikinguip| Eherdnvention
.optical performance. Brief Descrlpt|on of Draw ngs
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.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 onthe concavereflector, crosses the optical axis again,

and reaches the secondary image surface.

A projection-type image display apparatus according to

“. the inventicn includes: a light source; modulation means for




projection-type i mage di splay apparatus. FIG 2 is an
enl arged view of the projection optical system FIG

3 shows eval uation points on an i mage di splay el enent.
FIG 4 is a spot diagramshowi ng |ight radiated from
the evaluation points shown in FIG 3 onto 203%}FRAN000
FIG 5 shows distortion on the screen. FIG 6, as well
as FIGS. 7 through 9, shows a configuration exanple

of a rear projection television together with part of

tho A i) S84 BLESSE ANk EE?M‘C q:%%l%tgﬁrﬁ%%cﬁﬁé’ § i %h8Wource

viewed from the rear of the screen. is a side

Wiy ol & vBids sagnant agged @&bge@@mr\/%p\tllewsmwm for
the projection optical system FIG 9 shows an angle
delaeen phejsctiesn fawth anpoihapgtimddegistirbearn towdidytithe
flux directed to the screen froma mrror placed
?ﬁlivécﬁtatoélryeanﬂﬁ FPonfeepniney depgemustage SyEPR8 ARG -

|G 10, as wel] FIGS. 11 ough
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points on an imge display elenent. FIG 13 is a spot
tth cage @ detrowi riegy el $ 1 s death @t reld nigrtent Hehen t ennaddiattiegmage .
points shown in FIG 12 onto a screen. FIG 14 shows
Rl sglor beon tanvehe fgonddre cIGr 95 thayrmryd@agﬁwrffﬁe

t hr ough shows a nfigurati on exanple of a rea
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secondary image surface.

Intheprojectionoptical systemaccordingtothe invention,
thelightbeamtravels fromthe centerof theprimary 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 reflected on the concave reflector, crosses the optical
axls again, and reaches the secondary image surface. Following
this light path, the first optical system once forms an
intermediate imaging surface. The concave reflector is
disposed 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 is possible to provide a large
display that is appropriately corrected for aberration and
exhibits sufficient optical performance.

The projection-type image display apparatus according to




projection optical system FIG 18 shows an angle

bet ween the screen and an outnost |ight beamin |ight
flux directed to the screen froma mrror placed

i mediately in front of the screen. FIG 19 shows
correspondence between conditional equation S¢ILHfFO00
associ ated portions in the projection optical system
according to the first enmbodinent. FIG 20, as well as
FIGS. 21 through 27, shows a third enbodi nent and

Qi llh@@ﬁtf’orpﬁgbgoéﬂeoﬁreﬁ)é&%n 8%1?_{@&@ g%@@elfnocro EEO] ect an

proj ection-type i mage di spllay appar at us. s an

@ gedrvéewhgf the poauestion Q@bh@abntolothe screen.
S05P1384W)00 system FIG 22 shows eval uation points
reanlingage diespirayecel ementpe Eh&ye 2Bidpslay sppératus can
di agram showing light radiated fromthe evaluation
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traj ectori es and provides a perspective Vview,

dpta@atl hpe f es¥mafcd.he screen. FIG 26 is a side view
FIG 27 is an enl arged perspective view show ng the
projection optical system FIG 28, as well as FIGS.
29 through 35, shows a fourth enbodi nment and outl i nes

BélﬁrfoPéé*FJFﬁ?FJGp’t icfalPrayseedn used for a
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%‘191 SBH%M%’?' Légt Ip%jeg#:mb d&btairr}:alm%g gél%pll.@/ for a
ement G a spo rams I gﬁ‘ﬂ

pradiedt egnf¢m tl'ﬂ"%ge display apparatus.

FIG. Zisanenlargedviewof theprojectionoptical system.

FIG. 3 shows evaluationpoints onan 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
light trajectories and provides a perspective view, viewed from
the rear of the screen.

FIG. 7 is a side wview.

FIG. 8 1s 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.




eval uation 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 exanple of a
rear projection television together wth part of

light trajectories and provides a perspecti v80yFkif4Wwo00
viewed from the rear of the screen. - 11

S05P1384W)00 FIG 34 is a side view FIG 35 is an

enl arged perspective view showi ng the projection

opticalrcsygems b 26128 Wel ltél OSEF%' 36AAr QUM ong

40, shows a fifth embodi ment an i nes a

i) BGlen®@N 2 HPt d1oAl i ne¥Sh e disR e ibar op i ¢ Djs§ekteANud P Eor

i mage di splay apparatus. FIG 37 is an enlarged view

ofpidiepriopetyponimgmd cdakplgyséppardduE. 38 shows

eval uation points on _an imge display elenent. FIG,

39 isFaGspéE H atft AnlereREnylew thediPaPagct @i atte cal

eval uation points shown in FIG 38 onto a screen. FIG
sfiows distortion on the screen. FIG 41, as well as

£ G5 pde. ! Roousl, 45,3 004E: & Sidtfte QPO MR AN sp1ay

outlines a projection optical system us for

drpje@et i on-type i mage di splay apparatus. FIG 42 is an
enl arged view of the projection optical system FIG
43 shews. edalisat spot pldkntsm ehosi ngMaigh tdr s¢l ayed from the
element. FIG 44 is a spot diagram showi ng |ight

- gedivatéant PemtheshaspaloafTon bbiante shewne¢m- FI G 43
onto a gcr?n. FI G . 45 shows distortion on the screen.
FIG 485 a5 vii1I"adipFegti9y thtdifgRcs6° shows a
seventh, eqhodifeng, and, gutlines g P{r?ioeu"ggq' oi‘sf,"p&h%% a
system used for ~ a projection-type i rage di spl'ay
ARAAGALHS i on example of a rear projection television together
with part of light trajectories and provides a perspective view,
" viewed from the rear of the screen.

FIG. 16 is a side view.

FIG. 17 is an enlarged perspective wiew 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 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 outlines a projection optical system used for

a projection-type image display apparatus.

FIG. 21 is an enlarged view of the projection optical

- 10 -




FIG 47 is an enlarged view of the projection optica

- 12 S05P1384WX00 system FIG 48 shows eval uation

points on an imge display elenent. FIG 49 is a spot

di agram showi ng light radiated fromthe evaluation

poi nts shown in FIG 48 onto a screen. FIG BBBhtR&ETC00

di stortion on the screen. FIG 51, as well as FIGS. 52

t hrough 55, shows an eighth enbodi nent and outlines a

projection optical systemused for a projection-type

sy@een di spl ay apparatus. FIG 52 is an enlarged view

of the projection optical system FIG 53 shows

eval uatliGon 2Roistbgsorvahubatrhge b aplAyon elrenaidge FiGplay

54 is a spot diagram show ng light radiated fromthe
{¥dt+i on points shown in FIG 53 onto a screen. FIG

55 sh%g% q%ftortion on the screen. FIG 56, as well as

FI GS. 57 tht 68ghSBOt SLRGFAR FIWERY Lialdaradtrtegh§rom the

QLI N98-3,BE 0L ECH AN ORI kGBI SYsLam used Lol a

proj ection-type inagé di'splay apparatus: FfG 57 is an

enl ar ged. vp evsindyd R sRERL €641 O QR ist@kenSystem FIG
58 shows eval uation points on an inmage display

el ene@IG. FI2G, 53 i seBl spet Ficagr @8 stiovddyth | 2 ght shows a
radiated fromthe evaluation points shown in FIG 58
g oargeieemxappGe B2 gieewsp th istaritnore levishensorgedher
Fl 61 shows, correspondence between conditional _
‘E&Ea?%’hof 11ght $55pE3RATPDD 214 Pravddas sRempegtive view,

Bhar ho%?O%n %Qgreﬁp%%c%bgnsoptical system according
to the four enbodiment c SCTEen-

FIG. 26 is a side view.

FIG. 27 1is an enlarged perspective view showing the
projection optical system.

FIG. 28, as well as FIGS. 29 through 35, shows a fourth
embodiment and outlines 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 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 62 outlines the general configuration of a

wel | -known rear projection television. FIG 63

outlines the projection optical system shown in

donmestic re-publication of PCT international _;

publication for patent applications W01/ 006g£§§.13§f1@00

64 outlines the JP-A No. 40326/2002. FIG 65 outlines

the JP-A No. 255462/2001. FIG 66 outlines the JP-A

No. 84576/ 2005. projection optical system shown in

pr oj ecti®n 3dptiscal ssystweimwshown in projection optical

system shown in Best Mdde for Carrying Qut the

| nventidh The ¥l 3veiea xest meyeperhevdesiewpdeodiorg the
arrying out  .th rojection optical systemand the

%F%' %% I|g° n-olp)l}ﬁiga?n'gﬁ%ée% spl ay apparatus according to

the i nventikgn W th reter t he acc anyi ng .

dr awi ngs ( s3§é %{:\%’ G";Sleillls,g g?{iganj‘g] gﬁfrf)%?ﬁt‘ﬁd;p Sﬁl)réc")‘rjseétpo%th

epbodaherty shaNb@tith felsGy. pFo Ptk &:f 8ht1B8) system used for

projection-type image di splay apparatus). The

- preyesddonepybe al msys tidmpaegosghage due .t he i nvention

enl arges and projects inmages froma primary inmge

T sur f acdS-exi’stf mp @nlendeduriing of déia prajsetondarytical

i e surface existing at an enlarging side. The

PYojetti on optical systemhas a first optical system

and a §eco |.cal stem The. first optical system
has a c%ﬁcg\%e%?ﬁe)k%egt‘%%?ﬁﬁ?nf%?]f‘r%tsanor} ter Het %t Pepiay
sr@mgat. 14 SO05P1384W000 of the primary i mage surface.

The second optical systemforns the secondary inmage
sur f aceGr exulisiangpdt Aayhem IHEIMGA AR +ABOSced Arom the
| i ght beamtravels fromthe center of the primary

§ tgonf aeents chdwe dentéé. 038 tdrsosecendasy. i nage
surface and crosses an optical axis. The light beam

i s reft8ct el TiPthEisbRERVRN @ It 6ereen.
FIG. 41, as well as FIGS. 42 through 45, shows a sixth

embodiment and outlines a projection optical system used for
a projection-type image display apparatus.

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 -




crosses the optical axis again, and reaches the
secondary inmage surface. To summari ze the inmage
formation, the first optical systemfornms an
internedi ate i mage of the primary inmage surf ... The
concave reflector then converges the image tggg%&qﬁgyooo
pupil that is forned as the secondary i mge surface.
The first optical system generates an internediate
imge at a |l ow magnification. The second optica
sysien enl arges the internediate image and forns it

as the secondary inmage surface at a specified

magni ffil&at k8n.shThe eptluatisyspemtdesoridedinaye display
domestic re-publication of PCT internationa
?ﬁﬁﬂ%q§ation for patent applications W01/ 006295

provi the.convex reflector wiith an. effect of

b ar g ShAG RSP SiReE S Rreh Bl R HE L ERvRERe

éx%fllu%?igfli gomg/agww% \i’hgﬁﬁﬂ e (& LohL beam The

use or on one convex retlector cannot increase the

—enl ar gegenso facdwy diskBet easidiy thke seppugX reflector's
curvature makes the aberration correction difficult

and diFgébles thevssuf BscBIf. 6ptitoalughpBs f aihiascen faiginth
bei ng obtained. To avoid this problem nultiple
THIRFEReRBf b to¥td 1Ry deudestion drtidausestae ywomefor
and decgease t he curvature of each convex reflector.

HARWEY EF E1 oY 'SRt 6 11P8P g 8 BRbUG I RPG L dit8Bose the mul tiple
: f 1 . i th ; | .
Syt ebTSPALR SaleHIE i S Ehen P ER REEL G optical

dyeftlgct or is used, by contrast, decreasing the
curvature hardly vignettes a |ight beam The convex
refl eEI6r B thewsoacaveatrief eetiorswodens thedkl elidplay
angle as follows depending on whether they are
gPegertoned before or after the pupil. (A Between the
pupi | _position and an inmage formation position
(secohtfar y % Hage R fageysm shewipnvdehieradated Wrdehse
field angl.e. %B Bet [ e formation
etp\)%gf‘l?%:%)%n EREErmS iogfle“_l;/ﬁ%e)%gaﬁg%gh% PUPTT" posi ti on,
- the CRI§ AV, %%EM%CBQEt&@Q§ﬂ§cﬁF%he screen.
FIG. 56, as well as FIGS. 57 through 60, show a ninth
- 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. 6l shows correspondence between conditional equation
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field angle. Even when the concave reflector is used,
however, there nmay be many optical surfaces between
the pupil position and the secondary inage surface.

In such case, the optical surfaces nust recej

| i ght beam wi dened by the concave reflector.%k¥ﬁgéggwooo
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,
tihe prdjamadicéntedminslonsy sherthagoordicngoh mwitieal system
invenéion uses a first optical systemto once

GERBT At o itheefREAF R ¥NM9dEFentThe concave reflector
is su ugnt | | ac to formthe, i mage as the
secongar y ??rﬁlglélglber? gg%geﬁeﬁ%ﬁeg{} L9 QT o2 e+ pknown

k8ar fgygfyhekglggﬁgﬂ5gned so as to formthe pupi
i medi ately after the concave reflector. In this

mannergrd.hesconcaves £ed lppehetthsn pRvenled, {fomsh8LAY% »
enlarged. In the projection optical systemaccording
dome el d meepubbhcatidn o$ peRfiertabnett ongdnsafiuettibe for
first and second optical systens - 16 505P1384W00
Phos apldcasigre FHR1at00684Py symretric about a
connogqut%?alt axis. Each constructive surface can be
for med easP Yy HompEP et PEOASFFLOR PREGFFE ST REROBR 1n

a0 axipabssuphace. It is possible to reduce
manuf acturi-ng costs and increase the surface accuracy

of eaclicConstdutatinkg & Haceec Ao o&aﬁ%iulaﬁ_’sy}é}%m shown in
excel l ent optical performance is eaSily avail able.

JAren Nonl $5a46Lng0 &t si ded concave reflector is used to
construct the second optical system it is possible to
decr edd€- theutdibes dfe poapenents candchirtieersahvewn in

ac s. A concave or convex reflector
%é5$-§§-p§é§2g/%@§%re and after the concave reflector
so as to further inprove the aberration correction.
The first optical systemis configured to forman

| nter medizglse. igRgerbovard e BLLIBLY 1IRAG s face
rather than toward the concave reflector o he
seconthepfeiadwisystiestries 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 an enlarging side. The projection optical systemhas a first

optical system and a second optical system. The first optical

system has a concave reflector that forms an intermediate image

._14_




this manner, it is possible to prevent the concave
reflector frombeing enlarged and forma | arge
secondary i mage surface that is appropriately
corrected for aberration and exhibits suffi

optical performance. \Wien the first optical §b§€£§ﬁ4wooo
fornms an internediate i nage, particular attention

needs to be paid to a tendency to increase a distance
between the primary inage surface and the
ohttdenpdiaty inage sukfeteasimg édichd dpsladCeyatsn forms
enl arges the optical system It is necessary to

Her F eeddariye mdigstsaryde chaewsdhinhiéréi tise inpe yowmliapesimeme .

% internedi ate image. As a target, it is
%iéﬁ Bgﬂ‘Eé‘mtt&aéfsthsfﬁ?m t&tﬁwﬂ?ffff%aﬁ t@a@gtlrﬂ@m(lﬂagﬁe?%ace

17 S 5P1384V[D0
TERTReBFeTREchs PeoR P L R e o Cseors hptical
& 54 angge bﬁltt_:}%ﬁ:eﬁegﬂelg 'J:resftle%meﬁc@ﬁ S g offgﬁ.ector,

internediate i mage. Wien the Ieft-hand si

coriesi timbpeftal ks (@hainl, Sargl eai€ed BAA RoggHAl iR ge

2, the distance between the primary inage surface an

T agecontP opiingal zs yrdtee inbee divesiak ooy, theefiopt icpalical

shtl%/stemremauns | ar ge_even when an internedi ate pl ane
Gegy Fos R 4 eragibrateninase of shamedmary émﬁgéj ssutfiags -

O LRl TEPEOSuns 10 e L NS SOV,

a pupiT- between

SRGONIAL Yrnd JBYELS ggéeﬁ&awlﬁg{,é %h@?%éé/ g%gmé G a1

path. For this purpose, condrtional equati

dieltew garsdrfiessat istbededi {0 iddde 2t R I‘M@{:ﬁﬂcalglbn

/2 is the focal distance of the concave surface, and
T8E2s e sondhepdii st Armes thet webarddre thasintsanrfeddatof itdte and
first optical system and the concave refl ector al ong
ftoﬁfélsop]tt"t caf &RPs sempedariie ‘gpdecatusiprremthas specified
o Ecto on the concave reflector's primary or

5@@6 457y ?hage surface, conditional equation (3)

bel o%ﬂ%‘%tptqgaiaé)jsscfe.&negésél%)be%l?}% cfomelgltllé re-publication
of PCT international 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. The use of only
one convex reflector cannot increase the enlargement factor.
Increasing the convexreflector's curvaturemakes 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.
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where SR12 is the di stance between the concave
reflector and the preceding or succeedi ng refl ector
al ong the optical axis. Wen the projection optica

system according to the invention is dispose
screen that fornms the secondary i nmage surfagggE€§%4ﬁ%oo
i ght beamclose to the optical axis reaches the
bottom of the screen and a |light beamdistant fromthe
optical axis reaches the top thereof. That is, a
| i ght Wheam consevd 0efldBoSD5RE334\M0Och herapt d€dteasing
axi s causes a nearby inmage formation position. A
thgyheubeing staastl vf romneliseopti dalghéxikeagaus dhea dauvex
i%ggﬁz formation position. In order to forman inmage
B oL PR WORREUE EHMAGTTt HedempUthesiTdRAr, andle as
t . be . canfigured so as_to decrease th
BTG PO N P o8 RodE o1 TR ERRS ltwes
wd geparation fromthe optical axis. That is, it is
necessary to provide a region satisfying conic
const gay Ketweenl.tHet pupiespesitildry adaskhabh@gd ord¥eration
approximate to a parabol oidal surface (K= -1) or a
- BRIl seconreey (Kage sukfackt , itheafdheekines lfeatot e dens
Q%Pjection optical systemaccording to the invention
§<&1d #8948 onal Iy symmetric and aspheric surface.

In particular, the i.mage surface curvature can be

f ool yELORTHEITRAT THESC naREE o BOS T bren | Citfecmesdate
it AWRE : r.edu F )

R e Pl da e 00 e Rl i ey ehe
fir0deahfo®. optical systemcan be realized. The
rotationally symmetric and aspheric shape is defined

by eqta¢n oipeh Bise faginlcews. r¢ Boguatorons 1iseld, =however, there
(h'/r)/(1+.f (1-(1+K)h'/r' )] +A4h4+A6h' +ABhe+- where Z:
Y P A RBUR RS Caftes i e Bipenatee Pupdl BESRIZSLMPDONe

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
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.
Intheprojectionoptical systemaccording tothe invention,

itispreferable toconstruct the first and second optical systems

- 16 -




h: Vertical height against the optical axis r:
Paraxi al curvature radius K conic constant, and Ai:
Aspheric coefficient of degree i. It nay be effective
for the projection optical system according
invention to use a rotationally symretric an&%ng&WOOO
aspheric surface contai ning an aspheric coefficient of
odd- nunbered degree. In this case, equation 2 bel ow
defines the shape of the rotationally symretric and
asphesicfsced ace roth EOoadl160Ms imef 13 ¢ about a common optical
(h" /) {1+ (1-(1+K)h' /r")}+A h+A2h' +A3h' +A4h’
2A5H: +ABRh-FonsTirueABhe sAGI 2 ¢ Amrs heviv rime deepritlivono@pared
above, the aberration of even-nunbered degree occurs
Hoe?t BT tR1HeGE Syddantinderatl offlegreel susface. It is
Istance.h fromthe tical axis, Wen there i t he
PoTt IR e RSP B Pe STnT K iR urnenei Gear =i heg tace
sUelang SHrYALUT EoRlL IOkl I AR T 250N, ACEHIS,  the
When the concave reflector is provided wth an
apps Npnitabe tasphepéd ef GashteCi endasi thediigheni on
aberration can be nore appropriately controlled than
usi ng ke asphetisimirf-aidedccanchyg tefleguati Dn dsed to

above. The projectionityfe i mage displ ay aggaratus
RRGTACHgt b SeEpRd ioRFé ARt G SEAB) Udess @dsisghie soudeekease

dul ati d jecti i cal t
& HBHGT 2t AR OBl D SR BT TR | e
i aéyn%ta%gv\%f 0&%&%@{ lrlegméc&?l'ﬁ rc%%’]gg;gfjaggc% ._bezf%re ang after

SO05P1384W)00 a vi deo signal. oj ection optica

S5 COAL 8N H AT ABE sPQ 8618 IIRIESHHF OB the BEd MBI on
i mge surface at the nodul ation neans side to the

seoeedaey.i mage surface at the screen side. The
projection optical systemincludes first and second
opt i cahe djgeénsertiivelf i vstteopticatosibrwrmd orers fapm an
jnterngdiate image of the primary imge surface. The

HECEAGIOBE T AP ISyEToRe phinEAVaT? SUFEEEBIAtREE than
SR LA ORISR SRR saRee et ot UM
this manner,. it 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 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 equaticn (1) below:

-

(1) 8i/Ls < 2
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the center of the primary i mage surface to the center

of the secondary inage surface, and crosses the

optical axis of the first optical system The |ight

beamis further reflected on the concave re

crosses the optical axis again, and reachesgbt%gﬂ?gmoo0

secondary i nmage surface. The projection-type inage

di spl ay apparatus according to the invention uses the

projection optical systemaccording to the invention

to projhect Bbs ismage fargmdobythdeimsdubpiicel BRanSm, Gihd

the screen. The projection-type i mage display

%tbp‘af'r dthgs digEenedi rREwesnt hhei Avest janticad mpstemland the
IleTcJow profile and mniaturize the bottom (or

i%iﬁr Ph& $BUP%en, but also display an enlarged

irmge)?%llg tt}llg l% rRQﬂ&%t eleyo% rhree%toe 1f::9c§na grglré%-ai icgn

and e Its SU I clent Optl cal per or mance.

LHRSLECE r USiaRto A AN SSItYR SEEES ke EQ@W@&{ €6l pfﬁnary
arranged at the front of a cabinet. The cabi net

- imgjeudesfathientdi ght ssotiid @ptlihal Dl bofor@ANSng ANt he
the projection optical system The projection optical
Wfsitoerh enPhrperTaids projectven nhgesanrincerhediate plane
transm,ssive screen fromthe rear. In this manner, it
rﬁ”s“p?&sélsb}l@e?ot%oﬂ"sotrf:ﬁﬁt the &kt -ection - 21
S05P1 0 l.eyi sion_showi.ng an ext.er nal .
Ston | AR eeEs G Bl R SANG, A0 SRR che Whvention
dawRiets! @ Idguihd yehrystal tﬁ{%n%on%ravg efEBEEQJ‘?r an!ietthe

us suppose that the projection optical system

sercevidded iatadehenfoideorn o £t bee£aby gatde @uidin ﬁ@@h of For
the cabinet, there maybe provided a plane mrror that

theifs| mmseugmndmxopaﬁ dauarnibhe( 20r b¢ Bot nost bptdadlsfied:
system and deflects the light so as to reach the

transifsst¥e sdRddd. 1 n th| s manner, the
i e L
aggig fsggz;l.s 'tﬁ%e&%razte g@&?o?griéeglggf drcf)%%ar}_! 1ihefI 1rst
dptavel isye thhomd figs @J)@éban-m«é fpéct&f_oameg Eﬁ@%ﬁ@héél \é‘-zls
screen surface. This increases the freedom of
di r ectheny tthee obkgbal patsheimnhbbea cadfilRetor! on agddl ttoarave
-rletflector's primary or secondary image surface, conditional
e;quation (3) below must be satisfied:
(3} SR12 > |R|/2
where SR12 is the distance between the concave reflector
andthe preceding or succeeding reflector along the optical axis.
When the projection optical system according to 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 beam distant from the optical

axis reaches the top thereof. That is, a'light beam close to .
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IS possible to provide a shielding unit having an

aperture at the pupil position where the light fl ux

is nost stopped down between the second optica

system and the secondary imge surface. This makes it

easy to protect the projection optical syste 400

dust and outside light. The |ight beamtravels from

the center of the primary image surface to the center

of the secondary inmage surface and crosses the

o ioph caXisxiw thifed d/aehirBRliml@neorhdt MY pBSition. A

preferable to provide reflection neans that reflects

1ihght ibghtn Hearabetfvesn theheptlest =adid seasas opidrcadlmage

systens and deflects the |ight beam within a

fromeatdrpabopl bel- PEBVveBEden tef folme arefiregei oh Hearssreen
S it possible to dispose the ogt|cal axis of an

| %H%f YH8P tE6nstPYLt IS ehe FPRsEY8hEFcAPedystamPe
at f Th
iR, b S o SO,

&OrihRrkMeatbora&ait Rech Lgetaa%tﬂbﬂlf%towm@@pekegg L
depth direction, i.e., can be further slinmed

TAcooid] nit: tie ﬁé‘l@es}ﬂaﬂ:jyetbl OretRe al f@g&arﬂb&ﬁhﬁﬁylng conic
apparatus described in JP-A No. 84576/ 2005 (see FIG
@BB)staplkae nlrrdt ig cspedispbgetksiaabhattwobe rmairdmg&atte
al nost. parallel reflects .against screen o.
Gi P?WowaécF?Bﬁa‘ifpt(chal ]s)y§treﬁ1 f%mesrbO&llgp%%%e (K <
qﬁp03|te plane mrror q (e. g. , at the bottom when
ane nmrror g is positioned to the top) . In this
mannef lg%%f@@{@we £bs tﬁsg&seésél&é {&T%GD ording
bottom (or top) of screen o’ 1Is ce cco |ng to
tchehpriajweition- ty R Haﬂﬁ:di:llwbiyyme&trli& afle sGpheedc
in JP-A No. 84576/ 2005, however, plane mrror q is
irdposed Ko dahvati ctiher putisimadeglstiriieaen abmosture can be
arallel reflects against screen o. In addition,
FEQOPERCobET callhdy SekarAtinpssdbipbeciecappes ithe number

BEPEHE BBRCORECE1 Spyo B (RBe IR SoPEdteet
1\%6@09‘8 Qﬁ&eﬂp h—%&%@% gor]gcgibc?r( c%%:.@al & stem can be

projection-typ Spfay apparatus by
fdeleibest om (or top) of the display

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

[Equation 1]

Z=(h/n)/I L (=(1+K)h*/r?)} -+ Ad-h*+ A6 -h*+ AB-h+ +«

where

“Z: Sag amount of the aspheric surface.
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small, it is necessary to slightly enlarge an angl e of
outnost |ight beam p agai nst screen o. The projection
optical system as shown in JP-A No. 84576/ 2005 uses
many curved-surface reflectors and therefor

decreases the freedom of bending the |ight ggﬁ?%38ﬁﬂ9°0
depth of the projection optical system cannot be
decreased. It is difficult to further slimthe
projection optical system The projection-type inage
di spl &y appariaiaus hatght adiids® thBeophAVEeNt ifisi S
provided with at | east one plane reflector for - 23
S05P1384\We0ksdiadiectirmgttihe dadghs path after refl ected
on the concave reflector. Wen the plane reflector is
posi t FonetPHifmegratanry: bdtbre the screen, |light beans

are reflected fromth | ane reflector to the screen
of thg%é I‘:Z}Sd% erﬁ&aﬁﬁ?&ﬁ%l ﬁ%sfiegfﬁ‘ﬁtlbeam passes

th | td LSt :
e L e L e S R

agRidishgt e therefntibhec Plekest-bentt ypg1 i )g@gﬁmgit_ﬁpé awnd
apparatus according to the invention can be further

siphemed byusidesf gonga toindy t monahsplespiat | anefd)cle: >of
tanO > 0.05. The fol| ow ng describes enbodi nents and
Gidrermeevad e greeanplesthefs chee projuadtiioon 2opel ealdefines
st enand e proj .ection-type inage display,
-t%psgﬁﬁ’%softag%r% 320G TPEHER 6riah SpRRFRbs surface.
detaikE&@% wﬁggﬁrence_to the acconpanyi ng draw ngs and
t abl es. Irst "'enbodinment) FIG 1 outlines the entire
optical systemof a projector (projection-type inage
di spl ay apparatus) using the projection optica
system according to a first enbodi nent of the

invention. FIG 2 shows an enlarged view of the
préj=ethi/ol Gpt Vel - (Sy- &0 biv r*dint Bilie hat Agr-amii A8 ulstr Atdi-hg

the first enbogdphgepsy /f’é-hdm@t-%gaﬂai-m%éﬂﬁﬁay-

el ement as the nodul ati on nmeans. Based on a video
signal, the inmage display elenent Pl nodul ates the
light emtted froma |light source (not shown) to form

the pid maky.nl TAge SULERGE- ThephyRge JisSPLAY SleMENt of
Pl can represent a
even-numbered degree occurs due to the term of odd-numbered
degree, i.e., distance h from the optical axis. When there is
the term of h®, for example, the two~dimensional image surface
curvature or distortion aberration occurs. When the concave
reflector is provided with an appropriate aspheric coefficient,
the distortion aberration can be more appropriately controlled
than using the aspheric surface according to equation 1 above.
The projection~type image display apparatus according to
the invention includes a light source, modulation means, and

a projection optical system. The modulation means modulates

and outputs the light radiated from the light source based on
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reflective or transm ssive dot-matrix liquid crystal
panel, a digital mcro mrror device (DVD) , and the
like. In the diagram PPl denotes a polarizing beam
splitter (PBS), a 4P prism a TIR (Total Interna
Reflector) prism and the |ike. STOP denot esS05B}384WO000
S05P1384W)00 a di aphragm While the projector needs an
illumnation optical systemto illum nate the inage

di splay elenent P1, the illum nation optical system
Lsvoidd tadnnom iy ' iofN di

show ng t%% first iﬁ%ﬁé?ﬁéﬁ?e €?$ﬂﬁghg%§§%§ %??%%E% and
ppbieals sysjenreanphsedinbra inabeatirifage @pticabdulation
el enent.. L12 denotes a second optical system conposed
Btans cddeave thef FecoutamMimaFhes prigicecti orheoptireah side.
system is . conposed of the first optical system Lil

RIPERecSktUhaPbpEd b aysteydpehttas fangt gudaacakecrtical
Li ght i i sur. f ' - nodul ated .by th
S0 PR L1008 U1 SR, bROE Mo Ahed DY e e
HFBAR (SEROPFAI Y, &%ggfée%fa%)e QQC{;&? oHi®8R Shstem has

That is, the first optical systenii orms an

a nd@idmad ale® lelBge tRdt POSind Ahd lsdddnBhGy Znaddi@surface
image is then reflected on a concave reflector AML of
thwosecontl thyst i cod rrsyrStaem dRyet.o Aorimha pegpn kravabhgerom
that is then forned on the screen Si. As shown in FIG
the (Ratpespbciha #rdpere almads pagéacefte Hdeprapees joh the

optical systemare rotationally s tri.c gbout an
BRI a A TS AR L Cor e GE 0573 BROKR iajeasis oF the
fi@tcebﬁgzcgp used and &Eﬁagfkpga% 18 8o PRLE 0L 48
concave refTector AML of "t he second op i cal system
dHle?.cobtlahe keghowsofat & Js@lesNURRI bptYahleaexamlAnl @hd

applying specific nuneric values to the projection

- wogHdheal thystemndeagoridiang sorfdree first enbodinment. In
the follow ng tables, surface nunbers are provided in
ascendhAPreigetipnrevae ipagg disphdy swprematpgmorcheding to
-rinaré i rage surface (disFlay device) to the i

e ohY PUOREGESSHIT RL8IEPF b OPEd CRARYE it pEERTII QSO
'%IU%: %g\feﬁl}%%[gog(g plr%j gLy&n itm%gtehP (o) Jgrrltee}:Pg{z g mocfuwgtiljxq mFeha%s
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
an enlarged 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 a 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. 1In

this manner, -it is possible to construct a. rear precjection
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S05P1384W000 radius row i ndicates that the
corresponding surface is flat. The refractive index
and the Abbe nunber are applicable to the glass used
for the primary i mage surface containing the_f]|at
surface and to the e-line (546.1 nn) . The iﬁé%P%?% 000
indicates the size of a diagonal line contained in

the projected inage surface. "E" represents the
base- 10 exponenti al notation indicating an aspheric
cabdfiistioans hobtePi3 840G {1Tabke siniSerees tHargenad ‘flat
52.7 inches Nuneric aperture at the display el enent

t5g ki sG.0204 s Suy facewrpmroéi Car Vaquwide crystal panel or PDP.
radi usl nterval G ass (e-line refractive index/Abbe
numbeFPTEREHI &9t S eTvBROSENEE, Govr sRiidden optical system
11 NF12..00Q1. 83962/42,8 2. | NF27.3001.51872/64.0

5 NEL 3889430 S5 56RSB04E B £PRONGt 0. Doahhe IR B TaGHe

Q7 4 < ” . :
i3I8 S0 B L A pleBlnl i 0t o dsrir dg
&ﬁ:plﬁlﬁﬂﬁﬂslgé-p§5§eé-tli&ﬂoﬁ-@i7ééllls§§g&ﬁ 844 84£383:6s the tight
1230. 6323911. 9221. 49845/ 81. 2 13-31. 421850. 200
s -a32 450283 T2E1L 8448433 v screen. In this manner, the
1536. 458388. 4801. 85505/ 23. 6 16-58. 8400817. 579
Y csiitaghT NR2y 1page 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
‘may be formed outside a light flux traveling fromthe planemirror
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 is most stopped down
between the secondoptical systemand the secondary image surface.
This makes it easy to protect the projection optical system
against dust and outside light.
The light beam travels from the centeﬁ 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
to provide reflection means that reflects the light beambetween
. the first and second optical systems and deflects the light beam
'within a horizontal plane. Provision of the reflection means
‘makes it possible todispose the optical axis of an optical member
constructing the first optical system parallel to the screen

surface. Theprojection-type imagedisplayapparatusaccording
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1743.9745410. 5531. 57125/ 55. 8 18-1904. 7219212. 159
19Aspheric -1403.579527. 0001. 49357/ 57. 8 surface
20Aspheric 135.843250. 300 surface

2132. 7851412. 5081. 58913/ 61. 3 2244. 757999. 839 05P13841000
23- 56. 045142. 0331. 83930/ 37. 1 2443.9199822. 513

25-49. 883099. 3441. 49357/ 57. 8 26Aspheric

-40. 64674320. 000 surface 27Aspheric

- 85. 89587-439. 276Ref | ector surface Projected i mage | NF

salrifhac enk@o7Pon 3338830 Glthe AL n24106E-QbAGong the depth
1. 10518E-08 A8 1-4.79662E-12 K-65 0537440 S20.
PYrecGPNG5E- 05A6- D 266FHELDOr ASE HuB@IB05E- 12 K- 1

According to the projection-type image display apparatus
described in JP-A No. 84576/2005 (see FIG. 66), plane mirror
. g 1s disposed so that outmost light p almost parallel reflects
~against screen o. In addition, projection optical system r is

disposed opposite planemirror g (e.g., at the bottom when plane

. mirror q is positioned to the top). 1In 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 attempt is made to further slimthe projection-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 projection
optical system.

The projection-type image display apparatus according to

the invention is provided with at least one plane reflector for
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1618060 S26. A41.08919E-06A6 -9. 68945E- 10

A86. 42182E- 13 K- 2. 6454840

S27A4-1. 17532E- 07A66. 31776E- 12AS- 2. 93186E—16A&0 I
8.80773E-21 Al12-1.55073E-25A141. 18177E- 30 -
S05P1384W)00 According to nuneric val ue exanﬁP3P5384W990
i mge display elenent Pl has an aspect ratio of 16:9,
cont ai ns 1920xl 080 pi xels, and sizes to 0.61 inches.
The image display elenent Pl is enlarged to 52.7

# NEdESi rfg0h PI DFIECHA e £ TEMEr SETERI G APER BbBcad oM b Adr .
object is 0.204 (equivalent to F nunber 2.5) . The
Pherelthsi phanes rafprokdmatsepys 7t inmnl Lheed tmge ydbspbay the
el ement . P1 and approxi mately 0.608 nmon the screen
gfreqn,Glight pmrsaaspote fdiea§rant 5t thRepbnsj sefleptor to

R e e I Eto i el HhaRb st i?gﬁﬁ?o&a@wasses
&H@ug%hgygﬁ_@lgh%o%ﬁfoélsﬂjé(rﬁ?f@ﬂ% %[:18 SCZQ.'I_S El;:t Iﬁ/eet[ és assume

generated from positions

 tmgendi Splaysehegrpt 0 Fl f |
wavel engt hs asr e16§g 2b8£rﬁnm%96%% Aolﬁ{rll mé;t aS%Gmgst E?ngrkc%&e& )

Ty pandecd8&n-8dypemiande ad espgiayeapper ghis a2co2difdy 2 the
1, respectively. The scale for FIG 4 is twce as
traregd igs eaB PPxénrerex hel igwegehy SitiAfyshowpondithiogal
4, the suff|C|ent i mge formation capability results.

S OR/N (fh @4@5>E§anﬁo>r%n%§kable i mage dlstortlon is
foundTﬁQd J)ffoél%ec{;d%ls%ggb gp fﬁ% n[tgsgl'las umerJtC value

di spose the proj ection optica sys em accor di ng

dUHFRI1 k6 o, @5kl 8n %ptﬂééﬁgjﬁé’&@n &ﬁ@tﬂ@hr%ﬂ@tﬂfn—ttgge

rear projection tel evision e projection optlca

isnegicedl NeBOs apparbheus arpactedg s takdimgddien ighturther
ath on plane mrrors MVL1, MV2, and MML3 as shown

qtaplas therafgrncd G hebaananFarghow dransiguehid dreples .
elaborately folding the Iight path by disposing the
pl ane ‘Frt ¥ ormadE3 58t heen the projection optica

2%? mgngef)v\gfhg%%ggg e%]tl%%doéplecrﬁ_l gggtgr]nrorfoa prl\c/)'\;ﬂe]étor
(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
denotes an image display element as the modulationmeans. Based

on a video signal, the image display element Pl modulates the

light emitted froma light source {not shown) to formthe primary

. image surface.. The image display element P1 can represent a

reflective or transmissive dot-matrix liquid crystal panel, a
digitalmicromirror device (DMD), and the like. Inthediagram,
PP1 denotes a polarizing beam splitter (PBS), a 4P prism, a TIR

{Total Internal Reflector) prism, and the like. STOP denctes
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first optical systemLIl and the second optical system
L12. The - 28 S05P1384W000 |ight beamtravels from
the center of the primary i mage surface to the center
of the secondary inmage surface and crosses the

optical axis within a vertical plane. In this/¢astiwo00
the plane mrrors MML1 and MML2 refl ect the |ight

beam between the first optical system and the concave
reflector AML for the second optical system and
saf hgetadhe Whghé thedyosetbibl r2herdz 0Nt dhinRlidf®ptical
When the projection optical systemis disposed at the
Pottteam bd tildumabatet thborirexanpiiesplide plamentm PLOr the
MML3 is disposed at the top of the cabi net CABI,
Fefeers lpReontight BateR is fordftedd pomof Eet - dn 2opand ghe
_ s%ftem_ and deflects the Ii,ght SsQ as to reach the

YTtFe M EPIARF NN ANEi GLITT HPRETEREWN in FIG 9,

the plL%E]L emoq:regra flt%?oﬁ%:ﬁ'cggesg’r% mfc%lm%otsg é)lfi g%%frpa%ttQ_ng

so that the outnos e orns an

ARAICAXT 8Bt 8. 1A dedhees 208ENE obRec8Es88Rem ddhposed
this manner, the apparatus thickness can bé 200 nm or

dfesscoarird me fdespdayMiot t e pabtconicarodidcalbdystem is
FIG 8 partially enlarges the projection optical

- ayosed ¢hthp@d.rsé epidical Thetgn 6flécridobhe ppeohdumgpd ical
di spl ay apparatus, according to the first enbodi nment

YSLE et Py IPEeES nghehe 1oPght (RFdMRTYsiimgget rairtace)
pl.ane_m.r S MML2, and 3., The. invention is
FeBBub 8 B e 2be0e. dERei iR Sanelroll BF 1T dckger

e
e above- ne ng

§1h€o|ﬂc9:m a}ﬁ’qmge Fs@co%ﬁ@@lﬁnad.et _sngaaﬁ Bflecfh%r 9@%@91{ Q7.
di spose a plané mrror in" the first optical system

THdt. i Futhder rsanpthesl pl,anem Ml I rfRhmsGan e riiedpasedmage
bet ween the plane mrror MML3 and the concave

atefd sidtion JAMIn FTRe 2s eCUredimgitd tathsyseéheddd bnprmenaave
pupil AP1 (i.e., - 29 S05P1384W00 a portion where
Iﬁ#ﬁeprcgﬁtf* b} g% the 86R0RE g cehatYF g ldnto form a pupil
dnterpediate inmage for, the first optical system Lil

- imggeg }ln%fea‘ls tﬁlengﬁormed on the scree% S‘f. Asys own Lin E‘(_)[e
2, the respective optical surfaces of the projection cptical
system are rotationally symmetric about an optical axis AXIS1.
InFIG. 2, abrokenline indicates an unused and therefore removed
part of the concave reflector AM1 of the second optical system
Liz2.

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 1, 2, 3,
and so on from the primary image surface (display device) to

the secondary image surface (projected image surface). No

surface number is given to the diaphragm. "INF" in the curvature
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Si. The pupil APl is formed outside the light flux
fromthe plane mrror MML3 to the entire surface of
the screen Si. When the projection optical systemis

di sposed in this manner, it is possible to provide a
shi el di ng box PB between a |ight flux direcgggP}ﬁéﬁﬁooo
the second optical systemL12 to the plane mrror

MML3 and a light flux directed fromthe plane mrror
MML3 to the entire surface of the screen Sl so that
theidd gty Lhaxcdlideehed thd dd18eSpbB8MNSDIs1RERSESis flat.
t hrough an approximately m ni num aperture T01l. The

B glediragt box iBBexcanl phetidie hheber gjrecdpm captliecab the
system (i.e., the first optical systenlLl| and the

g #s6pt Fehl thes PEiBaTY 1agrgaunsace s bginhagt the flat
bl ocki n ff e prqj e video light. Further, the
A %agbto%(%%léo ek o6 bR o g BfR sigRtErdifgtes
' .t he i het I i . Eqr 1R! t.h
U e po per e an BE BhTe te ls. BB TR o oo
- beifge.reflectegh@Rehbs eaBCAUGLEH! €GHORe M 10T diE 1on
li ke of the second optical systemL12 to becone stray
inghtatdmg degamderike coentiasént of the video projected
on the screen Si. (Second enbodinent) FIG 10 outlines
the entire optical systemof a projector
(projection-type i mage di splay apparatus) using the
projection optical systemaccording to a second

enbodi nent of the invention. FIG 11 shows an

enl arged view of the projection optical system In the
diagramillustrating the second enbodi nent, P2

denotes an i mage display elenment as the nodul ation
nmeans. Based on a video signal, the inmge display

el ement P2 nodul ates the - 30 S05P1384W000 |i ght
emtted froma |light source (not shown) .to formthe
primary image surface. The inmage display element P2
can represent a reflective or transm ssive dot-matrix
liquid crystal panel, a digital mcro mrror device
(DVD) , and the like. In the diagram PP2 denotes a
pol ari zing beamsplitter (PBS) , a 4P prism a TIR
(Total Internal Reflector) prism and the |ike. STOP
denotes a diaphragm Wile the projector needs an
illum nation optical
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systemto illumnate the image display elenment P2, the
illumnation optical systemis omtted fromFIGS. 10,
11, and the other diagrans showi ng the second

enbodi nent. L21 denotes a first optical system
conposed of a refracting optical elenent. L33 HEABIEY0
a second optical system conposed of a concave
reflector AM2. The projection optical systemis
conposed of the first optical systemL21 and the
second@phkcal system L22 and guides the |ight
(primary imge surface) image-nodul ated by the inmge
skiregpldayoral: enent P2 to the screem7iwhet 0 T OFr M an i mage
wesgio ppkAng ai thadisplay glefaatelde:on t he2ecreen S2. That i s,

the firstoptical system 21 forns an int

ernedi-ate
Burtsgenunttr [POSi ti on |l Curiaturédales | 10 Irend 11. ig%(mfﬁg"é’rag%f
Bi’?@é&é[‘rﬁeint cted—ona—tefteetorAMEof—the o\,w.._fe umbsr
op sh%i Ssylstem L22 [to fdNMm a pupi l22i1ge that is then
formgd on [TNe STTegn SZONgS STOWT T8 ood T G 1Y 536d35 5
respective optical [Surfgges of |[TNe Hhegp €Cli 0N 5190640l
systemard rotational Ty jsymmet {1 c agosd an opti cal
axis4 AXIS2. In FI G 1l1s1.ge6kr oken T 6369 | ndi catsesiaam.2
- Lunuséd and  _t herefare-eshtsvedd part of3od heé concave
' refl 8ctor |[ANMP of the se¢b3%E54 opti call.88yvsi{em 128914WaBI e
‘12 shéws data for nyneril®8.87423je| exanBi?@0 2| of applying -
© 31 805P1384WD00.speci f#6188/reri ¢ vaBlkes |t o 11188930/37.1
S _p.r_gi_ég.g_g.p_g.p.u_ga.l_ ' 188& chr di A8-98%h {he J48%H0.2
7 Lemboment [ Table 2] &394 dl agond56 Nlneric
apeture—at—the—di sp!'ay’§1 ot o gdGo1 g ; 1511847330
n nr\12 Qpyre—f AaHda .f-r‘...,-3g.-. 3239: o ;9 atyvral %43&1 /81.2
b STl Pt b Sl {7 (- il Ml 2 B Dl
\E'I14ll? rgrractirveT l ”u‘zﬁ.ﬂﬁﬂf IUIIUClL)rz“JI D[JI ayl 8?182,3§Bt
NP4 LUU TSUT T Ate 36.45838 8.480 1.85505/23.6
16 - -58.84008 17.579
Diaphragm INF 47.218
17 . . 4397454 10.553 1.57125/55.8
18. -1904.72192 12.159
19 - Asi‘;?air:’ | . -1403.57952 7.000 1.49357/57.8
Aspheric
20 surface 135.84325 0.300
21 |- 3278514 12.508 1.58913/61.3
22 - 4475799 9.839
23 | -56.04514 2.033 1.83930/37.1
24 43.91998 22.513
25 R -49.88309 9.344 1.49357/57.8
2% - Aspheric 40 64674 320.000
27 ’;i‘;?aec"éc - 85.89587 -439.276 Reflector
Projected image
Jsurfac:e 9 INF
o1g | K | 2679.3838430 :
A4 | -1.27105E-05 | A6 | 1.10518E-08 | A8 | -4.79662E-12 |
o0 |K | -66.0537440
A4 | -1.04155E-05 | A6 | 9.26604E-09 [ A8 | -5.80805E-12 |
so6 K -1.1618060
A4 | -1.08919E-06 | A6 [-0.680945E-10 | A8 | 6.42182E-13 |
K -2.6454840
827 | A4 | -1.17532E-07 | A6 | 6.31776E-12 | A8 | -2.93186E-16 | A10 | 8.80773E-211
A12 | -1.55073E-25 | A14 | 1.18177E-30
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11 NF12. 0001. 83962/ 42. 8 21 NF27. 3001. 51872/ 64. 0
31 NF6. 050 448. 0264612. 5791. 48914/ 70. 2 5- 149. 378200. 300
6470. 903474. 8691. 48914/ 70. 2 7- 141. 590992. 024

851. 426108. 4291. 49845/ 81. 2 9-121.512921. 377

10- 70. 775242. 1581. 81184/ 33. 0 S05P1384W000
1131. 3688612. 9701. 49845/ 81. 2 12- 34. 280970. 200

13- 34. 245471. 8721. 81184/ 33. 0

1439. 692788. 7241. 85505/ 23. 6 15- 67. 6594122. 810

Di aphhagst iy +69Quibiile 9214210001 4894 TRade displa
17-287. 769557. 924 18Aspheric P 3 pray
diekbn33087as H083pdO8bat EyoB16us f a6Rt dDNASPHEIHIDE0 pixels,
118. 540470. 300 surface 2032.6019714. 0001. 48914/ 70. 2

T Bi3Pg86P0 0098 2pches 40T2321005¢. dyepldviRlpment P1 is
2 44.9§476%%.707 24-52.5133210. 0001. 49357/ 57. 8

SHAIGREN TR 242, 31AOB ISP IGT TR 2BMS PHBRFLC aperture

Eéﬁér%oégsééﬁ;ﬁJ%%R%tEggtfgquivalent to F number 2.5). The

- pixel size is approximately 7 pm on the image display element
Pl and approximately 0.608 mm on the screen Sl.

FIG. 4 shows a spot diagram for the projection optical
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 P1 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. AsshowninFIG. 4, thesufficient image formationcapability
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 feolding the light path on piane mirrors MM11,
MM12, and MM13 as shown in FIGS. 6 and 7. FIGS. 6 and 7 show
constructions of elaborately folding the light path by disposing
the plane mirrcr MM13 between the projection optical system and
the screen 51 and the plane mirrors MM1l and MM12 between the

first optical system L1l and the second optical system L12. The
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surface Projected i mage | NFO. 000 surface S05P1384W00
K-51177 61327 S18. A4-1.27130E-05A6 9. 95420E-09

A83. 65754E-12 K-69 92292 S19. A4-9.59429E- 06A6
7.57585E- 09 A8J-3.71822E-12 K-1 018512 S25.

A4- 8. 25367E- 07A6 - 1. 07783E-09 A85. 13364E- 13 ROZX B0
S26A41. 08108E- 07A65. 56005E- 12As- 2. 48459E- 16A10
7.20728E-21 Al12-1.22716E- 25A149. 07427E- 31 The i nmage

di spl ay el enent P2 has an aspect ratio of 16:9,
COH@AHESm k30X 1080 i Xed SendBE o 268 pEQmQrf:kIdagﬁth&face
The image display element P2 is enlarged 67.9
taahes ckate praf etk seconddey AuABEI Susferd uhe toyedds ahe
object is 0.204 (equivalent to F nunber 2. 5) . The
pitdaialspzes v thpproxemtii ety vlameon Ithéhipegpse dikplrdypne
el emrent P2 and ap rOXInate1§§%é 83 mMm on the screen

rgor ronsMy B agdoMiEl 5 rehbec i HYlak b5 %@t"ter?“nﬁlﬁ%rﬂlést
mg%d%%l %?%@?'eaﬁﬁ thésfg%égﬁgaﬁgffééﬁq %ﬁgn r §£e second

rough ¢ §pot ~df agrama

diasipeat ln%lgté/m QeRes & R LAM 1 RAS HeIRSy i er%ﬁrkontal

(15) on the 1 nmage display el enent P2 shown
piZzneRef g € et eWaye] eRGidns opt €cHDGy2B efnl 13 cﬁ%@osedrma the

_.éﬁﬂioﬂ?of the cabinet, for example, the plane mirror MM13 is
disposed at the top of the cabinet CAB1, reflects the l1ight output
from the projection optical system, and deflects the light so
as to reach the screen S1.

FIG. 7is a side view. As shown in FIG. 9, the planemirror

MM13 is used to fold the light path so that the outmost light

- . beamforms angle 6 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 projecticn~type image display apparatus according to
the first embodiment is compacted by folding the 1light path using
:the plane mirrors MM11l, MM12, and MM13. 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 L1l. Further, another plane mirror
can be disposed between the plane mirror MM13 and the concave
reflector AMI.

The second optical system L12Z2 forms a pupil APl (i.e.,
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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 imge formation
capability results. As shown in FIG 14, no SY2F1384W000
remar kabl e i mage distortion is found and t he

sufficient capability results. To dispose the
projection optical systemaccording to nuneric val ue
expopt Bor? vimkgledehthei gabi NBix GABZdifvelrB8d | €Bfat forms an
projection television, the projection optical system
n@’e@snetdgatbetmwpﬁoi’emb byr$obdingal hestemght 1 patthheoscreen
| ane mrrors M1, - 33 S05P1384W000 M2, and MWR3
g% sABENPTRLFIAES, 135fapmed eutEids. the Jmﬁltlélushﬁwm the

nstruction f. el boratel fo d|n t he I ath by
|aérbeo§nﬁﬁﬁ #3’1&%%5 ﬁlerl}t&'re étﬁ‘etf’] Jgéct i"gien

opt 164 c8YSh B t@ggﬁgﬁeﬂﬂﬁﬁgén g{ne tl%“ﬁ?nner, it

mrrors MW1 a et ween t

By $loeBt b2d taﬁgrwﬁd@%cgngepﬁﬂgc@bxswb@%eé@?a 1Ebfx A6k
is a side view. As shown in FIG 18, the plane mrror

M3 tiegl frsad the Fealotdt dyerddaghs y piadrin LD tichelie bll@ne mirror
outnmost | ight beam forns angle O of approximately 9.8
et e aghidst fluKedseeeiasl fremt hhe memsemirrhe MM13 to

%f’{%‘ﬁ?%tyr“%%%? et SYOACERT bb SR HRPE CATGIRL B s ced

j.ah d.
pr e %%&?S?g%ggéé Bhlf'gu%h Q%%g]g%cgﬁ%ﬁ%eelsi/%rrugqgénruéneasperture

eHul v%@@h@%iﬁ@ ox BEYING pRstNaean0. 034 @E%Qn%ptlcal
FIG 17 partially enlarges t%e proj ection opt| cal

syesteanii den ,AIHSSEiAdt el dOL s Fiieenpr. 0] a6l ic@B-deyRadi dprgeal
di spl ay apparatus according to the second enbodi nent
935 Legripgdd tah ipy tcsisd wid- howé Hlioghr. npatfh thegimug eidred video
pl ane mrrors M1, MW2, and MW3. The invention is
Yei n?%féi!“etro E%SBB%W%HPF@MW%@%P%@Pae Agoht

preferable to

G8s00d sl BhSaPPPor TR T SPFer pt | CEguELy the
éhzl%ldli_'ﬂ{ijt Q@i pBNOLHEr r@v%'?l% HLET QL side light from being

reflected on the concave reflector AM1 or the like of the second
optical systemLl2 to become stray light and degrade the contrast
of the video projected on the screen 81,

(Second embodiment)

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

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

on a video signal, the image display element P2 modulates the
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can be di sposed between the plane mrror MW3 and the
concave reflector AM2. Cbviously, the second
enbodi ment can al so use the shielding neans as
described in the first enbodi nent. A pupil [ N
to the second optical systeml22 is p03|t|oneaggﬁf%§%k900
the outnost - 34 SO05P1384W00 |ight beam of a |ight
flux traveling fromthe plane mrror M3 to the
screen S2. There is no interference between the |ight
{1y bhavedd fgorh BOMghRes AL GldtOFh &R €81FoSHHRD A Grary
the plane mrror M3 and the light flux traveling
fmom tshe fpbane Tier Lorge MED litay themsict een c82. répresent a
addltlon the light flux is converged on the pupi

Tl estd vey %JE §r@6§mé§5bﬁ%ﬂd@§ PatuEs lignidoeitiadnasnel, a

|ons . and (2 ing to nuneric _val ue
SR ET o B iy O, " T £ Wepanasqoran,
Lglgi gegggegg MaGrlzlng beam splitter (PBS), a 4P prism, a TIR
{Total Internal Reflector) prism, and the like. STOP denotes

. adiaphragm. ‘While the projector needs an illumination optical

- system to illuminate the image display element P2, the

illumination optical system is omitted from FIGS. 10, 11, and
the other diagrams showing the second embodiment.

L2l denotes a first optical systemcomposed of a refracting
optical element. L22 denotes a second optical system composed
of a concave reflector AM2. The proj.ec:tion optical system is
‘composed of the first optical system L21 and the second optical
system L22 and guides the 1light (primary image surface)
image-modulated by the image display element P2 to the screen
52 to form an image (secondary image surface) on the screen S2.
That is, the first optical systemL2]1 forms an intermediate image
at position II 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 S2. As shown in
FIG. 11, the respective optical surfaces of the projection
. optical systemare rotationally symmetric about an optical axis
AXIS2. 1In FIG. 11, a broken line indicates 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 applying
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specific numeric values to the projection optical system

according to the second embodiment.

[Table 2]
Screen diagonal; 67.9 inches
Numeric aperture at the display element side: 0.204
: Glass (e-line refractive
Surface number Curvature radius Interval ‘ index/Abbe number)
Display element
surface INF 22.100
1 INF 12.000 1.83962/42.8
2 INF 27.300 1.51872/64.0
3 INF 6.050
4 . 48.02646 12.579 1.489214/70.2
5 -149.37820 0.300
8 470.90347 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 , 41.92112 11.966 1.48914/70.2
17 . -287.76955 7.924
Aspheric
18 surface 1611.33087 7.000 - 1.49357/57.8
Aspheric
19 surface 118.54047 0.300
20 - : _ 32.60197 14.000 1.48914/70.2
21 41.37986 10.086
22 - -50.40323 2.005 1.77621/49.4
23 44.94476 20.707 '
24 . -52.51332 10.000 1.49357/57.8
. " Aspheric
25 surface -42.31242 325.000
_ Aspheric
26 surface -87.00193 -547.789 Reflector
Projected image _
surface INF 0.000
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g1g K | -51177.61327
A4 | -1.27130E-05 | A6 | 9.95420E-09 | A8 | -3.65754E-12 |
519 K -69.92292
A4 | -9.50429E-06 | A6 | 7.57585E-09 [ A8 | -3.71822E-12 |
so5 K -1.018512
A4 | -8.25367E-07 | A6 [-1.07783E-09 | A8 | 5.13364E-13 |
K -2.619353
1826 | A4 | -1.0810BE-07 | A6 | 5.56005E-12 | AB | -2.48459E-16 | A10 | 7.20728E-21 |
: 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 object is 0.204 {equivalent to
Fnumber 2.5). The pixel size is approximately 7 um on the image
display element P2 and approxim&tely 0.783 mm on the screen S2.

FIG. 13 shows a spot diagram according to numeric value
example 2. FIG. 14 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 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 $2. As shown in FIG. i3, 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 CAB2 of the rear
projection television, the projection optical system needs to

be compacted by folding the light path on plane mirrors MM21,
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MM2Z, 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 $2 and the plane mirrors MM21 and MM22
betweenthefirstopticalsystemLZlandthesecondopticalsystem
L22.

FIG. 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 6 of approximately 9.8 degrees against
the screen. 1In this manner, the apparatus thickness can be 250
mm or less and the display bottom portion can be small. Angle
Gformedbetweentheoutmostlightbeamandthescreenpreferably

ranges between 2.9 and 31.0 degrees equivalent to tan 6 ranging

between 0.05 and 0.6.

FIG. 17 partially enlarges the projection optical system
in FIGS. 15 and 16.

Theprojectionutypeimagedisplayapparatusaccordingto
the second embodiment is compacted by folding the light path
using the plane mirrors MM21, MM22, and MM23. The invention
isnotlimitedtotheabove—mentionednethodoffbldingthelight
path. For example, it maybe preferable todispose aplanemirror
in the first optical system L21. Further, another plane mirror
can be disposed between the plane mirror MM23 and the concave
reflector AMZ.

Obviously,thesecondembodimentcanalsousetheshielding
means as described in the first embodiment. A pupil according

tothe secondoptical system1.22 is positioned outside the outmost
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cN_ gCo o . ( SO05P1384WO00 Table 3 shows that both
nuneric val ue exanples 1 and 2 satisfy condi t| onal
equations (1) and (2). FIG 19 shows interned] ?384&7000
I mage positions for the first optical system C
according to the above-nenti oned enbodi nent .
FIG 19, Sil, Si2, and Si3 denote distances betvveen
the first optical systemLIl and internedi ate i mage
ééghtlk@ﬁ@ ok or Fedpofiding nagefl heg| fowesthe paddkeni rand MM23
est field angles on the screen, respectively. The
685? g c?ﬁ§e88r$?espghar? olsp@Pnf%tEI(fBrenG?-) be@mpr( rg)e Light

d
015 b T2 B S o AR 52 0 108
ﬁtYi?I:@anIMQb ér?d 214 ﬂ'@@glﬁgtﬂﬁfxﬂe_@&n&% H:gg%lane mirror

equat i on
MMZ23 to the screen 82. 1In addition, the light flux is converged

on the pupil.
Table 3 1ists corresponding values for conditional

‘equations (1) and (2) according to numeric value examples 1 and

2.
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Bot h nuneric value exanples 1 and 2 satisfy

conditional equation (2) (see Table 3). (Third

enbodi ment) FIG 20 outlines the entire optical system
of a projector (projection-type inmge display
apparatus) using the projection optical system
according to a third enbodi nent of the invention.

FIG 21 shows an enI arged view of the projection

opti cal[ syste e di agr gm Tfiustratimng the third
enbodi rent|» H3, d‘énot eg an inage| di spl ay gl enent as
the nodul g&i oj@ mEans. | Based |on [ |videq silgnal, the
i mge di sptayjel prrent] P3 nodul ateg the| lilght enitted
fromallight Soufe (jnot shown) fta formthe primary
I mage surflgce.s THE | nage disgl ay| ¢l enfent A3 can
represent |& [|2fl@ctijve or trjansmijssijve dat-matrix
l'i quidjcrystals pemel | & di gijftal| m grijolm rlror device
( DVD) ang tl/lse |d ke.[ In the |di agiam| |PP3 denotes a
pol ari zi ng@bgam |spl | tit er (PB3$), [afd] dhjoid prism a
TIR (TptallEl i€erfial | Refl ector|) prilsm| and {the Iike.
STOP 37 S(&P1884 D /denot es |a diGaphrjagm (Wil e the
proj ector |Bea@s (@ | |l umi natijon |Bpptijcal gystemto
i |l uni pat g2t hg ifage |di spl ay |el qwent |PB, the
il lum natign gpti.%x:a systemils c@itted fromFI GS. 20,
21, anfde the|ather dijagranms shevighg the S hird
enbodi pE{E UF1 |@enotles a firnsE |ephiidgd| Bystem
conpose@ (& agrgfracti ng optigak|FEaRedt | L32 denotes
a secophd bbt il gal|=sylsttem composeds| of |refd ectors R31
and R32. @ t8i 9=cases| R31 denotigs |a|cpnvex reflector
t owar d| t hgs pr£mady ir@ge sur1ace§and RB2 denotes a
concave rgfl ¢et g ARL®| n the|ordef [of p iight beam
path from8th@ iBag@|gj spl ay|el ¢fient |PB. The
proj ecti ofg opgi g8l %gtem i $ conpgsed] of [the first
optical spst e.‘of:;‘n 131 %13 the secomd| gptifcal | system L32
and gui deg® t he | EgHt©| gpri mar i%age surface)
i mge-|{mod\# atd By Ehe| i mage| di $p] dy| el enent P3 to the
screen SEHtogfogmia 93_’I mage (sec¢ondary| i mage surface)
on the scr%egssg Ihgt is, theffirnst jopt{cal system
L31 fqrms{@n/EniBretsiate i mhge| faff position Il in
FI GS. 120 fand|£1 3Tr§’-$rmge i 5 then|ref|l ected
ENEN 8 oj=| %
brlaT|a T35
O oj0 |0 §|=jn
i) 7]
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on reflectors R31 and R32 of the second optical system
L32 to forma pupil image that is then fornmed on the
screen S3. As shown in FIG 21, the respectEQeP1384W0O00
optical surfaces of the projection optical systemare
rotationally symetric about an optical axis AXl S3.

In FIG 21, a broken line indicates an unused and
therefore renmoved part of the reflectors R31 and R32

of T#ele st dvpiiatalbodysemariz vidiblce cashdfs dagad 2
for nuneric, val ue exanple 3 of applying specific

- satyher FendaF erat ocER_t HPRF ekt oA Bptital system

e e hesnire enbonren, e dosPlnkunn
oo LIS B L) Lo (oL Ol S
L. BS1E OO0 ESREE 02 © AT 00 RTELOA D e
eic{ESGETEEES L AEINId BB IBNNES oo soscion
cordd3odP1d 1Q 1211479845/ &ledal2; 3 d 4338258581 c1d angles
onthe screen, respectively. The positions correspondtopoints
(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 L11 is 210 mm and satisfies conditional equation (1).
Both numeric value examples 1 and 2 satisfy conditional eguation
(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 themodulationmeans. 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 liquid crystal panel, a
digitalmicromirror device (DMD}, and the 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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coefficient sur
optical element. L32 denotes a second optical system composed

of reflectors R31 and R32. 1In 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 image display element P3. The projection optical system
is composedof the first optical systemL31 and the second optical
system L32 and guides the light (primary image surface)
image-modulated by the image display element P3 to the screen
53 to form an image (secondary image surface) on the screen S3.
That is, the first optical system L31 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 optical system L32 to
form a pupil image that is then formed on the screen S3. As
shown in FIG. 21, the respective optical surfaces of the
projection optical system are rotationally symmetric about an
optical axis AXIS3. InFIG. 21, abrokenline indicates anunused
and therefore removed 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 projection optical system

according to the third embodiment.
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S05P1384W000 According to nureric val ue exanple 3,
el enent P3 has an aspect rat'céng1%§4%ooo
and sizes to 0.61

enlarged to 73.1

i mage di spl ay
contai ns 1920x|I @80 pi xel s,
The i mage di spl ay el enent

inches for projection.

The F n

P3 is

unmber is 3.

t he

The pi xel

size is approximately 7 mon the inmage display el enent
P3 and[&ppioxilmat el y 0.845 mmon the screen S3. FIG

LEm accordF’ﬁ% to _nump

L

for the projection optical
ric value exanple 3. FIG 24

SNOWS UIblUllIUH Fetd angles (1) through (15) shown
In the sppt di agrajmare respeqgtivety Clé}ésg hd S v
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&seereiereP3 shown i n| FI G \22. Referenﬁ% vel engths
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distBrtion is found and-39KRa158uffici e2%49 dapability
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L + I g HEPN 1.c |68565\\/ ml o 69n Lde he
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foldéng the light pgath earzgbane m rragss WVBL and MVBZ |
as—sBhown | in FIGS_i25 arid8%82 F| GS. 281 ahd 261.5M83R6.0
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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 Aspheric, 1.01174E-05 ~149.000 Reflector (first mirror)
30 - fispheric 67.52094 485861 | Reflector (second mirror)
Projected image
Jsurfa\ce i INF
Aspheric coefficient for
surface 29
LK -28531.19104
1A4 -0.337498E-08 | A6 - 0.665793E-11 | A8 -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 [ AB 0.647442E-15 | A10 -0.199351E-19
A12 0.298396E-24 [ A14 -0.873758E-30
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vertical plane. In this case, the plane mrror MV31
reflects the light beam between the first optical
system and the concave reflector for the second
optical system and deflects the light beam w.thj

hori zontal plane. Wen the projection opti ca%ggiﬂ}@rﬁoo
is disposed at the bottom of the cabinet, for exanple,
the plane mrror MM32 is disposed at the top of the
cabinet, reflects the |ight output fromthe

pr oj eGtdcoirdapti tahusy st e Maluanexsefledt sthidanshghlissay
as to reach the screen S3. FIG 27 partially enlarges
¢henqutof ebe s en agpertahtsystam: 9 wokk&bns 252@*&0@@1;;‘61@

j ection-type i mage di spl ay apparatus_accordin
51?1 sﬁﬁersd oc?lnéﬁ{%h% c%ﬁ&ac‘tﬁf@aewlﬁai‘imnﬁlﬁw P&htls

% {9 73t Ii]%tn% nmelior}]dlgrrc%)jgesz’iﬁ%on a‘flhe W%nbgggzgs 3. The

|nve Ion I's no € dbove- nen

%P)Eé].oglgg I:Ql %tpgggﬁﬁgté eph’t Eﬁﬂac;rh‘thgoima&g(%l%Ean ele

preferabl e | SPOS ane mrror
pptdarghlappysken tSly Fyuthem, omntidecrleang3m.rror may
be di sposed between the plane mrror MVB2 and the
concavéG.red |sbovsra RERE Fi@ra6 fiog bhsim®jecenon laptical
this manner, the plane mrrors M1 and M32 fold the
FYFR™ GECRT RS NES HImSEiefakho ee¥ e B- | REhes dnishiows

SRR T fhd oBt T hE b Ent bocohekhoRa g Sbot
chma%rar@qléa:s et'zelgépy @@ne%@@d gr%%b%bgftl@&sl %l ﬁ%%%h

to 'be a hei gh bet ween the scr ttomand 't

{1)est tharimagk dike159eaRGeAPERCAH owrSYS e k32, Adference
becones snaller than or equal to 50 mm The display

wsotetlemypbe tarent Tard Somn made. & mal, |58 FRuetdmer 546e0T anpd 60. 0
the follow ng 41 SO05P1384W000 as a result of exam ning

rtﬂheaaﬁpﬂa}%t%nmhu dogessa ki dorhBIEi Mendpofviasf aphkarge as
bottom gortl wi.th res ect to vgrlous scr.een

:sﬂe 1\/\ﬁ8nthten§ §%?ré - 5ifeSh Yy }ﬂ%’n‘? 6 thg spfticient

e a al
%k%g}é\%&%?l neggg)or o%oresfutlrjlte op |ca 355?2%@0%24' no
r@ﬁ@'ﬁﬁb;sa@a'l'n@@et nﬁ%t‘%&tggﬂallst Or ARH nghd The r@hﬁlﬂnent

between the screen bottom and the |owest part of
capability results.

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 light 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
MM32 between the projection optical system and the screen S3
and the plane mirror MM31 between the first optical system L31
and the second optical system L32, The light beam travels from

the center of the primary image surface to the center of the
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second optical system L32 can be smaller than or equal
to 50 mm An actual. apparatus may include this

optical systemand nay be provided with mechani cal
parts such as a mirror and a cabinet. In sucdpsEas€4wo00
the apparatus can realize actual outside dinensions

i ncludi ng the thickness of 300 nmor |ess and the

di spl ay bottom porti on (the hei ght between the screen
bsoetctocr)1 and the | o part of the projection optical
Systeny T Hf s S ‘?e Iaé‘gscrqfr%%ééén‘éfbfpkqaéaﬁms within a

%S f.Qr.ms I on . where

i gttfeLHfg%EFla?l;e co%ﬁged% 1?eﬁa hfeo?%%n%ﬁ‘lrﬁf’ﬁr% geElects
ithB R JHar bé &g bhitistn BRI £8)

S3. Th(je pupil is f%r med ousttzlxgﬁfg%wi%%seﬁm IT;l’l(é‘Sl e;ggnc:ave
trhélptaoe forr tior sebBAd topttibelenfdven Qh@ra%f@tecweche light
screen S3. When the projection optical systemis

BP&poskehim a hpsinemedr planei s Woessitbkept©jedqiriovi dpt Beal

shi el ding nenber (not. shown, see FIG 7) such as a
§F{F§?Iaulr?gd689°ﬁ%‘i‘ VitoRha Ratgise pF Usaeicrbanet) fioane thmole,

m.32 to t MB2 and
ﬁﬁggﬂﬂf’ar}"%' B B AR Or e RO Ton (Y (s ebinrs.
eatisesunhbacenf ohgﬁutc' qirr%ﬁlnthes%rog%%tigheé;iq::i%%tlrrgysbteem,

is provided with an approxi matel’y ~“m ni nrum

andndaflssiten tapel igtie dhak abl ovscht hend ight bl 8%

directed to the screen S3 to pass through. The

shi el dilfg %nbetiaﬁlxseﬁmﬁ@em@ﬁ@ oAy aitabacdpdit@l system
S]%ectl on optical system(i.e., the first optical

g@/ P &RH £He second opti cal system L32) agai nst

. dust thout block| of.f the projected video |ight.
Furt h\gr ® PSS g?% 1HaAB & ShLaY IAPRerR LB Fasiceeding to

ﬂ:ﬂeghﬁlﬂgﬁﬁb@ﬂnér{g S I: acg‘t,aebci Qetfofl.cri:?x[ln gé\s}éh? ﬁg using

For exanple, the

ttha @U.dﬁehhlg:morﬁrm&tbﬁhﬂgﬂﬂﬁfl e‘@ﬁ@@.n%nttggncfwﬁ@yellmlted
reflector or the like of the second optical systemto

e toreabsta-aenitightd aind haieigb Ades IdieiC @Rk N Bisght0bat e For
vi deg projected on the screen S3. The above-nentioned
%ﬁ“@lle e% &6t ot rkdershieltdi dgspesber ptane i rabsain the

%IC]):QS f\ fourth gn‘ood iment. A simlar effect can
§p8PF osyﬁ’ltﬁj‘“e&  onFughler merftodiegppagne mirror may

be disposed between the plane' mirror MM32 and the concave
reflector R32.

FIG. 26 is a side view. 1In 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)
Dx defined for only the optical system becomes smaller than or
equal to 250 mm. When dimension Hx is assumed to be a height
between the screenbottomand the lowest partof the secondoptical
systemL32, Hxbecomes smaller thanor equal to 50 mm. The display

bottomportioncanbemade small. Further, we found the following
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appar atuses using projection optical systens according
to the fifth to ninth enbodi nents. (Fourth

enbodi ment) FIG 28 outlines the entire optical system
of a projector (projection-type inmge displ abspr1384W000
apparatus) using the projection optical system
according to a fourth enbodi nent of the invention.

FIG 29 shows an enlarged view of the projection

t] ystem In t diagramillustrating the fourth
%%ba{og%ruelﬁi ‘?Q'E %ﬁamdblﬁl&r@te %m%%g’é diiSHPrays apdirbAtiimgnsion
e BREYdd i.s. formpd on the image .displa
el errenthﬂ. hguﬁ:rgrgg)ddf%g%a%gg ehel eC%Plfloca foutsCteen

sepeeserihe dhgidaledt 68 Be Mddfs #eUhCA OMD) 5 STR with
denotes a di aphragm Wile the projector needs an

Brbaat nationot gt Pcalthesyppentws ithi URhOSd @ekbhfed NRGCON1y
di spl ay, elenment P4, the illum nation optical system
- FBeOTR S FYORSTELES, bogmegnahher thae ot kenadi @&y rRasmm.

_ i ng.the fourth enbodi nent. L41 denotes a first
e o S GET SR ISPt sr A4 TG Lprest BTt of the

§Qé€&§%@@%109%é€§% L%gegggt be fLAfnza qg&g%ﬁé&aodﬁg%%g to 50

opti cal "system tonpose of '8¢

fihe propeethomfRiia¢ak Sy5tEMR1Se ERIPO f
first optical syst em L42 }znd t he esecond&%&ﬁ%%a%pgtem and

By stlemprdidad wuirdeschheibth hdafyey sGBRYad MBE€ rror and a
surface) image-nodul ated by the inage display el enent
PAPiRP Y helB GuEBIFas84 the frpramadusi crgeed Siecondaryl duBgRie
(iurfac.ec). on. ][Lhe_ screen S4. The first optical system
LA ORS ARt BrhddeatBickeres &f 3pBgmt jagn 1EFsi and the

. . . Ehe i is .then reflected on
‘ﬁ;ﬁea t %P?E%Eu Tar L T ta%ﬁEB??nitrPégéCFﬁ%&l hettom
ihercne obpEs: hg s : S i;n Fl 9
the respecti v?hrgcpt%ifcglﬁgg}:rof%;éggéagf gﬁ%\f]ecaplr 3?7809?I|ngn6f 100
rgptdrcdlessystem are rotationally symetric about an
optical axis AXIS4. In FIG 29, a broken line
i ndi cdheseaandopsedabngstéeref doens apayed Rakt , agfodtion
reflectors R41 and R42 of the second optical system
- Mhere ¥R i ts hbws idacantergeiimshiat Sodnse aoxamp muetlift e

121%%{% .gngst“yhgef ngJﬁlr]; Copm%.rcr:%rli gy?s/glerg eLSBIt gnt 1|:q1$e psrc?rjeggtisg.n The
- pupil is formed outside the light flux from the plane mirror
M32 to the entire plane of the screen $3. When the p.rojection
'thical system is disposed in this manner, it is possible to
provide a shielding member (not shown, see FIG. 7) such as a
shieldihg box between ‘a light flux directed from the second
optical systemL32totheplanemirrorM32 anda light flux directed
from the plane mirror M32 to the entire surface of the screen
$3. The shielding member is provided with an approximately

‘minimum light transmission aperture that allows the light flux

directed to the screen S3 topass through. The shielding member
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according to the fourth enbodi nent. 44 S05P1384W000

[ Table 5] F nunmber Inch size F/3.0 50" Curvature

radi uslnterval d ass (e-line refractive index/ Abbe
nunber) Display el ement | NF54 surface S05P1384WO00
Di aphragm NF2. 000 1-52.658085. 8071. 67000/ 47. 97
2-23.187660. 937 3-20.508063. 0001. 63003/ 35. 48

4- 36. 355090. 100 560 8. 0531.49845/81.20 0 6496 60. 100
73.0001. 51978/ 51. 85 80. 249 93.3411. 76167/ 27.31 100. 576
$38. BITISA0EH5/ @ro2ectPpn . dpickd]l 2y806n. 52083/ Sgh&éFirst

14@6. ]]gl 1514%3‘%3[141. 62286/ 60. 10 160. 500 ,
084 2 PY8B8T ITT1 387 76Y7 §2°92Y 1mgsgl system L32) against
. dust without blocking off the projected video light. Further,
- the shielding member blocks off outside 1ight entering into the
cabinet from the screen $3. For example, the shielding member
.canprevent the cutside light frombeing reflected on the concave
reflector or the like of the second optical system to become
stray light and degrade the contrast of the video projected on
‘the screen S$3. The above-mentioned shield effect of the
shielding member can be alsoc 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
optical systemaccording 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

- formedonthe imagedisplayelement P4. Theimagedisplayelement

‘P4 can represent a digital micro mirror device (DMD). STOP
‘dencotes a diaphragm. While the-projector needs an Lllumination
optical system to illuminate the image display element P4, the
~illumination optical system is omitted from FIGS. 28, 29, and
the other diagrams showing the fourth embodiment.

L4l denotes a first optical systemcomposed of a refracting
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19-81214115321. 69416/ 30. 92 20580
2192.2611313.9911. 76167/ 27. 31 22-51. 226380. 100
23-60.902203. 0001. 52033/ 58. 69 2447.28213183. 365
25Aspheric 100. 00000-140. O00ORef | ect or (flrstg@g@qgggwooo
surface 26Aspheric 69.81598368. 158Ref | ect or (second
mrror) surface Projected i mage | NF surface Aspheric
coefficient for surface 25 K A4 -3.53735e+006

-2.026 ?-009 A6 | .58657e-012 A8 -8.56678e-017 AlO
&?piié%%)ﬁé §2¢" s pﬁé?i LRI 7 Gieepndfant icadr $uterpgoposed

PR D TaAT AL 1 B ro- 21 A ISP GRIE0 LASBRET sio
UsRfoasa B@a:ﬁer@ﬂﬁsﬁj'oﬁgg_@é{l %l %%@%&X%%%hehaﬁscondqﬁ%t1cal

aspect ratio of 16:9, contalns

siyzesn 1.620aRkdi RENEss FhﬁaIﬂﬂﬂﬁ:dkﬁﬁﬂﬁﬁkfﬂfﬁgﬁg Blrisce)
enl arged to 50

image-modulated by the image display element P4 to the screen
5S4 to form an image (secondary image surface). on.the screen S4.

The first optical system L41 forms an intermediate image at

. position II in FIGS. 28 and 29. The image is then reflected

on reflectors R4l and R42 to form a pupil image that is then
~formed on the screen $S4. As shown in FIG. 29, the respective
optical surfaces of the projection optical system are
rotationally symmetric about an optical axis AXIS4. In FIG.
.29, abroken line indicates an unused and therefore removed part
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.
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inches for projection on the screen S4. The F nunber

is 3. The

i mage di splay el ement
t he screen.

pi xel

A di aphragm STOP
i mage display element P4 and the
system ON |ight

is reflected on the inage

size is approximtely 12 mon the
P4 and approxi mately 0.86 nm on

is provided betaweensthgooo
proj ection optical

di spl ay

el enent P4, passes through the di aphragm STOP and the

S, T Hheagh

nacce

i cal

ac

tnﬁe

Id.er I.J(J.DDCD l._l.l | uuun
sideef racti ngs opt i cal

t
T

+

| Nt ermediate 1 mage—at

system L41
he position |1

ragm ST(]:> interrupts OFF |ight.
e di aphragm STOP and enters
to form an

in

system and then reaches the screen

The ON

FIGS. 28 and

(A4

10. The ON light 1s e¢te on T he Tapkd @FlcOdiSctive |
R4l _and R42 Yo for tch"”!‘?“‘"z"r""‘i’""Z(E]mOl i t he sotep@Ibe nirbE)
ﬂs"gﬂﬂﬁm spot di agram lf\uor the projegtion optical
Syﬁépﬁ,ldénglLLUIUI g t !lu!| NFL. ande e;z"“p! e—4—F G -32
shows — di Stortion. |Fret g a@mmies (1) skd3rotoh \1J6fd0 Ii’?!#‘mﬁ_
in_the spot di agrdm ar-gswa&specti vebyazgemer at ed r T om
posiBians (1) throdgh -80®j06on|t he B.omge|di Spleaonsas4s
eterBnt P4 shown in FI G623809 Rbf er cp g I hs
) SN 0.
are—§56-28—Am—626-{0 ..n§3g"*‘9$5 5p—hm-DA6.. 7 iy OUER
nmand 435784y . TP T Ebo0 T [ D 1.51978/5188
['arge as [One pi xXel[ on 11(33@35#(,[ EETT. " g STOWT 171 G
31, she sdfficient | i mages4dzor NRI 1 ON3 g@pabi | | t¥s167/27.34
resuldts _As shown in FI®7588. no resmr kabl e 1 mage
LdistBrtion is found andf%RE8sUffici &8  Capalidassn.20
f cau13|. s—o dini:s\pi‘:‘o\ h‘i, :E;;‘ C-‘l'! eclti 0”_1%‘6}%“5i If‘ Q&/Qt em
acTonUi Iy [t 46— SOGPI3EHMED—npreriE at-te—e 3?—9@?@—3{*
I nSige the cabinet [of ﬁ%g-ﬁ@ar PropESLT O —t q.le’ﬂsé/@l g
| the 16r o] egti on optical -mysdiem needSod0p DE cormpact eo
by f@l ding the |ight pafaresn pl ane s9irof s NVAG77asm ob/AZ
as—sHown—lin FIGS._ |33 54002 |F| GS 488 ahd 34 show
CORSET UL,L! GnSL ?f '(\I ghnﬁj 'ﬂ;é; v If n| HI‘ ?; ;f h i B34
Dy ghsposing thepian 5 —M4—"1, ,I‘v"v‘C E,. "?6167/?,7.31
projzecti om optical SySLﬁlﬁagglu tte bd,fogcll S4 tte
plarge mrior Mi1l betweenofcbe T|irST Dpdi cal  SYShEIMskd 1
and 24t he second optical47g82s3 em L 4233366 G| 34 is a Sl de
vi ews. Singe 2?1?21? 100.00000 -140.000 Reflector (first mirror)
26 gi';';féc 69.81598 368.158 Reflector (second mirror)
Projected image
surface INF
Aspheric coefficient for
_ surface 25
K -3.53735e+006
-2.02633¢-009 [ A6 . 1.58657e-012 | A8 -8.56678e-017 | A10 1.46304e-021
Aspheric coefficient for
surface 26
K -2.34164e+000
Ad 1.07990e-007 [ A6 -3.97824e-012 | A8 1.26325e-016 | A10 -1.14881e-021
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the plane mrrors M4l and MA2 are used to fold the

light path in this manner, the apparatus thickness

can be 250 nmor less and the display bottofPp8teBaénHo00

can be small. FIG 35 partially enlarges the

projection optical systemin FIGS. 33 and 34. The

projection type inage di spl ay apparatus according to

the,f i,s conpacted by folding the

|.g%t&?§éth FEH0 A TGS S RS, ChRE has
nven ion_is ted to the above ment i oned

an 4BE0L EFEL R B P e St s iR SO CoRarpile; apg sizes
. | th
to @RV ARHR] o SRS M0 FRGPEA HeARe TRl 2L o &aawied to 50

1ncﬂégﬁﬁﬁ:ﬁﬁejggtgbﬁ ele Q&%%%?%4theF$% ﬁgﬁ%rEQ{ %”2 The

and the cohcave re ector CITent
pixkl GiAB &uskgesmﬂg@ewu §uPBh &?é HRSBI1Ay erement
proj ect or rojection=ty | mage dlsﬁ‘ ?
P4 arsd RGPH iPiR] L6} 0B 6 ﬁﬁtbﬁaihéyﬁféerﬁccﬁf QhQEhEQgﬁ STOP
flfth enbodi nent of the invention. FIG 37 shows an
is pmbaided \Hemwedn thige PLohget iAkAREY Cal eyt By ldhd hehe
diagramillustrating the fifth enbodi nent, P5 denotes
propect ragepdiisylayg yekement ON 'Ejiqhmger@fb@&’@eyd eJremBBt image
P5 forns the primary i mage surface. The inmage display
displ aymeiterth tSEPIR1 884 W06 0t PBoegin triep risgitr syt effb@chhaethe
dot-matrix liquid crystal panel, a digital mcro
Projgetinn getiice l( Bxyen, amd then Irlelee:helmthhescthm'r am. The
PP5 denotes a polarizing beamsplitter (PBS) , a
dlaﬁ?r@fﬁ%ﬁféogrlm@mrru@tvﬁmﬂ(mm | rithesr QL 1 BBLIpecstsers) through
rism and the |like. STOP denotes a diaphragm Wiile
the fiﬁépBFé‘P@c%%?P ReEUsnBar s IthenrRitrehingmuttta b pyseamtlol 1
¢ #II um nate the jnmage . dlspla¥ el ement P5, the
© §95m, th HEH TSR 183SeeAri henPPEéliPRoRE FIGSIGS. 28

d 3 L enot es a first tical system conposed of
and Vet %E&?‘g{gf b it hé-?lneﬁ@r? Boies aBnbhesral Lecknes R41
_ st em_conposed of flectors R51 and R52.

and %ej BC?DOJfZ%ru on Sopth &1mas%%t élm iNe STffded of the
f"ff@ Oﬁgzgﬁg X?t 5@&%@%?0(p ond o %%g%on optical

system gU|
sys t%r'r[fagﬁ{ahe S@g@ﬂ%ﬁ@%ﬂ%é *&Ar&[@ﬁee E'.' SRR, £ EU,s

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 Ehe 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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S5 to forman i mage (secondary imge surface) on the
screen S5. The first optical system L51 forns an

internediate image at position Il in FIGS. 36 and 37.
The image is then reflected on reflectors R§65ﬁ9§85§8%0
to forma pupil image that is then fornmed on the

screen S5. As shown in FIG 37, the respective

optical surfaces of the projection optical systemare
rotationally symretric about an optical axis AXIS5. In
Frsrigyalue prakere f ineidadheatadd nah afmiseteangdrojection
% refore renmoved, part of the reflectors R51 and R52

e 8¢ oritf BptI %%ﬁl%y%?@fﬁilsﬁysq%p@e@s sRdRsCerracted

SErRTY. el Lt B) PBLXR SHESLE €0 o

e COrcH N J qrighegaf i f mbodi t 0
[ Tabl e 6] Frunber F/%ﬂ%? Incﬁﬁngg %%O§ ég%g ons of

¢ b arsltel @ridldEngsh o BrdHteatieby agtsbvei hHdax/ Q% mirror
nunber) Display el ement |NF1.400 surface 11 NF20. 700

M4 NF¢ 2w oo The 396042 1 8n HNE2A 13004 &l 872 /£64. &:reen S4 and
A1 NF6. 050 550. 0133512, 3001, 49845/ 81. 2 6- 102, 485373, 027
p 6%8%%’(?61“4%82@@@2%6 10X s390BbicHl ystem L4l and

‘81 gegggé opt81]c':91 sys 84/ 13_.§20 1%57 gz?sgsggi 3016d8e view., Since
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 M4l and M42. The invention is not limited to the
above-mentioned method of foldingrthe light path. For example,
it maybe preferable todisposeaplanemirror inthe first optical
system L4l. Further, another plane mirror can be disposed
between the plane mirror M42 and the concave reflector R42.

(Fifth embodiment)

FIG. 36 outlines the entire optical system of a projector
(projéction—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

P> forms the primary image surface. The image display element
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1136.5918010. 0251. 49845/ 81. 2 12-44.148265. 030
13-35.100911.5101. 81184/ 33.0 14-109.4315810. 879

15125. 644564. 2591. 85505/ 23. 6 16-92. 165906. 182

Di aphragm ., .1 NF17. 304 17-25.904021. 8001. 8396342384000
18- 35.0678443. 616 19Aspheric
surfaceb9. 621945. 0001. 51131/ 56. 4 20Aspheric
surface6l.516961. 000 2151. 8954315. 2001. 59142/61.0
22-573.871623. 000 23163.599455. 1171. 81263/ 25. 3

52 FANGYSRERFNG02 2538256059 HRto0e L r6734an4§ . ystal panel,

. 1113.439 27-77,704002. 4701. 80831/46.3 _
S8ag1 E901 70 Hagr50adyi dnddih] oand thedake 40 1 the diagran,

gg? ?ﬂ %ggﬁgg%%%lfq%%llﬁ%%ﬁ%% 0 Pl?ls)r’sfEl dmj‘crhrré}rl & prism
32fspherdtaisuntacea’ he/1L83387. 17 2Ref | 86 4,.56600d  srop
mrror) Projected i mage I NF surface 49 S05P1384W)00 As
@¢nciooed déaphoagur f #0618 thelp2R362 r Adke@l.51:3: 04 8lan O4AG on
0. 526113E- 08AS 0. 345041E- 12A10 0. 611802E-16 As

PR dene For $ar Fblcwdpakest 284 mage display element P5, the

illumination optical system is omitted from FIGS. 36 and 37.

L31 denotesafirst optical systemcomposed of 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
systém L52 and guides the 1light (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 L51 formé 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 AXIS5. In FIG.

. 37, abrokenline 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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A4-0.104735E- 04A6 0. 572168E- 08BAS - 0. 880556E- 12A10

0. 356875E- 15 As ericooefidentforsurfae3l
K-2.8531.1910a A4-0.523359E-07A6 0. 157209E- 10AS
-0.172128E- 14A10 0. 101543E-18 A12-0. 309504E-

0. 381546E-28 1 As ericnefdentforsurface32 K—%&ﬁ%ﬁ%ﬁﬁ?ooo
A40. 116220E- 06A6 -0.588887E-11A8 0. 248721E- 15A10
-0.212607E-20 A12-0.170341E- 24A14 0. 475557E- 29
According to nuneric value exanple 5, the inmage

di spl dfabéktedent P5 has an aspect ratio of 16:9,
caontains 1920x]1 GB0O pi xels, and sizes to 0.61 inches.
:Ty@m¥nage d|§§°ay elenqnt PS5 is enlarged to 55.8
M&Res—forproteetion—The F nunber is 3.0. The pixel

SI ze is approxi mat eI ygun?atu[:g,gm,s the |,nr;ga@,ig| sﬁla&ye l&lheeﬁ@tlvb

and it t
5 I H&neﬂ.ﬂd I U/\I Ilﬂ.L UI y U u-—r IIIII \J r—t 1T Trc—oGCtT .oll uu
I éagfécea spot di agram f odNf he pr oj ectli“®h ppti cal

svst‘em according to nunmewA c val ue exgopl e 5. FIG 40
th\n?: distortion. |Fieldfangles (1)1208F ough “Rg@'ﬁﬁﬁ:mtﬂ_
A t;le Sp;of fall agr(_ Taal nrﬂ:‘rncpn ti \1927\30019 ‘1nra_t_éﬂl TRB

- [TPOSTgTOonS \J.) tht uugl-n of—the—jt erth-Sphay: -
. [erengnt F5 stowT T q‘gg g? Refer eflg(gg /\mver‘!éﬁ%{ﬁ?ﬁf
are ©56. ?8 nm_ 6200 NMgeo.&s8a6. Do NM gpd&P. P7 NMagdheeh D
nm &nd 435.84 nm |[The-wz@k®w flor Fl &51639| 1S tw ce as
larde as:i ane pixell an #HRWcrieen SAB10AS| shovikd118#H3H G
39,0 he—sluf Fi-ci-ent | i-maghiPBr pat i on 18%habi ity

ucau} ts—AS ahg'm—'rl 52 ﬁ e~ ,1%.82 kpbte 1.4?7353'%12
di SEPT IO TS5 foumgand;é; ﬂ)@mbu oyl Fapabigifsiise
resuits. [50 SOSPI384W0000 8N [T Ne pio@yeeCl i ON Opti cal
systiem adcording t ot ha2sd4bd6h | enbodpseent 1 s 1appbead

to 38 projlector (projectPhlsPypne i trGds2 dj spl ay
' Lus)—the—pr bect NG, optlical €% om can he
i Y SRS 904 e orc AP0 | .~ 1.83062/42.8
N1 l1lé:‘U gy .UI ?)!JUD: g P ) 3% T UTS -J.'B']_ﬁap T Un'J::I U.LLC |
POShd T ONY Sinlcbddcd ¥ T Usd. Faalove-ead oped Hishstsad
oued h enhedt-sRAdks 61.51696 1.000
21 - 51.89543 15.200 1.59142/61.0
22 u -573.87162 3.000
23 - - ) 7 163.59945 5117 1.81263/25.3
24 o 72.87238 0.300
25 S - 38.56059 13.000 1.67340/46.9
26 46.24911 13.439
27 : S ~77.70400 2.470 1.80831/46.3
28 50.57931 15.590
29 e : -62.19532 7.955 1.81081/40.5
30 -49.34022 171.604
31 - - | Aspheric surface - 1.01174E-05 -149.000 Reflector {first mirror)
32 " | Aspheric surface. { - - 72.72183 387.172 Reflector {second mirror)
Projected image INF
surface
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(Sixth enmbodinment) _, FIG 41 outlines the entire
optical systemof a projector (projection-type inage

di spl ay apparatus) using the projection optical

system according to a sixth enbodi nent of th

invention. FIG 42 shows an enl arged view o%oéﬁéwwooo
projection optical system In the diagramillustrating
the sixth enbodi ment, P6 denotes an image displ ay

el ement. The inmage display elenment P6 forns the

A rreEsewur f ace. The i nage display elenent P6

Kan]|representssa [refective dgi-matri x 11 quifd crystal

_%_n.n! 0 331BHSE04 A6 i 8526118608 qrA8 d e OBERHEMMVD) A10 araf18p2Eel6
Hke——the—diagram—PP6—denotes—a—polarizingbeam

ShleictemEnrBmagzn]a dichroic prism a TIR (Total

v,

ternal ReBbeztior) prism anfd the Tiké. SJOP deéenot es

A8 il o o P HMAISEO il PG t%@ﬂj?&x?&ar ABr  S8QPROEANR || MOy .- 36R7 IS

LI SARRER=S Y LR R)

Frmean Al ab] Av, Al Arneanng
T CITTeTTC

Uptl cat b)/bt emto+tHtunmnrate—th HYage—6a+Spray—=©

ﬁl GB Aggzs;?g\égmgt? Aém 15%&1%3 %& Irst optical system
AOMPOSEYsGetoses] FRIZ2ET JaileesaP T e

AeBheric tobieient ibr bkfagddt Mat | on _optical systemis omtted from
fl
al
d
I

a secona optrcal SyStenrconpuse of —reftectors—RR6L

RRGSN or e P 0] ection optical systemis conposed

g‘if he fiPRH76811 | o tem 161 and the setond optical

. |
JHBZP0E-08 | AG o -0.58BR87E11 LAB ST2AEA5 ; ~ -0.212607E-20

surface) | mage- nodul ated by the Tmage di sptay etement
P6 to the screen S6 to forman inege (secondary inage
sur f ageroeditdecSanRern Sea1td SUaPh3B4WOQ Theqlidishiay

optical system L61 forns an internedi ate i nage at
Plegicnitdd Hds amabp&S: rddi @of1429, Theth Yo G« 10Bhixels,
reflected on reflectors RR61 and RR62 to forma pupil
Nrage Zefattoi § - bhehnchet nedhen imhgesdierhaB6: ldnenthiPs is
ecgse, ER%} 5dse\r;]otes a concave, reflector and RR62 .
deGEss &° cotvex FRFT e oP P o%Rr Pt he "8 e oHBRRY THreigd -
S Lh_the order .of | Lght beam.,path fro :ﬁl;e
MR Lhrey S R Pre i Wl R P PRk g3 Lo omen
respachpyeox ORfdLal osyufaresn afnd Re.REQ] §6tion opti cal
systemare rotationally symetric about an opti cal

axi s BXESR 2 bholt G spé2, dbadyekeEdr| tHe pragde 68l 68 cprical
unused and therefore renoved part

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
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.
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of the reflectors RR61 and RR62 of the second opti cal
system L62. Table 7 shows data for nuneric val ue
exanple 6 of applying specific nuneri C_Vﬁ.| ues to the
rojection optical system according to the §j
gn‘ojodi ment . 22 S6P1384W00 F nunber I nch S?g%ﬁ%%ﬂ@oo
50" Curvature radiuslnterval @ass (e-line refractive
i ndex/ Abbe nunber) Display el ement | NF1.400 surface
11 NF27. 3001. 51872/ 64.00 2 -: | NF12.0001.83962/42. 75
31 NF8. 3 ths6pr 79344 n6didli P16 125 8dc rdih20B8062. #iGGh
633.431957. 4491. 76167/ 27. 31 7131.35 11814.577
X PeE5 165580 WiF 40709, pgojector (projection-type image
- 30.096303. Q001. 75456/ 34. 77 1018. 287170. 100 ,
A A DAoL AT S S TD a0 Graan be s1ined

LA BB 40 S0t P s

- 13 ahy agel RO Db ol 82580308 15y 24h] <R 8Ahd s 92

{Sixth embodiment) o .

FIG. 41 outlines the entire optical system of a projector

| (projection-type image display apparatus) using the projection

optical systemaccording to a sixth embodiment of the invention.
FIG. 42 shows an enlarged view of the projection optical system.
In the diagram illustrating the sixth embodiment, P6
denotes an image display element. The image display element
P6 forms the primary image surface. The image dispiay element
P6 can répresent a reflective dot-matrix liquid crystal pa'nel,
adigitalmicromirrordevice (DMD), andthe like. Inthediagram,
PP6 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 P6, the
illumination optical system is omitted from FIGS. 41 and 42.
L6l denotes a first optical systemcomposed of a refracting
optical element. L62 denotes a second optical system composed
of reflectors RR61 and RR62. 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 P6é to the screen

56 to form an image (secondary image surface) on the screen S6.
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18- 135. 375280. 100 1964. 1299110. 7441. 52033/ 58. 69

20119. 2317010. 935 21-280.887073. 0001. 72793/ 37.72
22114.79 224216. 118 23Aspheric

- 73.93950-120. O00Refl ector (first mrror) su

24Aspheric 69.01404229. 652Ref | ector (second %P$§?3%4WOOO
surface Projected i mage 0.000 surface Aspheric
coefficient for surface 23 K A4 [Table 7]
-8.47354e-001 -4.50856e-007 A6 -5.49282e-011 AS

Thd 0838 OLEiAAD s B tEBIAE- BdOmAsphemte raedl btei adge at
for surface 24 K-1.43979e+001 A43. 27859e- 008A6

PqsS B35 1012 AL 35 7637884047 A1 Bhe 7imgg33e- ghgnsgeflected

S05P1384W00 _A di t I npl 6, th
Piage LA ERr e B TRABaET LR AT g thgrtyﬁ dhen

fi% ;“g{]&g%g g]ﬁ'%gt I ¥$e%§%:? t r IR)[S\6HI ur{o es ¥S<anrlcave
reflector and RR6Z. denotes a convex reflector toward the
‘secondary image surface in the order of a light beam path from
the image display element P6. AsshowninFIG. 42, the respective
optical surfaces of the projection 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 RR61 and RR62 of the second optical system
L62.

Table 7 shows data for numeric value example 6 of applying

- specific numeric wvalues to the projection optical system

- according to the sixth embodiment.

52




The i mage display elenment P6 has an aspect ratio of
16:9, contains 1920x1080 pixels, and sizes to 0.61
inches. The inmage display element P6 is enlarged to
50 inches for projection. The F nunber is 34 @Pl%@@WOOO
pi xel size is approximately 7 mon the inmage |sp

el ement P6 and approximately 0.58 nm on the screen S6.
FIG 44 shows a spot diagramfor the projection

optical systemaccording to numeric val ue exanple 6.
FIG 45FaHewd! distortion. Field angles (1) through

{15) shown in the spot diagram are respectively
EQﬂ%fhted frd= %03|t|ons (1) through (15) on the

6 shown in FIG 43. Reference

o o=z

wavel engihg aré 65928 nm 62070 587 I a ;
nm 460.90 nm .and 498vasae BaYs The el e fﬁo%;fﬁfﬁﬁ rai:’s%e
Displayeelam®eni @r ge as |one qﬁgel oh the S een As shown
inspface 44, the suffficie i mhge f dr*fatijon capability
resullts . As shown ijn FI NFA5, ho ra%dep kclb| e 1.61AIB/e4.00
distdrdion is found and Whe suffici®®0 ¢apahBldeen2.75
reoul!sf o : "\ ehn the ar JI Qrm'"i-' on_obti Pﬂla'&%qt em accaor d| nag
+o—the ;.:xth enbo. i‘heg:jgslzogs"bpﬂl i ed 4639 3 pr nﬂ-Z»@‘*ﬁH?T-?ﬂ"
Cpropecttantypetiage diifayappditup)the e —
projgctron—optical o‘y’StI TR TP 3'1:,‘1:,527' ) a5 8884-7g
piang T TTors—at —aypr oy At PpStttgids: St R TR TTTE
The gbove=ment roned T T gogdpd —f ourt E_(ﬁd"‘b’d' ¥ V8a36/34.77
(Sevent h_gmbodi MENT) Flig og#y Opt T TSed e entrre
optimal -syistem of @ projeoGELy | ( PT O ©&d | OTT- LY PR I/ FFSIE
di spizay appar at us) |usi nzp.dol® PF O] eChlgpn D4
SO5PAB384WI00 opticdl systssmsacicor di Bgod 0| a SE¥@BI/AD.49
enbddi mentl of the ilnveddgwss3 [FI G d1oshpws an
enl dbged i ew of the pte%asessdi on opt Fezd §yst esm914/70.24he
diiadBamilll ustrati ng t W8.19é6ent h enBdell nent, P7
_d@ﬁ%gggla;LLnagp di<n|aﬂwﬁlpnpnt PA85Y nhge di spl ay
el erdnt_ P7 forps-tihe 1#2819393\ i nagd5234k f hce 1.8MB43THARge
boF 3,,1?83\, elerent py C§L35r3351?'89cnnt a0de | botive -
u'ut ﬁgﬁ%i‘l \ I I RN O ‘,n+64|1§q:94nrel,| '10ﬁ ] a| hﬁ?&é%_s&ﬁg ]
- 2 : H thJL\:Jn\ yol@.zg’m | : 1 n‘.:l‘o 35 +hn Al anr am
T iyr deyice \”,"’” ' 28088707 | T N 3000 | B 1727035772
PP7 zgenOLt.b apotartzi g 7e8am spt i2t15.vl18\ BS—;
dicnNroi ¢ Prissperc _
23 surface -73.93950 -120.000 Reflector (first mirror)
24 Asphertc . .69.01404 229652 | Reflector (second mior)
Projected ima
}surface 9 0.000
Aspheric coefficient for
surface 23
[K -8.47354e-001
A4 -4.50856e-007 || A6 . -5:49282e-011 | A8  7.19838e-015 | A10 -3.75857¢-019
Aspheric coefficient for
surface 24
K -1.43979e+001
A4 3.27859e-008 | A6 -1.83025¢-012 | A8 5.76078e-017 | A10 -7.70233e-022
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a TIR (Total Internal Reflector) prism and the |iKke.

STOP denotes a diaphragm Wile the projector needs

an illumnation optical systemto illumnate the

i mage display element P7, the illum nation @ptigakawooo

systemis omtted fromFIGS. 46 and 47. L71 denotes a

first optical systentonposed of a refracting optica

el enent. L72 denotes a second optical system conposed

of reflectors R71 and R72. The projection optica

syst eMFLTULGAPLS SFTEFLEHER Fie sKaBBS Gal LRy simagel Fisplay
econd _optical. system L72 and gui des the ,

T B ey Phhy & S R e o et F B e e ve

BOBAR Hi5Ph Y eh QBT b {01GRGLRRN Shel RAQLM AN .

I mage (secondary Irmage surface) on“the screen “e

The dhagptiieplapystesnt B8 nborama b dtt 811 88 €91 BBYE ins

at position Il in FIGS. 46 and 47. The image is then

1220e0teddpinal s ebhactioes BF10 . @difAied 0 £RE M gRUPidplay

image that is then forned on the screen S7. As shown
FHEEGE PA s aderpedfect] iechepfpe drodact hees Bhe tFlmmber

projection optical systemare rotationally symetric
Shoub- ad

TR S48 55 ARP STt Rivd Hngp, the Biagleedhi splay
i aler S n er ef Qre.rennved t
¢l diedindiecalg %é’ﬁ;rc%l}ﬁ?%ég' 58 N &xle rEER P&

of the reflect R7270of "t he second optica

. syst em1lg{244 noR@SR13RAVE09 1Ak | 2 B ROMS 4@k 8ok Vptical

nuneric val ue exanple 7 of applying specific numeric

3/ed iears atogottdéngr0p entndean cophilcal esygdleme .aceos di 41y dHdws

t he seventh enbodi nent. 56 S05P1384W00 [ Table 81 F
LoppchFigilde appBed (1592 thro@ghyvat ur ehiomnei v ati@ agot

_4e-line refractive radi usi ndex/ Abbe nunber)
lagram 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 on 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 projection 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 embodiments.

{(Seventh embodiment)

FIG. 46 outlines the entire optical system of a projector

(projection-type image display apparatus) using the projection
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Di spl ay el ement | NF1.400 surface 11 NF20.700 2

. I'NF12. 0001. 83962/ 42. 8 3l NF27. 3001. 51872/ 64.0

4] NF6. 050 559.2224112. 3001. 49845/ 81. 2 6-86.139544. 172

744.252139. 4091. 49845/ 81. 2 8-96.556884. 207 g505p1384W0O00

9-50.219381. 7791. 81184/ 33. 0 1034.237393. 003

1138. 8493910. 5531. 49845/ 81. 2 12- 33. 383222. 575

13- 35.324161.5741. 81184/ 33. 0 14-294.592468. 563

15-2771. 849105. 0431. 85505/ 23. 6 16-49. 2615010. 336 Di a

H’Pﬁlﬁ?NPE?t%qquqr@Pma‘ﬁfvsem eBBOBDALL. §f the invention.
=4 42821. 541 1945. 6821315. 1741, 59142/ 61. 0

S85179 T4 24797997 B8 eoRe 69615eseapDbia] systen.

GREE L R R M R
26AbtdS 1/ 142403 2512y 3248443: 306L. %Q(?él-/d‘}.%pﬁay element
28-48.48920170. 904 29Aspheric
Burfeweltitd brdhabp-ibhhelSbRefdeact Diie (fiabgstd IBP1=0" ¢ 1&fkent
- P7 can represent a reflective dot-matrix liquid crystal panel,.
adigitalmicromirrordevice (DMD), andthe like. 1Inthe diagram,
PP7 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 P7, the
‘illumination optical system is omitted from FIGS. 46 and 47.
L7l denotes a first optical system compdsed 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-modulated by the image display element P7 to the screen
87 to form an image (secondary image surface) on the screen S7.
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 R72 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 removed part

of the reflectors R71 and R72 of the second optical system L72.
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68. 49207 rojecte Aspheric surfacel NF364. 319Ref| ect or

(second mrror) image surface Aspheric nelficicnl for

surface 29 K-28531.19104 A40. 124362E- 07A6

0. 196046E- 11A8 -0. 206541E- 15A10 0. 103413E-19505p1384W000

Al2-0.290651L- 24A14 0. 357592E-29 Aspheric cedithnt

for surface 30 K-2.4470 Al -1.1474E-02A3 1. 3489E- 06A4

1. 1430E- 07A5 1. 8548E- 11 A66. 0609E- 12A8 2. 8004E- 16A10

-6. 6302E- 21A12 6. 8785E-26 Al44.6396E-31 57

sosp1§8ﬂ%@oﬁ)8k\e‘e%fietﬁgfqronw calud eramxEnploE Fppltiag
urface a concave reflector R72 contains

v

SR e e f‘r%%ueeﬁt CQ et aPROAET AP el Systen
Ibes &l e ot bR qﬁ %&k% ?ﬂe gquation 2 defines the
shape of the 30 surface. cordlng to nuneric val ue
exanple 7, the inmage display elenent P7 has an aspect
ratio of 16:9, contains 1920x1080 pi xels, and sizes
to 0.61 inches. The image display element P7 is
enlarged to 52.5 inches for projection. The F nunber
is 3.0.- The pixel size is approximately 7 gmon the

i mge di splay elenment and approxi mately 0.605 mm on
the screen S7. FIG: - 49 shows a spot diagramfor the
projection optical systemaccording to nuneric val ue
exanple 7. FIG 50 shows distortion. Field angles (1)
t hrough (15) shown in the spot diagramare
respectively generated from positions (1) through

(15) on the image display el enent P7 shown in FIG 48.
Ref erence wavel engths are 656.28 nm 620.0 rim
587.56 nm 546.07 nm 460.0
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nm and 435.84 nm The scale for FIG 49 is twce as

| arge as one pixel on the screen S7. As shown in FIG
49, the sufficient inage formation. capability
results. As shown in FIG 50, no renarkabl e gg&R8es4wo00
di stortion is found and the sufficient capability
results. Wien the projection optical system according
to the seventh enbodinent is applied to a projector
(proj et:taicpﬁn-t)ipe i mage display appar at us), the

proj ectiBh o t| cal systemcan be slinmed by disposing
F c.....u.oF‘,?. appropfiate positions simlarly to
6@5,& ove- e 5tt.’med firgt and fourth enbodi nents.
(Ergnth enuum m:m) 58—S6P1384W00 FI G 51 outlines
the entire optical gystemuek a[prq] €CTOr | Giass (e-ine refractive
(projection-type i mige didssl ay | appdF us) g Gbble AGmber)
BFRﬁye'eW"bn optical [systggm according j9 gn eighth

vvvvv d%enent of the igvention Fl G 52 Sshows_an

arnad 1/

en! tged{riew of the proiNEction nntzoﬂﬁp system In the
di-agh-am-HH--ustrating the™Bi ght h enb@d00pdt  Pp3962/42.8
tenof es—ap—-rage—ei-$p ay'N]E:! ereht— A7 nar v .1@%2&40
SUT fﬁiLU l fUl ||cd Ln +h i g: d: Séroggj \,! en\’la’b 5&1

) n. r A’:nt i12r\|

rhe ¢ mage| O bpl ay et t:l'n:_&:wg ) f _
M Cro mrfor device (Dl‘v 552 P T cutﬁﬂ%dgﬁ\,—rgs
an _igrumjnati on opt i Cal gfasgsEn to 1 |4|29-pn rate e
i mage di splay el €ment P.21b8¥ | 11 UMhigs | O ORGhfEdls3.0
systiem ij|s omtted from4d:EEs pIl andgbd. {LSL denotes a
firdt optiical systein cosgras®d DPf a webs aci ng 4oeBsh gal
el ed®nt. [182 denote$ a-3=gard ppticalszsyst em conposed
of d&flectors RR81 and-33R216 The pr ojsétt | on dBtiseas.o

Adm i conposed| of-2948246 r st op®Bis6Al | syst em L 81

At 5J’22'21L';]
o4

Mnd15 he slecond opti ~atZ77184910em | 82 AREB gui ded.86506/23.6
Ir_i).uu Cprirary i nage &) | i mad83%hdul ated by the
] DDE? '(\‘?l "pl ay elerept PéNE” th vv'\sééﬁy 58 tg form an
i ||u$§ (sgeondary— .'."ge’mig.bfgce on—{H% S"mﬂﬂ'am
Tl r s 1 + [ e Y b -542:8“ an |2|1'5;1 Al At
q;g Upl! cdl bybl C_II I_U445'6B2}f3llo att |1g;1.24 Gt uj‘xsg 45 Sﬁq
at o@pOST r on H—T Tt %912 ane—52- e frage—+S—treh
refpgected on refrertorgg 6% LD o AzRLpH
| mage thclt 'S then -513.97498 0.300
23 ' 1. 38.82080 7.423 1.67340/46.9
24 55.78713 11.970
25 - . el -68.01291 8.000 1.80831/46.3
26" 4575187 14,403
27 B : . -55.92187 13.306 1.81081/40.5
28 |- -48.48020 170.004
29 | Asphericsurface. | 1.01174E-05 -151.155 Reflector (first mirror)
30 . | Aspheric surface 68.49207 364.319 Reflector (second mirror)
Projected
image surface INF
Aspheric coefficient for surface 29
1 K -28531.19104
A4 | - 0.124362E-07 ] A6 ' 0.196046E-11 | A8 -0.206541E-15 | A10 0.103413E-19
A12 -0.290651E-24 | A14_ 0.357592E-20
Aspheric coeflicient for surface 30
K -2.4470
A1 ~1.1474E-02 | A3 1.3489E-06 A4 1.1430E-07 A5  1.8548E-11
AB -6.0609E-12 | A8 2 8004E-16 A10 -6.6302E-21 A12 6.8785E-26
Al14 4.6396E-31
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formed on the screen S8. As shown in FIG 52, the
respective optical surfaces of the projection optica
systemare rotationally symetric about an optica

axis AXIS8. In FIG 52, a broken line indicaie®18841w000
unused and therefore renoved part of the reflectors
RR81 and RR82 of the second optical system L82. 59

S05P1384WX00 Table 9 shows data for nuneric val ue
| ying specific nuneric values to the

exanpl e 8 of. ap
prorgcg#%ﬁfiﬂﬁﬁE%F“§§§ﬂ€nYa%6%8ﬁémﬁbefh Fhﬁﬁ%ﬁ@hfhriace,
odi 0 384 0 [Tahle 9] F nunper nch,
e S G o e SR
o€- | dis-abeasli \%gr@€¢X/ Abhe,nprder) i S%'b@(regl'nglqgfct)ned
| NF54. 000 surface Di aphragm NFO. 100 1
eZhalB31 15 A3 1000 1t He 15H 2T 031 t Be 1326182195386, 435
387.249149139. 9951. 76167/ 27. 31 4-111. 037020. 100
5- 477./69897163 10001 n80982¢ 381138 684mB0d 041tO0Amage display

742.779736. 8411. 56605/ 60. 58 _
gloneninBYhas gneepy3a 32t 28 o£( 6949 ¥83610s 1000x1080-pixels,

;Qé4s§§§§§§sQﬁ%{-%%%%éé?o' iajmmge display element P7 is

enlarged to 52.5 inches for projection. The F number is 3.0.
Thepixelsizeisapprbximately'?wnontheimagedisplayelement
and approximately 0.605 mm on the screen S7.

FIG. 49 shows a spot diagram for the projection optical
system -according to numeric value example 7. FIG. 50 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 §7. 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
capability results,

: Whentheprojectionopticalsystemaccordingtotheseventh
embodiment is applied to a projector (projection-type image
displayapparatus),theprojectionopticalsystemxxnlbeslimed
by disposing plane mirrors at appropriate positions similarly
to the above—mentioned first and fourth embodiments.

(Eighth embodiment)
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11-52.4868851. 478 12-931. 710665. 0001. 76167/ 27. 31

13- 302. 7800270. 336 1494.024407.5381. 76167/ 27. 31

15298. 103966. 199 16-186.5116215. 0001. 74794/ 44. 63

171081. 95709285. 517 18Aspheric SO05P1384W0O00
-83.79108-110. O00Refl ector (first mrror) surface
19Aspheric -177.21176260. 000Ref | ector (second mrror)
surface Projected i nage | NF1.000 surface

asphenccoeRi aernrorsurface 18 K-6,03097e-001 .
Ad>. 980557 DOFAG DS GO (P MRt He B3 TPSATD 86 L proj ector

- e- 0 2-2 52893e- 024 . . .
Aéf)jcoe% Foa_ég’FAg)lrgnsaéref%lcséj R IGEE PO S0P the quoje‘:tlon
i A6 B - . - o
100400, 030 ALD3 EoDT1e B8 61° CBRPITRREDD ® vention
ATEodi sipwscamEnBa t §ed/ ali 6@ o@XHEPb Lo foctd JaMED i i d1SSFk @sn.
the i mage di splay elenment P8 that has an aspect ratio
- of 16:19 theodiaynem 1280768 tphyetiss cinthtdi zebotibnént?/, P8
i,nches. The ina%g di splay elenment P8 is enlarged to

88 FThERe 1T CPPBIREITIGHeNtTheh PrABAbEriage3suThece is
BB £ LR AOBLE L LB O L1 TRIS LSRR
. P8 dda@p%gg&éﬁ% id%.g@(:_gyi el PeLwesn &g%éew&%ﬁagll S%ﬁie
el ement P8 and the projection optical syste lig
tﬁeprojectorneedsanilluminationopticalsystemtoiiluminate
‘the image display element P8, the illumination optical system
is omitted from FIGS. 51 and 52.
L81denotesafirstopticalsystemcomposedofaxefracting
optical element. ‘L82 denotes a second optical system composed
of reflectors RR81 and RR82. The projection optical system is
composed.of the first optical system L81 and the second optical
'system L82 and guides the light (primary image surface)
- image-modulated by the image display element P8 to the screen
58 to 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 RR81 and RR82 to form a pupil image that is then

. formed on the screen 88. As shown in FIG. 52, the respective
optical surfaces of the projection optical system are
rotationally symmetric about an optical axis AXIS8. In FIG.
52, a broken line indicates an unused and therefore removed part
of the reflectors RR81 and RR82 of the second optical system

L82.
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reflected on the inmage display el enent P8, passes

t hrough the diaphragm STOP and the projection optica
system and then reaches the screen S8. The di aphragm
STOP interrupts OFF Iight. The ON |ight pass&spr1384wWo00
t hrough the di aphragm STOP and enters the refracting
optical systemL81 to forman internedi ate i mage at
the position Il in FIGS. 51 and 52. The ON light is

t hen r@flfc e on .the _reflector RR81 to forma pupil
i mage. " The PragaSi LT EPF SUREHIO YL HR S¥eMPeetHP L RRBYYing
t r t e .. ElL.G. 54.shows, a spot
Rer i oeneRlo PRI REETED By matsediePin Rbesen: fyoen
ta@cBuaehd Ct o/ alHee %8R! SmiEsaFleGe .55 shows distortion.
Field angles (1) through (15) shown in the spot

di agram are respectively generated from positions (1)
through (15) on the inmge display el ement shown in
FIG 53. Reference wavelengths are 656.28 nm 620.0
nm 587.56 nm 546.07 nm 460.0 rim and 435.84 nm
The scale for FIG 54 is twice as large as one pixe
on the screen S8. As shown in FIG 54, the sufficient

i mage formation capability results. As shown in FIG
55, no remarkable image distortion is found. and the
sufficient capability results. 62 SO05P1384W000 When
the projection optical systemaccording to the eighth
enbodi nent is applied to a projector (projection-type

i mage display apparatus), the projection optica
system can be slined by disposing plane mrrors at
appropriate positions simlarly to the
above-nentioned first through fourth enbodi nments.
(Ninth enbodinent) FIG 56 outlines the entire optica
system of a projector (projection-type inmage display
apparatus) using the projection optical system '
according to a.ninth enbodi nent- of the invention.

FIG 57 shows an enlarged view of the projection
optical system In the diagramillustrating the ninth
enbodi ment, P9 denotes an i mage di splay elenent. The

i mage display element P9 fornms the primary inmage
surface. The inmage display el ement

60




P9 can represent a reflective dot-matrix |iquid

crystal panel,

and the |ike. |

pol ari zi ng beam splitter

TIR (Total Inte

STOP denotes a diaphragm While the projector
systemto illumnate the

an illum nation

i mgenfqiai)gl a%t]e

a digital
n the di agram

r nal

opti cal

| ement P9, the

mcro mrror

(PBS),
Refl ector) prism and the Iike.

devi ce (DMD)

PP9 denotes a

a di chroi

illumnati

C PBOSHL 3887000

needs

on opti cal

syste ted fromFIGS. 56 and 57. L91 denotes a
Fhimstsopt \,a. Systeme nmposed of a refracting optical
RLEGRNt . L92 ghotes a [second optical system conposed
of a reftector’ I—\IVU The projection optical systemis
conposed f the fi rél}rvaELgtl! g.al sy§tem L91 aad (§-hR refractive
econd opt} cal systlem 28HY | qui t hé lindepvibbe number)
PE?'?W"E nage surflace) jpage- mdul@toggl by the imge
nt P9 fn the screen S9 io rman inmge
(Q&P&rﬁ u{y Hrage—syr MF on the QNOJQQI $9__That is
the—first—i63—S05R1a84YpEANaM | Lol <3000 911, 753
£ e—rageta "*‘1 S50 Ty O3 6 55 and 57
L o then—tlefla IS T 9095 T 1 fegbyilr.3i
e |4nuge Ilb .lIICII | _qlmld'éy O Cl£| CIO!,I T ~vo—t O
or T TTEge l”d—!477'6§8 dren—forugg;on thr80@§§/§9c39
S9. 6AS SNOWN TN FING™ 544, 3044lE | ESPEGRYE[OpPt T Cal
surfaces gf The pijo] eCld@e; 0PI 1 cal gSyFt €T af £5605/60 58
rotagi onall y symmei[ri c -2agiz ap opBio6@l | axi 57352510
In F8G 57, a broken |i4p®opsrdi cat espam upused and
ther@®f ore irenoved part 496886 Concavess ef | ect.4uo14d240f
the Msecorld opticall sysi?e1#68892, Talsh@780| shows dat a
for Runerilc val ue exanP¥g1066of| appl $0Yy | spetiebr27.31
nuneldic vdl ues to fhe -#24B00% i hn oFPB%al | system
acco‘lfl’di Ag to-the.ninth U0 #9 nent l ﬁ§38§0%P13‘8W-31
FrabiPe 101 F nurbed | 298H0396, o[ £/ 3 B19%0[ g
L 16 ! -186.511621 5.000 1.74794/44.63
17 1081.95709 285.517
18 ‘;i‘;?ai’éc -83.79108 -110.000 | Reflector (first mirror)
19 ‘Zﬁ‘;:’ai’;’ 177.21176 260.000 | Reflector (second mirror)
Projected image INF 1.000
Aspheric cosfficient for surface 18
K -6.03097e-001
A4 2.98655¢-007 | A6 -1.62107e-011 | A8~ 1.53773e-015 | A0 -2.42130e-020
Al2 -2.52893e-024
Aspheric ooefficient for surface 19
K -2.90510e+001
Ad 7.12285e-008 | A6 -8.49805e-012 | A8 6.28723¢-016 | A10 -2.49940e-020
[A12 3.55011-025
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Curvature radiusinterval G ass (e-line refractive

i ndex/ Abbe nunber) Display el enent | NFO. 900 surface

11 NF30. 0001. 51872/ 64. 0 21 NF5. 000

362. 659029. 4021. 48914/ 70. 2 4-82.69896. 176 SO05P1384WO00
536. 3809510. 4751. 49845/ 81. 2 6-81. 1686. 000
7-37.17141.5391. 64940/ 31. 7 827.240783. 912

933. 0822710. 5041. 49845/ 81. 2 10-28.50412. 809
11-26.47251. 3411. 61864/ 34.5 1260. 763071. 402

1387. 855836147650 758SGAS7VE1Y9-SEmpdped, 1A PMD is used as

TREEYaBEE N o Aot %é@%ﬁﬁ%tlf%%i’a%%%égg’gg%m of 1619,
300117 33380 b FIT64° Ledrd 0001 4014 FoI - The image

\22%145536&&411‘5% 28- é:ﬂlgar%%@3t80§51 84§§él4ég(fo% projection..
24115. 635. 973 25426. 13136. 0001. 84829/ 29. 7

Dife 67 QuRBB250s (00 PHASPhesl ¢-i88. 935ap100:0@BRef L ect Qim on

first mrror) )
the image display element P8 and approximately 0.86 mm on the

-screenS8. AdiaphragmSTOPisprovidedbetweenthe imagedisplay
element P8 and the projection optical system. ON light is
reflected on the image display element P8, passes through the
diaphragm STOP and the projection optical system, and then
reaches the screen $8. The diaphragm STOP interrupts OFF light.
The ON light passes through the diaphragm STOP and enters the
refracting optical system L81 to form an intermediate image at
- thepositionITinFIGS. 51and52. TheONlight is thenreflected
~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

~distorticn. 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 ié twice as large as
one pixel on the screen S8. As shown in FIG. 54, the sufficient
image formation capability results. As shown in FIG. 55, no
remarkable image distortion is found and the sufficient

capability results.
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Projected i mage surface Aspheric coel Gci eM Rx

surface 27 K-2.641049 A40.111535E- 06A6 0. 386529E- 11A8
-0.317841E- 16A10 -0.822479E- 20 Al120. 452284E- 24A14

- 0. 631588E- 29A16 - 0. 186046E- 33A18 0. 528090E- 3® 565 384W000
S05P1384W000 According to numeric val ue exanple 9, the

i mge display elenent P9 represents a |iquid crystal
device such as reflective dot matrix liquid crystal

and is de5|%ned to be telecentric. The inmage display

el ement ot Brgﬁe%%?p?%qlﬁﬁt%@or@éﬂﬁdﬁ%@e eighth
; d t. 61 h
SrEOHERE B Shb BRI eS L Erl2a el | P s tagr g

BEobELY bBPardPEs I, tRERREK L8 Sh OB’C;L(T fs?lsffgl]n c%hzt% LPimed
approximately 7 mon the image display elenment P9 and
apptizriostngl ylihe/ RSrpor Ontt Agpseaeite FbG tRhSHOMBI A1y -
spot di agram for the projection optical system
sechhreliahpvieomsnrdpned v@lm ¢hanpble SuwfHGenbOdshemss .
distortion. Field angles (1) through (15) shown in the
spot @Fﬁﬁpaﬁpﬁ PRIPYEPect i vel y gener at ed from

) h, di
P o kA RO A Ll DRSSP S precton
: jggil e 7 Q7 4
ﬁ%ﬁband %§5Egg g%%g%ﬁgﬁgggg E%Br Epafﬁgggﬁgﬂﬂ%chféé?lon

bpir gex 1asy s t0Nea Praed it é B119ehesiboddmeA® cFOWM i hfedt {Gn .

59, the sufficient inmage formation capability

FEsub? shosis ashembaiged 3w 60, theop raenarikabdie: i gey stem.

distortion is found and the sufficient capability

resul t&, t@ﬁeﬁlﬁﬁéa%rb&%ﬁﬁqqﬂﬁlﬁgtﬁbalnsygheﬁmbmﬁxmanu;P9
0. t.he nth. enpodinent_is applied to a projector

(%epnrog]eésctal Onm?%/ J]s%ag e%ﬁr%?ﬂ y 'S]b%alrngtq?s)ilspi@y element
Pf 2bghib o gpulgﬁt i2U5L A:Ga.0e ld TRd, 0%,dL ggs%'f‘ ent

plane mirrors at "appropriate positions
rheanheygerenti Dred1 f&¢ St and- IﬁMfﬁqlgﬂpQ&i'&%@Eﬁl panel,
adigitalmicromirror device (DMD), and the like. Inthe diagram,
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.
L8l denotes afirst optical systemcomposed of a refracting
optical element. L92 denotes a second optical system composed
of a reflector AM%. The projection optical system is composed
.-of the first optical system L91 and the second optical system
L92 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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Table 11 lists related data and corresponding data for
condi tional equations (1), (2), and (3) according to
the above-nentioned nuneric value exanples 3 to 9. 66
NRmw a.oa ¢ Cc FRR E ormE N J] Yn ~N " NN &hls£1 38000
- 75{pa2 EW W U N W kw 'RCVv= CR~R~m3 L
NNNRL L wm NCCOCO0
optical system 191 forms an intermediate image at position II
in FIGS. 56 and 57. The image is then reflected on a reflector
AMY to form a pupil image that is then formed on the screen $9.
As shown in FIG. 57, the respective optical surfaces of the
projection optical system are rotationally symmetric about an
.optical axis AXIS9. InFIG. 57, abroken line indicates anunused
- and therefore removed part of the concave reflector AM9 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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[Table 10]
F number F/3.0
Inch size 62.6"
_ Curvature radius Interval (?Lads;xf':glt?: rr]ifrn?l;;élrv)e
Display element
surface INF 0.900
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 oy 33.08227 10.504 1.49845/81.2
10 -28.5041 2.809
1 R O -26.4725 1.341 1.61864/34.5
12 : 60.76307 1.402
13 ‘ 87.88232 6.476 1.756520/27.5
14 -32.7878 9.119 '
Diaphragm INF 13.175
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 5.690 1.84666/23.8
20 - -117.323 50.536
21 . T 68.56467 8.000 1.48914/70.2
2 46.45361 14.599
23 - 4o 149,905 3.005 1.48914/70.2
24 - 115.63 5.973
25 o 426.1313 6.000 1.84828/29.7
26 -670.278 250.000
27 | Aseheric -88.935 700000 | Reflector (first mirror)
Projected image
surface
Aspheric coefficient for surface 27
K -2.641049
| Ad -0.111535E-06 |{ A6’ - 0:386529E-11 | A8  -0.317841E-16 | A10 -0.822479E-20
1A12 - 0.452284F-24 | A14 -0.631588E-29 | A16 -0.186046E-33 | A18 0.528000E-38
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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 telecentric.
The imagedisplay element PO has an aspect ratioof 16:9, contains
1920x1080 pixels, and sizes to 0.61 inches. The image display
element P6 is enlarged to 62.6 inches for projection. The F
number is 3.0. The pixel size is approximately 7 pm on the image
display element P9 and approximately 0.725 mm on the screen.

FIG. 59 shows a spot diagram for the projection optical
system according to numeric value example 9. FIG. 60 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 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 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 corresponding data for
conditional equations (1), (2), and (3) according to the

above-mentioned numeric value examples 3 to 9.
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It canbeunderstood that the above-mentioned numericvalue
examples 3 to 9 all satisfy cénditional equationé (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, 5il, Si2, and Si3 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. The positions correspond topoints
(1), (7), and {13) in FIG. 22. The distances are Sil = 183 mm,
Si2 = 112 mm, and Si3 = 50 mm. Length Ls of the first optical
system L41 is 131.25 mm and satisfies conditional equation (1).
Any of numeric value examples 3 through 9 satisfy not only
conditional equation (1), but also conditional egquations (2)
and (3) (see Table 11},

Whentheabove—mentionedfeaturesandeffedtsareprOperly
used, it is possible to appropriately correct the distortion
and compactly construct the projection optical system excellent
in the image formation capability using a small number of
reflectors.

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
imagedisplayapparatusaccording1x:theinventionjjsapplicable
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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EEn mz >N \..JIJNNN N CIK hUlV10 N S05P1384W)00 It can
be understood that the above-nentioned nuneric val ue
exanples 3 to 9 all satisfy conditional equations (1),
(2), and (3). FIG 61 shows internedi ate | T@@8pr1384W000
positions for the first optical system L41 according
to the above-nenti oned embodinent 4. In FIG 61, Sil,
Sit, and Si 3 denote di stances. between the first

ogtical system L41 and internedi ate i mage positions
EOF F_ESTOMRA Y ¢ B0t He Ired 1S Y ) @ abaiiel t e ghmsen ppied ehl

es - _on,f.he screen, respect.ively. The itions
ST R s SO AR AU RS AT
Thet di st angesorhe: hdi %@‘&ics't z 112 mm and Si3

~ 50 mm Length Ls of the first optical systemL4l is

131. 25rham aBdvsatdifionsdc onthdd QRal se0udd | GRmel)c  AMie
of nuneric val ue exanples 3 through 9 satisfy not only
evamlr 4 omeite pepratdcortedidhe dpprciaisosteerdi dricomaheric values
equations (2) and (3) (see Table 11). Wen the
- EPbFES REFFCERBES FeaneF e §xanal et pécrdogdyangridsel hyention.
ed, it i.s.possible to approprjately correct the
%ﬁ%ﬁ%ﬂ?ﬁ%ﬁ#¥lgﬁdm88hp88£|ﬁggaﬁSFh%CFegﬁﬁgﬁﬁ%ﬂ%ﬁﬂﬂ%ﬂ?f the
_ | GalonS¥St gxecel [ e . formation
%ﬁﬁ%ﬁﬁ%ﬂnt§guggkg a é#%&%dnﬁﬁgégl%ﬁﬂﬁgg?lectors. The
above- nenti oned enbodi nents have described the
proj ection-type i mage di spl ay apparatus for projection
on the transm s3hdessci£empplitcabidbyy ous that the
projection-type image display apparatus according to
t he i ARENT B tionapyt ireablide Hwe anohpparat vptioal system
Qﬁj§gt{on on a refl ectjve screen.

atures a small depth and height and a large enlargement
factor. ‘The projection optical system is 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 narrow room.
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The above-nenti oned enbodi nents have described the
first optical systemand the second optical system
conposed of the 68 S05P1384W000 surfaces that are
rotationally symetric about the conmon opti 6abp1 8400
In addition, the invention is also applicable to
surfaces that are not rotationally symetric. The
above- nenti oned enbodi nents and nuneric val ue
exanpl es have represented the specific shapes and
nuner ¢ a¥BPFues .for the conponents as nere exanpl es

of eandéing_the I, nventi.on These specifics must, not,
cause ‘the* PECHRFEAPT SBEPEDISHHE™ FRY Ritliaggefoppect ion
LRLPEPEELEA QREELCLIVEld (LIGLRIL F 2 PRGN LAY o
The i nvention can provide the proj ectron oﬁil al
SYSdrRifryt hatadeaturesca swaklidepth agd fé%llg%i@?d SAde,
| arge enlargenent factor. The projection optica
sygieming:particularly appropriately applied to a

| arge rear projection television. |n addition, the

pr oj eét foretoprité apl sspsttem thatagoropr datiathgnedbat arigede
${ﬁ%ection onto a reflective screen and the like in a

DEeHTLPAEE HIRIF S8 42R%F W room 69 SO5P1384W00
Claing séﬁoﬁ% Brgkggiis'%t%%tﬂéé%n.S¥Stggggé¥'rg?igééngthat
"proj ection rom a primary inageg%ur ace existing at a

FRMICHY s SE88Ad Y Bna §ECAPHRLY aLIBOS: SYLEAGR S ShlRPate
at an enlarging side, conprising: a fTirst optica

[sysfegm that fornms an internediate i mage of the
primary i mage surface; and a second optical system
havi nghareone dvghtdfdagct mrvetllsaironf Brarse b her sétcbrdaripary

il mage surface according to the internediate inage,
WREFePRTE2FE (it WBarenFave?s Thomernadasnt Bragh sHdace,

(yrinary in@ e iurface t th center, of. the secondar
Tosses’an

Rge Surfgbe?a axils of ghe 1rs% optical system, rerletts
on the concave reflector, crosses the optical axis again, and

reaches the secondary image surface.

2. The projection optical system according to claim 1,
wherein the first optical system and the second optical
system include surfaces that are rotationally symmetric about

a common optical axis.

3. The projection optical system according to claim 2,
wherein the second optical system comprises only the

concave reflector.

4. The projection optical system according to claim 2,

wherein the second optical system has a convex reflector
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crosses an optical axis of the first optical system

reflects on the concave reflector, crosses the

optical axis again, and reaches the secondary i mage

surface. 2. The projection optical system aceusdhngai0oo

claim1, wherein the first optical systemand the

second optical systeminclude surfaces that are

rotationally symetric about a comon optical axis.

%.wlgg %rOJegtlon optl$ system according to claim 2,
&rel nthe "sEEINY opt %aPrs§§?Bﬁ+%%nﬁ%?%e%foﬁh? £RBCave

careave feflector. 4. The projection optical system

according to claim?2, wherein the second optica

system has a convex reflector 70 S05P1384W000 t owar d

an enl arging side or reducing side of the concave

ref | ect or The. prdjequrohestt iara10pybEah sayskra@mhaceodbng 2,

to claim?2, wherein the first optical systemforns

the i ritsurdai Bke fipageontvwaldsyheepriomasytherageermediate

urfagg rat.h r than the concave reflector of the

- SBEBNG BPEFACHL® BYSTRN 1B2ITHINIAGEEIThAT bpet ddile concave
§¥§Iég@&pq§%q%@95595&i%FgéFﬁédaﬁ%€%$n condi ti ona

equation ( el oW s sa ¥1ls is a length of
the first optical systemand Si is a distance between
the first optical systemand the internedi ate i nage.

(1) Sig.LsTke 2rojetheopropit@ehl 08y fdn GakosySh&Wo claim 5,
according to claim5, wherein conditional equation

(2) betheweiis coatitipral wheaeiG121) Sedodiist sce fletwiate
the first optical systemand the concave reflector
SR |1se“§t5a?%%P§| oty aptieak saistsmoind fé icoacdiatance

t S12 1/2 8. Th rojection optica
GEME Bhe £BeS B Tet R it g, DR S naperones Thage.
equat iign gg)LQeiQMIIS satisfied where SR12 is a _
dlstance bet ween the convex reflector and the concave

7. The projection optical system according to claim 5,

wherein conditional equation (2) below is satisfied where
S12is adistancebetweenthe first optical systemand the concave
~reflector and R is a paraxial curvature radius of the concave
reflector.

{2) 812 > |R|/2

8. The projection optical system according to claim 4,

wherein conditional equation {3) below is satisfied where
SR12Z is a distance between the convex reflector and the concave
reflector.

(3) SR12 > |R|/2
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reflector. (3) SR12 > |RI/2 71 SO5P1384W000 9. The
projection optical systemaccording to claim 2,

wherein the concave reflector is a rotationally
symetric and aspheric surface about the opkiheahsgawooo
axis. 10. The projection optical systemaccording to
claim9, wherein a function indicating a shape of the
rotationally symmetric and aspheric surface contains

an aspheric coefficient of odd-nunbered degree. 11.

The prbj e€ke dFodgeiéanr afsicah areerdiangordiny a:orrpgalm 2,
mherehﬂ}the concave reflector is shaped to decrease

cur vat'ii*& a8 di s?oﬁfﬁﬂﬁ¥ﬁg%ﬂCt€6ﬁV%ﬂrgﬁﬁFé%%ﬁ%%y?Yﬁmetrlc
GO0CAY 8l LRELOL, NEGOTRL Al shanl | romcthe opti cal

proj ection optic S sten1accord|ng to
cIa|n14 mhereln t he convex reflector contains at
| east one rotationally symetric and aspheric
surfadd.. 1Bhe Phejprol@cbpencopisiyedbnsysieamagay dilagn 9,
any of to clainms 2 through 5, wherein the first
optlcmhe§?SFémﬁ@ﬁﬁﬁ%ﬂﬁmmdnﬂﬁﬁmmgmbﬁéap¢@ﬁ&ﬂunnat&@uonally

s nmetr.ic (g S herlc surfaces. 14. A projection-type
iR st AP T BINTAn BSPheHic gerfEisient

2\ n for nmodul ati ng and out putting |ight
%d%%gé%ggi%ﬁ éegaroe ated fromthe |ight source based
on a video signal; and a projection optical system

for enlarged projection froma prinmary i mage surface

t owar d 1t heregud $éd irorMBanscd D s¢s 566 QREBEM i ng MRO81aim 9,
surface toward a screen, wherein the projection

opt i cahesgin ethd nolngdes: rafi¢csir dpt isbapedyst eirdiatse a
forms an internedi ate i nage

curvature against a paraxial curved surface as the concave

reflector becomes distant from the optical axis.

12. The projection optical system according to claim 4,
wherein the convex reflector contains at least one

rotationally symmetric and aspheric surface.

13. The projection optical system according any of to
claims 2 through 5,
wherein the first optical system contains one or more

rotationally symmetric and aspheric surfaces.

14. A projection-type 1mage display apparatus
comprising:
a light source;

modulation means for modulating and outputting light
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of the primary inmage surface; and a second optica
system havi ng. a concave reflector that forns the
secondary i mage surface according to the internediate

I mage, wherein a |light beamtravels fromtheggeptffawfoo
the primary image surface to the center of the
secondary i nmage surface, crosses an optical axis of
the first optical system reflects on the concave

refl ector, crosses the optical axis again, and

FaHdted frenskEed e ispagee shrfeton 85vighe signal; and

projection-type i mage di splay apparatus accaording to
cl ai mal%olﬁf‘ﬁélé’innoff 5'31 TEIChtrtanley9ee MTeAGCFhgn from
' t [ r s that are

S P Ly A AR R SRRk B g Sarogaary

ifagelROrPhOE eEsh L tyRe-bBRge di splay apparatus
according to claim 14, wherein the screen is

t ranswheseie; thehgrreijecthen sesteiatali s ydtsposed wiest:he
front of a cabinet that contains the |ight source,

t he nBdidzat ontheahsysass tihet 73r8e5R138awenodiate image
iy %%gction optjcal system and wherein the projection

| o’{)t' CaPT PRI MAGViSHES2ERT #%kd  proj ection onto the

transqgi ssi n.fromijts rear. 17. The

pr Oj eg]t?egénotﬁt%y%é{l%ﬁ%lges YESPI Y A ar SRR VAR e B AT Y £8at

- {Irdlsn s e 1Ny | . | S | i

S I A S

ieeee is provided a plane mrror that is disposed at
the top of the cabinet, reflects |light output fromthe
proj ech¢oaioptlighk bepsttamvednd rdefirecten theer 61 ght psdmasy
to reach_the transm ssive screen. 18. The

BPgReBPFBIES Vise thtnGenBRE pP Ry epFaFandary abieasialisvg fese,

claim 17 . . . .
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.

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

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

a common optical axis.

-16. The projection-type image display apparatus
according to claim 14,

wherein 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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wherein the second optical systemforns a pupil for

the internediate image onto the secondary i nage
surface outside a light flux traveling fromthe pl ane
mrror to the transm ssive screen surface. X95p788awo00
projection-type i mage di splay apparatus according to
claim 14, wherein a light beamtravels fromthe center
of the primary image surface to the center of the
secondary image surface and crosses the optical axis
REPRE APy SR Eal praRse; awd wherein there is provided
reflection.means that reflects the |ight beam between

the fiPEFAfd 2B P5Rd Ght L QPTLGel ehs tefPTvides enlarged
05 gé%ggqug%t et]ec li.ght _beam wi thin_a

ﬁorfzonta p gnéhgzéfhﬁdﬁgSS%%Fe%?F%%Q?@%@‘ﬁﬁﬁg@ear'

di spl ay apparatus according to any of clains 14
through 19, conprising:.at |east one plane reflector

- for frigely dilreectirngeatldmgtypepathagefl | Ricdiad yonapheratus

concave reflector, wherein conditional equation (4)
pefonding &&t cdpivdlwhere 0 is an angle forned between
the screen.and an outnost |ight beamthat is directed

 t ovar dTPRE BT RTPT O 0T PRRECH R FYEERBILS PERYidashal the
% 'qﬁg%xebggﬁigégﬁguépreen and passes a position

arthest fromthe screen. (4) 0.6 > tanO > 0.05 75
- wherein there is provided a plane mirror that is disposed

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.

- 18. The projection-type image display apparatus
according to c¢laim 17,

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

screen surface.

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

whereinalightbeamtravelsfromthecentefoftheprimary
- 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.

20. The projection-type image display apparatus
according to any of claims 14 through 19, comprising:

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

wherein conditional equation {4} below is satisfied where
0 is an angle formed between the screen and an outmost light
beam 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 > tan® > 0.05
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