23 October 2006 i DESCRI PTION Image Display Device Technical Field The
present invention relates to an i mage display device pref2ardbberag@sl for a
view finder of a video canmera or a head nounted type display or the like,
and nore particularly to a glasses type virtual imge display device
having a 'see-through function. This application of the invention clains a
priority based on Japanese Patent Application No. 2002-124824 filed in

April 25, 2002 in Japan. The eardi hcation is applied to this
application by referring theret Jbtggmbﬁ Art An inmage display device
used as a view finder, of a video canera. or a head nmounted type display or
the | i knagaDisplay Ideviger t o proposed. As such an inmge display device, a
virtual image display device forned by using a reflection type spatial

| i ght nmodul ator is proposed. As one exanple of this kind of inmage display
device, an inmage display device is disclosed in the description of US

PatentT%?hnféﬁPﬁiﬂeg&- The i mage display device described in this description
has a polarized beam splitter cube 125 of a cubic formas shown in Fig. 1.

Th | ari L. ) 125 has.a 2 2
e polari zedrDeam SRt iV aitich Rilatts to malagg d?scptl%(3 %%vﬁ:%ogreferab]y used

for a view finder of a video camera or a head mounted type display or the like, and
-more particularly to a glasses type virtual image display device having a
see-through function. |
| This application of the invention claims a priority based on Japanese
Patent Application No. 2002-124824 filed in April 25, 2002 in Japan. The earlier

application is-applied to this application by referring thereto.

Background Art

An image display device used as a view finder of a video camera or a
head mounted type display or the like has been hitherto proposed. As such an
image display device, a virtual image display device formed by using a reflection
type spatial light modulatbr 18 proposed.

As one example of this kind of image display device, an image display
device is disclosed in the description of US Patent No. 5596451. The image
display device described in this description has a polarized beam splitter cube 125

of a cubic form as shown in Fig. 1. The polarized beam splitter cube 125 has a




pol ari zed beam splitter surface 125E on a di agonal surface. This inage

di splay device has an illumnating |ight source device 128 @#dber@0pe!l ari zer
123 opposed to a first surface 125A of the polarized beamsplitter cube
125 which is disposed at an angle of 45 relative to the polarized beam
splitter surface 125E. A reflection type spatial light nodulator 122 is
opposed to a second surface 125B of bhe pol arized beamsplitter cube 125
which is disposed at an angle of 45 relative to the polarized beam

spl it t polaineddman spkitensiirfaceat? 51 oinea disigoBal sigfadel ve to the first surface
125A. A quarter-wave plate 126 and a reflection mrror 127 are opposed to

athird surf iek : A | : L §: | kS
parallel to ?ﬁgsgﬁrﬁ&ggl}?aﬁl%ggsqlnﬁﬂ?ﬁieml ma%lelkgg %%;E/ (%%\?(fé(l:@fg%%ns of
i ght |5 f iJ]umzanatin | ] source. device 121 penetrate the
polgar i gg%ol@%e,r @bhﬁ&q&n@ %gﬁﬁss%g%ﬁgéi ‘?’#OetﬁP Iﬂplweéfb% CHRC S
pol ari igg beans, re] ative to the polarized beam splitter surface 125E. The
- pol ari ‘Hﬁ’é’ﬂi‘slsad’éppﬁﬁfd 8¢ padarglet oo 4p3 Irglativedtobthenpokapizedt beam wsplittee  125E

and pol arized by 90 and the pol ari zed beans reach the reflection type

spat i asutfaght] 258dul At reflec?idn Ty rsphiigk lipght beadslatay WRDCHy bbgosélp'téré zed
states are nodul ated in accordance with a display image are emtted from

the 1ol SREIRECTRIBE B P& d B i) Chpe AR & JBRRATEF  Sop
Guar 1 o bl o By SFi5Eve RERE S81aterdinedi seliorswbive bR an adananei
Oc.t O-be(gf %gerelgtive to the first surface 125A. A quarter-wave plate 126 and a
| -reflection mirror 127 are opposed to a third surface 125C of the polarized beam
splitter cube 125 which is parallel to the second surface 1258.
In the image display device, beams of light emitted from the illuminating
light source device 121 penetrate the polarizer 123, so that the beams become
- ltnearly polarized beams as S polarized beams relative to ﬂw polarized beam
splitter surface 125E. The polarized beams are reflected on the polarized beam
splittér surface 125E and polarized by 90° and the polarized beams reach the
reflection type spatial light modulator 122. The reflected beams in which the .
polarized states are modulated in accordance with a display image are emitted from
the reflection type spatial light modulator 122.
P polarized components of the reflected beams relative to the polarized

beam splitter surface 125E penetrate the polarized beam splitter surface 125E, pass

through the quarter-wave plate 126 and are reflected on the concave reflection




surface of the reflection mrror 127. The reflected beans in the reflection
mrror 127-pass through the quarter-wave plate 126 agai 13 Gaolidna004 he

refl ected beans becone S polarized beamrelative to the polarized beam
splitter surface 125E. The reflected beans 128A that reach the polarized
beam splitter surface 125E are reflected by the polarized beamsplitter
125E and pol ari zed by 90, reach the pigil 131 of a human being and are
observed in an observation area 130. anot her exanpl e of the image

di spl ayurdace of tharefleviipm dhigpt d27deViTeereflscte beamsea the réMectitns afitmeli on of
US Patent No. 5886822. The inmage display device described in this
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on o dPSCRUTEIS et bRt RelaTagD dic BolFiAse, bewn SRR PedhcadvsEpu do
300 made of an optical nediumis provided on a first surface of the

pol ar i ¥he reBaetedreane 128 Avhag oeachitheppelatizad beammspjitterofurftcer E25E iave t o
the polarized beamsplitter surface 324 to optically conme into tight

cont actefléictdd bi Eth@?b?drizbﬂcbéwﬁrsgﬁﬁer 1RSE ﬂ@?oﬁﬁ%ed By 90N e tﬂe"@iopi?”d

part of the optical wave guide 300, a fir ens 360°is di sposed

an kL of ATnih Beireia ATAER A bloh BBstRIST YRS S50 1 this
i Spl 2y of e/t SBOBSS CEARINS L e AR AIEHEY debiCsagn IAEeCIEDIBy deaRRh ( he
28 O_Ctigbgirscl%%gg in4the description of US Patent No. 5886822. The image display
device described in this description has, as shown in Fig. 2, a polarized beam
~splitter cube 301 having a cubic form like the above-described image display
device. The polarized beam splitter cube 301 has a polarized beam splitter
surface 324 on a diagonal surface.
In the image display device, an optical wave guide 300 made of an optical
medium is provided on a first surface of the polarized beam splitter cube 301
disposed at an angle of 45° relative to the polarized beam splitter surface 324 to |
- optically come into tight contact with the polarized beam splitter cube 301. At
the terminal end part of the optical wave guide 300, a first lens 360 is disposed to
optically come into tight contact with the optical wave guide 300. Further, an
- image display element 320 is opposed to the first lens 360.
In this image display device, image display beams 308 outgoing from the

image display element 320 are incident on the optical wave guide 300 through the




first lens 360, reflected on the polarized beamsplitter surface 324, and
then, emtted through a second | ens 370 and reach the pusiOctbRf 2006 an
observer. In this image display device, a virtual image is forned by the
first and second | enses 360 and 370. In this inmage display device, since a
| ar ge physi cal distance can be provided between the image di splay el enent
and the virtual image formng | ens, #he inmage display el enment does not
need to be provided just in front of the eyes of an observer. The degree
of frelnynlans 360; geflected domrthagpolasizgd| beayn. splitter surifade 804 herd exanpl e of
the i mage di splay device, an inmage display device is disclosed in Japanese
Pat ent einéd difough 4 sécbri@rienis 590 #0rkad 48 pupil S0 HFah BBEGVEL S PRhigev ce
g. 3, |

described in the publication, as shown in F splay l'ights emtted

from ' | e tec~all owed to be incident. on a I sm
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bet ween ‘iﬁ? reflecting surfaces 202a and 202b opposed to each other in

this pff 802 and to be guided to an enlarging | ens. The inage display

el enment 201 in the inmage display device serves to nodulate intensity. As

the enl ar gi ndnl s, imagefdigplay odevigpe simdeoar &rgbeplysi€d ditane e¥adbe The

reflection type hologramlens 203 forns a virtual inage. That is, in the
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an observer. The degree of freedom in design is advantageously Iargé.

=

As a still another example of the image display device, an image display
device is disclosed in Japanese Patent Application Laid-Open No. 2001-264682.
~In the image display device described in the publication, as shown in Fig. 3,
display lights L emitted from an image display element 201 are allowed to be
incident on a prism 202. The display lights are allowed to be reflected a plurality
of times between two reflecting surfaces 202a and 202b opposed to each other in
“this prism 202 and to be guided to an enlarging lens. The image display element
201 in the image display device serves to modulate intensity.
As the enlarging lens, a reflection type hologram lens 203 is émployed.
The reflection type hologram lens 203 forms a virtnal image. That is, in the
image display device, the display lights L emitted from the image display element
201 are incident on the prism 202, and then, internally reflected a plurality of times

between the two opposed reflecting surfaces 202a and 202b. Then, the display




lights L to which the reflection type holograml|ens 203 gives a power for
forming the virtual inmage are enmitted fromthe prism 2023andoleeactst he
pupil 204 of an observer. In this inmge display device, while the display
lights repeat an internal reflection in the prism the display lights are
transmtted to the enlarging lens. Therefore, the inmage display device can
conveni ently decrease the thickness off an optical systemnore than the

i mge di splay device shown in Fig. 2. In the above-described i mage display
devi celightshb torabishaihepteflectionitype hobogvan berfsi 203 givesa powbr foofiratingas

described below. Initially, the beans fromthe illumnating |ight source

devi cethe? ¥inpedlt invagePases ehlitted fhom ﬂfHJBﬁHQmS%OQ ﬂ%?? b ;flitﬁl %!4%%5&‘1 beam

splitter cube 125 as stray beam 128B as shown by okenfr1nes in Fig. 1
and r_eaﬁg?[ﬂ,gle pupil 131. The stray beans 128B constitute noise for inage
data drspl'ayed by the reflection type spatial |[|ight nodul ator 122 and
deteriorate the contrast of the displayed inmage. In the optical system of
the i mage di J& thys dmageedisplndevice; yhile therdisplailights vepeat aor intarnati t
pupi | dianeter or a display angle of view of the optical systemis

rest r i xeflettiospon dhar prismyt thee displayflighite apel panszeittcierminpehldrging Wik, 125

for polarizing the reflected beans 128A for displaying an i nage toward the

DL TRBAIONthe akSiag | S UYL REEEASE ORI 0
o vy 5 SRAEAE Rk b2 BB oy o o 200 beam

In the above-described image display devices, the image display device
shown in Fig. 1 has such problems as described below.

Initially, the beams from the illuminating light source device 121 partly
pass through a fourth surface 125D of the polarized beam splittér cube 125 as stray
beam 128B as shown by broken lines in Fig. 1 and reach the pupil 131. The stray
beams 128B constitute noise for image data displayed by the reflection type spatial
light modulator 122 and deteriorate the contrast of the displayed image.

In the optical system of the image display device shown in Fig. 1, the
maximum value of an exit pupil diameter or a display angle of view of the optical
system is restricted depending on the size of the polarized beam splitter cube 125
for polarizing the reflected beams 128A for displaying an image toward the pupil
131 side. In the image display device, in order to increase a value such as the

maximum value of the exit pupil diameter or the display angle of view while a

constant eye relief is maintained, the polarized beam splitter cube 125 needs to be




enl arged. When the pol arized beamsplitter cube 125 is enl arged, the
thickness of all the optical systemis inconveniently inZye©asbe z0d the
weight is also increased. The polarized beamsplitter cube 125 form ng the
i mage di splay device shown in Fig. 1 is hardly produced and a production
cost. thereof is high. Accordingly, the manufacture of the entire inmage

di splay device is difficult and the ngnufacture cost thereof is
undesirably increased. The i mage di splay device shown in Fig. 2 has such

pr obl ercnlargedes dVhir dhe pelanized bearaplister tiise 19898 eflia¥Péd \he MickBess N 1 0
Fig. 2 has a structure that the maxinmum value of an eXit pupi|l dianmeter or

a di splaAythenspticadbystemMisOinces hAgli ' ' dependi ng on
the size of the poYari zed bea%elgl%rlﬁ?tné?ég%g%@é%%Mﬂ@% 5@&1{1 a I mage
di spl ay beans i4S. i mage. di spl ay ice, in order to_increase a
val ue such as@%&%ﬁ?%rﬁw Eﬁ? rtcﬁbeelﬁte ¥ﬁ!¥@%‘inlg aleaﬁﬁ@&@ displahdevigespl ay
angle of view while_a,constant eye relief is maintained, the polarized beam
spl i t t SNOWHEN L. ahdis hardht ipattuoed enduiadpradictimeddso thercor! &r gigh. Wen
the polarized beamsplitter cube 301 and the optical wave guide 300 are

enl ar geteartimgly Hhelmamsfacturelof thbentins imiabe amgle@;zg' Vick € gﬂ‘gﬁgﬂit%ﬂhltﬁ? Cer

I ncreased and the weight is also increased. T ari ze am spli

cube f engfdTlctube chstaHEredIfSP 9% | rdly produced and a production
cost thereof is high. Accor iﬁﬁg Y, I?ﬁléééﬁ% ifacture of the entire inage

di spl ay devi c@.i i ffi.cult and the nan cture 23 COctober 2006 7
' sptay deviCepd ?mg:ge display d&Vice shown i ig. 2'has such problems as described

below.

Initially, the image display device shown in Fig. 2 has a structure that the
maximum value of an exit pupil diameter or a display angle of view of an optical
system is restricted depending on the size of the polarized beam splitter cube 301

- for reflecting the image display beams 308. In this image display device, in order
to increase a value such as the maximum value of the exit pupil diameter or the
display angle of view while a constant eye relief is maintained, the polarized beam
splitter cube 301 and the optical wave guide 300 need to be e.nlarged. When the
polarized beam splitter cube 301 and the optical wave guide 300 are enlarged, the
thickness of all the optical system is inconveniently increased and the weight is
also increased.

The polarized beam splitter cube forming the image display device is
hardly produced and a production cost thereof is high. Acéordingly, the

manufacture of the entire image display device is difficult and the manufacture




cost thereof is undesirably increased. The image di splay device shown in
Fig. 3 has such problens as described below. The inmage dilsptiayerdeosce
shown in Fig. 3 uses a decentered optical systemwhich is nore suitable
for a thin structure than the image di splay devices using coaxial optical
systens shown in Figs. 1 and 2. However, the reflection type hologramlens
203 can not be arranged so as to be quallel to the pupil 204 not to

i ncrease an aberration, that is, cannot be arranged so as to be

per pendosutheredfs undesizablyciakcrensed. of the pupil 204. Accordingly, in the
I mage di splay device, in order to increase the exit pupil dianmeter or the

di splay angl e VA | . the thic ss of .the..prism
202 is increagg ﬁgin t(ﬁgpf&gf%ﬁ?&% gﬁé“f’giﬁﬁlgﬁﬁgéﬂ}? P&ﬁ@oﬁ@%‘@stem
form ngﬁihe i mage di splay device shown in Fig. 3, the reflection type

hol ogr @%ns 203 on which the I mage di splay lights are incident and that
is inclined with respect to the optical axes of the image display |ights
has the power Therimageridigplayedevice sliowmegeFiglhat uies, a t décenefbi capticalst em
is the decentered optical system A quantity of eccentricity inthis

opt i cabystgsi emicli iemore. suit®lefed § thin sirlude M He %{gﬁ%@a@ﬁ?}pheg%ggence

-of the image display lights to the reflection type gra ens s an
cyet enthag peddal RotPal RO AT 1 AE 3, Howrbtk B8 eBecior 2006
8 type hologram lens 203 can not be arranged so as to be parallel to the pupil 204 not

to increasc_: an aberration, that is, cannot be arranged so as to be perpendicular to

- the optical axis of the pupil 204. Accordingly, in the image display device, in
order to increase the exit pupil diameter or the display angle of view of the optical
system, the thickness of the prism 202 is increased and the weight is also
increased.

In the optical system forming the image display device shown in Fig. 3,
the reflection type hologram lens 203 on which the image display lights are
incident and that is inclined with respect to the optical axes of the image display
lights has the power for forming the virtual image. That is, this optical system is
the decentered optical system.

| A quantity of eccentricity in this optical system, that is, the angle of
incidence or the angle of emergence of the image display lights to the reflection
type hologram lens 203 is an angle exceeding 10° in a medium forming the prism

202. In the optical system having such a quantity of eccentricity, an enormous .




gquantity of eccentric aberration is generated. It is difficult only for the
reflection hologramlens 203 to correct the eccentric al@®r@abbarz00én this
i mage di splay device, a high resolving power, for instance, an MIF

(Modul ation Transfer Function) not |ower than 20 % cannot be ensured for a
spatial frequency of 50 |ines/nmm Eﬁsc?osure of the Invention Exanple
enbodi nents may provide a new i nage di Splay device that can solve probl ens

of a usnantityeofeeatenfriagbeteniion is EXasRIE] © id}ﬁﬂ;uz% royi de-an.i mage
di splay device for formng a vi r?ﬁal i&rr%a{ggﬁggI an i g@g’dﬁ%&ﬁ‘aﬁﬂ%ﬁﬂ%t and
di spl apiclggAimi18RE203 k& Eﬂ(}h lekness of an optical systemis
decreased,gi ts wei ght i(s:&ﬁk'e utgre%cgﬂh%%ﬁg%rﬁwab devi ce can be nmade conpact
and its wei ghtInQﬁﬂ .be re ucled. Exanpl e enbodi nents may provide an inmage

di splay devi ce i HHIER APPiay Gevies, gi highireselving pawei, $pt tsiang, and¥ITH ew
and an(ﬁé?em{el.l ef can _be increased while an entire device can be nade

conpach: latign Eragsfer Functien) @otdetrernthaan2@b%" EAddt bé rsRAUFSGr 4 D

- accordance wWith a first aspect of the present invention, there is provided
an i mespattlsipeqyenbsofc30 HAsyhimi Ng: an i mage display el ement, a

transm ssion type diffraction optical elenent for diffracting exit lights
fromthe image display elenent and a reflection type optical elenent
havi ng positive 23 COctober 2006 9 optical power for reflecting the

di f”%is%i'oédr%*}} E‘h?&'éxf&"o% transm ssi on type

Example embodiments may provide a new image display device that can

solve problems of a usual image display device.

.Example embodiments may provide an image display device for forming a |
-~ virtual image of an image display element and displaying an
. image, 1n which the thickness of an optical systém is decreased, its weight. is
reduced and an entire device can be made compact and its weight can be reduced.

Example embod_iments may provide an image display device in which an

-exit pupil diameter, a display angle of view and an eye

relief can be increased while an entire device can be made compact and 1ts weight

. can be reduced and an aberration is reduced.

In accordance with a first aspect of the present invention, there is provided
an image display device comprising: an image display element, a transmission type
diffraction optical element for diffracting exit lights from the image display element

- and a reflection type optical element having positive




diffraction optical elenent, wherein when the reflected lights reflected by
the reflection type optical elenent having the positive20@desr 20@nver are
i ncident again on the transm ssion type diffraction optical elenent, the
transm ssion type diffraction diffracts the reflected lights with a
diffraction efficiency |ower than a di9ffracti on efficiency for the exit
lights fromthe inmage display elenent” I n accordance with a second aspect
of  he aptizabpovew €0t ireflectife” thd HiffRidud SRENAN Ho AhedBRbATesIBN | Gpe
conprising: an inmage display elenent, a transmi ssion type diffraction

opt i cadifehetindptical elchRSRi Wi exit lights fromthe image -di spl ay el enent
and a reflection tyglg opti %QF%Iiﬁ}é{r‘?gntbgt{gﬁ?ﬂagéfgé@srﬁf'?%t@ddmth@a[ﬁ lecdigar f or
refl ecbi’n% tBegﬁx't | i g{};s féﬁm the, image display el enent which pass

t hr oughYE$h EPHFANLE t iavip dheipositive ppficabppivgr are|isgigdant agaisoon thei ng
diffracted in the transnmssion type diffraction optical elenent, wherein

- when' t transgnssaen dype i dififractied | gpticadl dlgniche, tes Itmn&hﬁssimaﬁpepdifﬁabﬁoml enment
having the positive optical power are incident again on the transm ssion
type - ¢ | ' BN :sslon type diffrgction

opti caﬁmir{aggcemém%%dﬁg?tgg%t he rtgf Pg@,té%%ﬁf:éméﬁ% F’H"% @‘iaf‘f?ac@ fagon
efficiency higher than a diffraction efficiency for the exit lights from
the i ﬁﬁ%}@ PR{he-exitdigtits from theimpage displagictenest. in the i mage di spl ay
device, as the transm ssion type diffraction optical elenent, a ‘
hol ogr aphi ¢ Ipobgemrdadée peitts el deicand daspexs tafl theHBRIseht Apvémpdn, ehepeng t hat
mainly diffracts P polarized incident 23 October 2006 10 lights and hardly
di f f r aptavideddah dhbge didpsy 86Vke chaipriging aflesi rably used. At the

imagé dispiay element, a transmission type diffraction optical element for
receiving exit lights from the image display element and a reflection type optical
element having a positive optical power for reflecting the exit lights from the
image display element which pass through the transmission type diffraction optical
element without being diffracted in the transmission type diffraction optical
element, wherein when the reflected lights reflected by the reflection type optical
element having the positive optical power are incident again on the transmission type
(diffraction optical element, the transmission type diffraction optical element
diffracts the reflected lights with a diffraction efficiency higher than a diffraction

efficiency for the exit lights from the image display element.

In example embodiments, in the image display device, as the trans;ruission
type diffraction optical element, a holographic polymer dispersed

liquid crystal (HPDLC) optical element that mainly diffracts P polarized incident




same time, since the polarized directions of image display |lights incident
on the HPDLC optical elenent are different by 90" from tizos&osdr Zobe
reflected lights reflected by the reflection optical elenent and incident
again on the HPDLC optical element, a quarter-wave plate is desirably

di sposed between the HPDLC optical elenent and the reflection optical

el ement. I n exanpl e enbodi nents, the thitansni ssi on type diffraction optical

el enenty; i Gt i an ecgentri.c aberration generated in
the i rrgbégﬁgi@& ;}W&gﬁ{fg‘%ﬁﬁas Ofg‘{lgﬂz%@geﬁﬂeiﬂégw ith degisahlyt usosh t hAt ithege
di spl ay. | eppent an the reflectjon type optical elenment having the positive
‘opti cal ﬁﬁ/\gﬁ?e’%ﬁ? ¢ qiojarizededrsetionsued ispepeedisplay Hihfsr meidenw @i dié ngs
formng_the transm s%i on type diffraction optical element are uneven. In
exanpl giﬂ%&éiqmmai,e emecoptare aifforsitupy 'Y fSm he t4i ' : er
than 1 is disposed in an optical pat F\‘ﬂ%et ween t he igéra%geﬁlgie[ggl%ggéaepg@gt and
t he tr seledtedi thepeefliédtid bt ' lye e 1Rus. the le t he
g_p]'g :c cal path lg;gt Welen the i ng’gge?ll sp %‘gf‘l'eﬁg‘&ﬁé}g?& Egl%‘ht P’én%lﬁi gjﬁlﬁa ype

i ffraghis nt in terms air can be decreased and an
ef f ect ?@ge?og%?ﬁ#@;& ﬁh%g&ﬂ%@ve r@?{eebgtﬁﬁﬁ‘ifﬁlﬂﬁedléﬁwf@abe@mﬂme HRDIG t he
positive ‘Ogﬂt l,cal ngovxgr can_be decreased. Consequently, the enlargenment
magni f PRUY Siicment an ghe geflectipn epticalielemenncr eased and the size of the

optical systemcan be cut down. In exanple enbodi nents, the inmage display

devi ce has Wegémﬁﬁté]ﬂ : gg 11 _arrangenent structure that the image

-~ display el ement ahd t gédr"é '?t t&hpétﬁnﬁmg%‘piy%ﬂfﬁac“on optical element has a
function for correcting an eccentric aberration generated in the image display lights that are

eccenprically incident from the image display element on the reflection type optical
element having the positive optical power. Accordingly, the forms and spaces of

diffraction gratings forming the transmission type diffraction optical element are

“uneven.,

In example embodiments, an optical medium having a refractive index
larger than 1 is disposed in an optical path between the image display element and

~ the transmission type diffraction optical element. Thus, the length of the optical
- path between the image display element and the transmission type diffraction
optical element in terms of air can be decreased and 5n effective focél Iength to the
reflection type optical element having the positive optical power can be decreased.
. _Consequently, the enlargement magnification of an optical system can be increased

- and the size of the optical system can be cut down. |

In example embodiments, the image display device has an




- enbodi-

el'ement having the positive optical power are optically eccentrically
arranged. Thus, an entire optical system can be realized3 ®Ohblsd 2086t hi nner
and lighter than an .optical system of other system having the sane exit
pupi | dianeter and display angle of view The inmage display device has a
decentered optical systemso that the transm ssion type diffraction
optical element can correct the generdtled eccentric aberration and the

opti cal ' [ sol vi ng. power, can be realized. Still other

obj cor S ¥REGL SR B B Bed iR eiione aad denrallpeondypeiopseaby ¢ he

exanpl e enb%gi ments Wi ll heconme nore apparent fromthe explanation of
FACHEN, diing dhepositive ontigarpower tee tpticalipvesoentridallyetrRged, pti on

of the Drawings Fig. | is a side view showing a usual inage display device.

Fig. 2Thns ag entirei apticahsystem mpbbeéali@é@!whieﬁ%ﬂﬁh]ﬁéﬂg%dﬁgm&eﬂl ig 31is

a side viewshowi ng a still another usual i mage di splay devflce. Ig. 4 1is

a si de optieal SyewWn? GFostheR98ef i accordi ng.to the present

i nvention. Fi gg 5is a siiqgg Sﬁie\ﬁvagﬁy(%mﬁ% Sgﬁlgt%g?pél odfamster Spga‘ﬁs%ge

- displa evd a tding to . the present invention. Fig. 6 is a side view
~ showi né"%gsc\f/ﬁ‘ﬁﬁ”aﬁﬁ? [fepd H{?BEﬁyni%‘f'c%haﬁrﬁW@j@@Q opticalmyste?n @6 thathai spl ay

devi ce,_according, to h&& present invention. Fig. 7 is a side view showi ng a

Cstill -Eﬁ%?’ﬂé%s'%ﬁﬁm fclisn grticalnglematitsgaraygodest the geserated &deentrie

present, i nventi on. _

- aberration and the optical system high in its resolving power can be realized.

.. Still other objects of the example embodiments and specific advantages
- -obtained by the example embodiments will become more apparent from the

explanation of embodiments described below by referring to the drawings.

Brief Description of the Drawings
Fig. 1'is a side view showing a usual image display device.
Fig. 2 is a side view showing another usual image display device.
- Fig. 3 is a side view showing a still another usual image display device.
Fig. 4 is a side view showing an image display device according to the

present invention.

Fig. 5 is a side view showing another embodiment of an image display

device according to the present invention.

Fig. 6 is a side view showing a still another embodiment of an image




Fig. 8 is a side view show ng other enbodi nent of an inmage display device
according to the present invention. Best Mde for Carryi ng Gibbdrh2e0s

I nvention Now, an inage display device according to the present invention
will be described below by referring to the drawi ngs. The i mage di spl ay
device according to the present invention includes, as shown in Fig. 4, an
illumnating light source device 10, gytransm ssion type spatial [|ight
nodul at or 20A, an HPDLC opti cal elenen% 50 as a transm ssion type

di f f r adiisplay dpvicealccotding o thé poespng inwintimye plates 60 and 61, an
adj ustable curved face sem -transmssion mrror 70 as a reflection type

optical elene ' : | td apt | -pol arizin | at e 80.
The |i ght sou?%géhggé{hgglt%opﬁiéséhg’%gg '%%ﬁyugﬁ%ﬁéﬁ- ?@g%oadf%%&g O:f +r-|1 gﬂﬁggour ce.
The |ight ,source devic 13 gﬂcludes a light guide plate 12 for guiding a

| i ght 1RIAY dgyiceagee RdNE PRYSCBhHNGDBON aser |1 and an optical film 14.
Lights emtted fromthe sem conductor |aser 11 are incident on the |ight
gui de pl ate 1Pigrelids of side yyewhshawingesther hbodingdnitsofiianhirnbge display on
intensity uniformed and angle of energence controlled by the |ight guide

- plate dvegidccbrding ao tex pieseut idemtibgd. 23 October 2006 13 111 uninating
lights A outgoing fromthe exit surface 13 pass through the optical film

14 disposed in parallel with the exit surface 13. Thus, the angle of
energence of the lights is further controlled, and then, the lights are

:’2]?: gg feaﬁ%@gﬁormﬁ]gs lilqpt{l;letﬁ/)%ntsl I:itt ial Iight nodulator 20A. A
Now, an image display device according to the present invention will be
described below by referring to the drawings.
The image display device according to the present invention includes, as
shown in Fig. 4, an illuminating light source device 10, a transmission type spatial
- light modulator 20A, an HPDLC optical element 50 as a transmission type
diffraction optical element, two quarter-wave plates 60 and 61, an adjustable
- curved face semi-transmission mirror 70 as a reflection type optical element having
a positive optical power and a polarizing plate 80.
The light source device 10 uses a semiconductor laser 11 as a light source.
The light source device. 10 includes a light guide plate 12 for guiding a light flux
emitted from the semiconductor laser 11 and an optical film 14. Lights emitted
from the semiconductor laser 11 are incident on the light guide plate 12 made of a
synthetic resin. The lights with illumination intensity uniformed and angle of

emergence controlled by the light guide plate 12 exit from an exit surface 13.




the.drawing is provided on each surface of the light guide plate 12 except
the exit surface 13. The illumnating lights A incident 23p@aobda@006

transm ssion type spatial |ight nodulator 20A in which the intensity of
each pixel is nodulated in accordance w th inmage information corresponding
to a displayed image by the transm ssion type spatial |ight nodul ator 20A

are emtted as image display lights BgAs the transm ssion type spati al

l'i ght nodul ator 20A, for exanple, a I'iquid crystal may be used. Here, the
i mge Hiwpieating bights B aueaiet dioimnge &gt barfdee 13 ?Ja§§ tioubh ﬂ%@'@}iﬁ@a@t I on
relative to the HPDLC optical elenment 50 on which the imagé display lights

B Hned 1} i ; i t tl
5 ar & BHHS AU kel ST e iR B8 S Rl Snathigelge Y
e e S0 B Ayl gl R o 4ol oGP

incident lights of P polarization and hardly diffract incident lights of S

- pol ar i ranswIssion: typalspatisl lightsmodulathe 20age Adrafidction shegh ot Bhiowai dient on

the HPDLC optical elenent 50 are diffracted and incident substantially

per penghiecdawihy it garbhi@leﬂlmi b&dh Y@fecdbaliee ﬁght %ﬁid@%ﬂ'ﬁ’@m@;@@?t it Shig HPDLC
a

optical elenent 50 has a structure such as difffraction grating 1n which

l'i qui dstﬁ'?éﬁ%t | ayers and pol yner | ayers are sequentially arranged in
e

stri pes. PDLC optical elenment 50 has either such characteristic to
diffract P arized. |l ights .and not. .to diffract S polarized lights, or such
POYre 1lfum1nat1%g lights A incident upon the transé)nsswn type Spa%al light :

modulator 20A in which the intensity of each pixel is modulated in accordance
with image information corresponding to a displayed image by the transmission
type spatial light modulator 20A are emitted as image display lights B. As the
‘transmission type spatial light modulator 20A, for example, a liquid crystal may be
used. Here, the image display lights B are determined to be the lights of P
polarization relative to the HPDLC optical element 50 on which the image display
lights B are subsequently incident.

- The image display lights B are subsequently incident on the transmission
type HPDLC optical element 50 at an angle of incidence of about 45°. This
"HPDLC optical element 50 is a holographic polymer dispersed liquid crystal which

- is formed so as to mainly diffract incident lights of P polaﬁzation and hardly
diffract incident lights of S polarization. Accordingly, most of the iinage display
lights B incident on the HPDLC optical element 50 are diffracted and incident

substantially perpendicularly to the quarter-wave plate 60.




characteristics as to diffract S polarized lights and not to diffract P
polarized |ights depending on the oriented directions of23nDéteisdtlzess of the
liquid crystal layers. In the quarter-wave plate 60, the direction of a |lag
axis is adjusted so that the image display lights B as linearly polarized
lights are converted into circularly polarized Iights. The inmage display
lights B incident on the quarter-waveipl ate 60 becone the circularly

pol arized lights and the circularly polarized Iights are incident on the

adj ust abl e cuThedHRIDECS epiicilr altsi®s 50NhM 4 Qfruéire HACR: ad he difeidient i on
surface of the adjustable curved face sem-transmssion mrror /0 has only

L L e
| S . u - us urv
bom < i niPet! oAneTHILC Shsal Eiement il Mesoakhgasiduaberadigstiondge

display lights B are reflected by the adjustable curved face

sem - t fldfeact sBi polatizedbrlights t and onot atovidiffuadt iSvqudariied | Behted éf Ghuch from

t he adj ustable curved face sem -transm ssion mrror 70, that is, virtual

i mage chapkatistics fﬁs&o@iﬂﬁr@ct@@bﬁﬁiﬂeda%g‘ﬁt@ £ ﬁ&t@m%iﬁ&é&f}; PRz @lﬁsw and
h | mage

pass through the quarter-wave plate 607 Thus, the virtua spl ay

i ghts . o riz lj.ghts. At.this tinme, the
23" cc; ARGt Ein B Wicrted HteLUOEPRF tnelBoMes SRt bliolimydlal lafst po ar i zed
l'i ghts but tgﬁ pol ari zed Ii%ht relative to the HPDLC optical el enment

~ 50. Conseque @‘,e ULtV aYRPlg ‘Frééethfﬂdgﬁpﬁ?ﬂ of ghleg agimiscadjustedysodthiat r act ed
in the HPDLC optical elenent 50, pass through the HPDLC optical el enent
and arthei imageedisplay lightspB mis lirkd@lyopolanized lights are converted into circularly

polarized lights. The image display lights B incident on the quarter-wave plate 60
become the circularly polarized lights and the circularly polarized lights are
incident on the adjustable curved face semi-transmission mirror 70. Here, the
reflection surface of the adjustable curved face semi-transmission mirror 70 has
only one plane of symmetry parallel to the sheet of a drawing in Fig. 4 and is
formed to have no rotation symmetry axis inside and outside the plane, what is
- called a free curved face. Since the adjustable curved face semi-transmission
mirror 70 has the positive optical power, the image display lights B are reflected by
the adjustable curved face semi-transmission mirror 70 to form a virtual image.
Reflected lights from the adjustable curved face semi-transmission mirror
70, that is, virtnal image display lights C are incident again on the quarter-wave
~plate 60 and pass through the quarter-wave plate 60. Thus, the virtual image

display lights C are returned to the linearly polarized lights. At this time, the .




observer. In the image display device, the image display lights B are
diffracted in the HPDLC optical elenent 50 so that the ilsaQeaobiropbay
lights B are incident substantially perpendicularly on the adjustable
curved fact sem -transmssion mrror 70. Therefore, an eccentric
aberration generated in a decentered optical systemis hardly generated.
On the other hand, background lights fpgthat reach the rear side of the
adj ustabl e curved face sem -transm ssion mrror 70 pass through, as shown
in Fi gvirtual imegealisplayi lights| Gtareatbt ﬁi@ePS}ﬁﬂaﬂﬂe&qglﬁ'buW@ @@6!&12@& the
r_

adj ustabl e curved face sem -transmssion mrror 70, the quart wave pl ate
60 andlighes HThkie t@lﬁﬁéPﬁ‘DEt}f‘é@ e e . pupi.l 100 of

t he obs‘?fhver. The background F%ﬂ%?geﬁggg%gﬂ'nopb%ggmﬂgﬁgﬁgﬁéﬁtlﬁ@ge _
backgr i S e _ineid on th larizing plate 80. However, the
backgrgma#i] R g %{[’%5 ei#o‘ﬁgt%a‘ftﬁa lﬂpgﬁlgm pirical gdement 13kt passe

lights becoHe linearly polarized lights. Then, the Ilinearly polarized

| i ght sthyeught theo kiDL optiseh eleuant endwaree iptident 6, theopupdt (00 eof hinear | y
pol ari zed lights becone circularly polarized lights. Further, the

ci rcul ebsgrvenol ari zed |ights pass through the quarter-wave plate 60, so
that the circularly 23 October 2006 16 polarized |ights becone linearly
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- substantially perpendicularly on the adjustable curved fact semi-transmission

mirror 70. Therefore, an eccentric aberration generated in a decentered optical
system is hardly generated.

On the other hand, background lights D that reach the rear side of the
-adjustable curved face semi-transmission mirror 70 pass through, as shown in Fig.
4, the polarizing plate 80, the second quarter-wave plate 61, the adjustable curved
face semi-transmission mirror 70, the quarter-wave plate 60 and the HPDLC
optical element 50 and are incident on the pupil 100 of the observer. The

- background lights D are not polarized before the background lights D are incident
‘on the polarizing plate 30. However, the background lights D pass through the
polarizing plate 80, so that the lights become linearly polarized lights. Then, the

 linearly polarized lights pass through the second quarter-wave plate 61, so that the
linearly polarized lights become circularly polarized lights. Further, the circularly

- polarized lights pass through the quarter-wave plate 60, so that the circularly




case, the quantity of |ight of the background Iights D reaching the pupil
100 of the observer depends on a transmittance (for instmsno&ob&mos 50 %
in the adjustable curved face sem -transm ssion mrror 70. The pol arizing
plate 80 or the second quarter-wave plate 61 is rotated on an axis

per pendi cul ar to each plane so that the quantity of |ight of the background
| ights D reaching the pupil 100 can'b%vari ed. For instance, the second
guarter-wave plate 61 and the quarter-Wwave plate 60 are arranged so that

| ag axgwlarifed lightsdreeones HResH¢ woRiri t iZ64 1 | zi ng
pl ate gg IS rotgt ed so that tﬁg penZtgtqua inggli lﬁg%g(?ﬁlgﬁfesﬁetclﬁg‘ﬁ%% pl ate

Thus. - TReobec b Rah FbAEly 07U shE BPDIT] Gpd i, Samesiarth e togns

source_devic side.in the HPDLC optjcal elenent 50. Accordingly, the
quant i P?T%?Zq%i églﬂtstﬂfem&dﬁ’agwgﬁé‘?gd the baekground dights Bt arermothdiffsagtetl in00 can
be reduced to, for instance, about 10% The inmage display device according

t o t heths EBIALG apteali elemeny Heand veastd theapupiloMI of ti dbsérvelY BSiHEG 2
reflection type volune hologramlens 71 in place of the adjustable curved

Shown T B o o ae frEN ﬁgtﬂ?gnga‘f%*hin? E?ﬁqﬁse”ét%?@%@t%@%@@:aﬂﬁé; 2006
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reflection tfgge vol.ume hol,ogramlens 71 and a pol arizing plate 80.
curved face semi-transmission mirror 70.

The polarizing plate 80 or the second quarter-wave plate 61 is rotated on
an axis perpendicular to each plane so that the quantity of light of the background
lights D reaching the pupil 100 can be varied. For instance, the second
quarter-wave plate 61 and the quarter-wave plate 60 are arranged so that lag axes
of them are perpendicular to each other. - Further, the polarizing plate 80 is rotated
so that the penetrating lights of the polarizing plate 80 Eecome the P polarized

- lights relative to the HPDLC optical element 50. Thus, the background lights D

are partly diffracted toward the light source device 10 side in the HPDLC optical

element 50. Accordingly, the quantity of light of the background lights D

incident on the pupil 100 can. be reduced to, for instance, about 10%.
- The image display device according to the present invention may be
- formed, as shown in Fig. 5, by using a reflection type volume hologram lens 71 in
place of the adjustable curved face semi-transmission mirror 70. This image

display devi(:e includes, as shown in Fig. 5, an illuminating light source device 10, - .




Theslight source device 10 formng the i mage di splay device shown in Fig.
5 uses a sem conductor |aser 11 as a light source like t8 O¢rake 2d006p! ay
device shown in Fig: 4. The light source device 10 includes a

sem conductor laser 11, a |ight guide plate 12 for guiding a |ight flux
emtted fromthe sem conductor laser 11 and an optical film 14. That is,
lights emtted fromthe sem conductor {lhaser 11 are incident on the |ight
guide plate 12 made of a synthetic resin. The lights with illum nation

i nt ensia yefievtionrtypd spatiablichngioduditoe | t '

gui de plate 12 eﬂzipt Sfp?o?n aﬁ exi t usut‘r)f g???%’f?ﬂ%ﬁé?ﬁ%p?%ﬁ?s@lgg& goi ng
from tdhsicxl igal, fil 4 djsposed in
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lights rther controlled, .only S polarized conponents are nminly
refIect%oaoéténéTWIngE@&@W%PW‘@&%, and then, incident on the

reflection type spatial |ight nodulator 20B. A reflection sheet not shown
in the draw nbh¢ bight seurgedlevice b@ foxmingrthe infagehdisplaghievies sfowh # Fig 12
except the exit surface 13. The illumnating lights A incident upon %he

ref| ectS ases ypensipshdattorilasdr 1Meduw Ftes%%?ﬁ] 'ﬁk\é’hﬂh%%%er ﬁg&bﬁ'ﬁ%ﬁ%gic%t ate

~ of each pi xel is modulated in accordanc I'mage 1n . .
odur atarVg0R B3, [ PR REBE sRECC 1B intfideS ssend Dbl Sases 111 8”beam
exarpl Szt 20id& plal€ 12 bortriatie wifEhuSix wmitisd!omibe ssesienagbetor dascts
mainly transmts P polarized conponents. Accordingly, the |ights whose
pol ar | dcAngkan eptiealdfilm 14. That is, lights emitted from the semiconductor laser 11
are incident on the light guide plate 12 made of a synthetic resin. The lights with -
illumination intensity uniformed and an angle of emergence controlled by the light
- guide plate 12 exit from an exit surface 13. Iluminating lights A outgoing from
the exit surface 13 pass through the optical film 14 disposed in parallel with the
exit surface 13. Thus, the angle of emergence of the lights is further controlled,
only S polarized components are mainly reflected by a polarized beam splitter 15,
and then, incident on the reflection type spatial light modulator 20B. A reflection
sheet not shown in the drawing is provided on each surface of the light guide plate
" 12 except the exit surface 13.
- The illuminating lights A incident upon the reflection type spatial light
modulator 20B in which the polarized state of each pixel is modulated in

-accordance with image information corresponding to a displayed image by the

reflection type spatial light modulator 20B are incident again on the polarized . .




nodul ated in the reflection type spatial |ight nodul ator 20B pass through
the polarized beamsplitter 15 so that the |ights are cameébesd 2006
intensity-nmodul ated inage display lights B and the inmage display lights B
are incident on the relay optical system 90. The relay optical system 90

i ncludes an inmage formng lens 91, a plane reflecting mrror 93 and a
field lens 92. In the relay optical sigtem 90, the image display lights B
are initially incident on the image foFmng lens 91, emtted lights of the

are initially incident on the g |

ol octing miTor 93 Thecaonreaon (8 WAL mElRatE 2B 9 RBIE *"°

: ial i eal. | O0pf th flecti i tial |ight
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subsequeTt I.g/d'nnci dent on the transm ssion type HPDLC optical elenent 50 at
an angPOIFHZEM, GATBPRRENS. abdGeoMBNgZIyThtherHights opttiosal pelasizedt sEes sare

hol ogr aphi ¢ pol yner dispersed liquid crystal that is forned to mainly

di f f raenodulatedem the greffectionPtype! spatzdt fight anethilaiort 208 Ilﬁésrsaﬂ{ro%'glli'%@e nt
lights of S polarization. Here, since the inmage display 1ights I nci dent

e A
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guarter-wave plate 60, the direction of a lag axis is adjusted so that the
i mage QPYEAlSysiem B as linearly polarized |lights are converted into
circularly

The relay optical system 90 includes an image forming lens 91, a plane
reflecting mirror 93 and a field lens 92.  In the relay optical system 90, the image
display lights B are initially incident on the image forming lens 91, emitted lights

—of the imagé forming lens 91 are incident on the field lens 92 through the plane
reﬂectjng mirror 93. The emitted lights of the field lens 92 form an aerial image
(real image) 110 of the reflection type spatial light modulator 20B. The image
display lights B forming the aerial image 110 are subsequently incident on the

~ transmission type HPDLC optical element 50 at an angle of incidence of about 45°.
The HPDLC optical element 50 is a holographic polymer dispersed liquid crystal
that is formed to mainly diffract incident lights of P polarization and not to diffract
| incident lights of S polaﬁzaﬁon. Here, since the image display lights B incident
on the HPDLC optical element 50 are P polarized lights relative to the HPDLC
optical element 50, most of the image display lights B incident on the HPDLC

optical element 50 are diffracted and incident substantially perpendicularly to the -




polarized lights. The inmage display lights B incident on the quarter-wave
plate 60 becone the circularly polarized |Iights and the 23 oaub&doge

pol arized lights are incident on the reflection type volune hol ogram | ens
71. Since the reflection type volune hologramlens 71 has a positive
optical power, the image display lights B are reflected by the reflection
type volune hologramlens 71 to formpg virtual inmage. Reflected lights
fromthe reflection type volunme hologramlens 71, that is, virtual inage

di spl aguaﬂtgwwve;da@gfﬁci dent again on the quarter-wave plate 60 and pass
t hrough the quarter-wave plate 60. Thus, the virtual inmage display lights C

are returned kot drteerhly pPbH0, 1R€ dideehibs -oé%lt Ilagmxgs %é;}?&jtufgfega‘;so\ég{agual

i mage display lights C are not the P polarize rized

i ghts |V Aa; . .optical,el ement 50. Consequently, the_ virtual
i mge g{egiplﬁé a%/é/ﬁfsgjﬁ?% hgﬁts;ﬁ gsrqépgqr!y Bf’*afr}z&gﬁ&htﬁ Q¢ ﬁ@n\@‘%ﬁ_ 1 giGIEcaady enent
50, pass thrag}gg theTHPDLC (apt ical elenment 50 and are incident on the

pupi | B@lgrige sefpedmags display fights B issident oevthe euattermwave plate 66, t he
aberration of the image display lights Bis corrected in the HPDLC opti cal

el emerbe@nerthet kircukirlye golarized Vighty odndrahbotisailaay! Eafari&%danghan appti cal
path is corrected. The correction of the optical path neans the correction

o, el markuahon O BN Sl ROTABIIAT, ..
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retl e(ﬁéhotg éyar%g reflected by the reflection type volume hologram lens 71 to form a
virtual image. |

Reflected lights from the reflection type volume hologram lens 71, that is,
virtual image display lights C are incident again on the quarter-wave plate 60 and

pass through the quarter-wave plate 60. Thus, the virtual image display lights C
are returned to the linearly polarized lights. At this time, the virtual image
display lights C are not the P polarized lights but the S polarized lights relative to

the HPDLC optical element 50. - Consequently, the virtual image display lights C
are rarely diffracted in the HPDLC optical element 50, pass through the HPDLC
optical element 50 and are incident on the pupil 100 of an observer.

In the image display device shown in Fig. 5, the aberration of the image
display lights B is corrected in .the HPDLC optical element 50 and the reflection

type volume hologram lens 71 and an optical path is corrected. The correction of

the optical path means the correction of difference in optical path generated




vol ume hol ogramlens 71. Wien a volune hologramis used, such a difference
in the optical path can be corrected. The HPDLC opti cal 2l@#askd 2060 has an
effect of nore increasing a quantity of eccentric aberration capabl e of
bei ng corrected than a case in which only the reflection type vol une

hol ogram l-ens 71 is used. In other words, the HPDLC optical element 50
controls the optical path of the im display lights B incident on the
reflection type hologramlens 71, so that the HPDLC optical elenent 50

i ncr eabetweere theu sidei of thé refleetion itgpabvohimei lgslogeanbleds of1 AehNthe Félé%eCt ed.
On the other hand, background lights D that reach the rear side of the

ref I echpifall Ry JOUIRT H ﬁﬂé%@iﬂo@éﬁoﬁ%ﬂf@x%?qy{,\g@@%llhsgtsgég?@?pﬁ%&ggﬁigét Pon

the polarizing plate 80, the second quart'er

type v . r ens /1. .the arter-wave, plate 6Q and the "HPDLC
opt | caﬁhgg% %%?Aﬁggﬁgﬁ %ﬁﬁelqcﬁ%?’ﬁélﬂ%%%sq W&Csﬁwqahyé@lb e ¥edlesHoBtYPe . The
backgroupd | ights D are _ not_polarized before the background lights D are

i nci deNeiwsne balogsamdens Ty pWiea svolunmehelogramt isaisedc uptoa différeghé #n D pass
t hrough the polarizing plate 80, so that the |ights becone linearly

pol ar i hedopticghpath darebe cofectéchearly pol ari zed |ights pass through the
second quarter-wave plate 61, so that the linearly polarized |ights 23
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. only the reflection type volume hologram lens 71 is used. In other words, the

HPDLC optical element 50 controls the optical path of the image display lights B
incident on the reflection type hologram lens 71, so that the HPDLC optical
element 50 increases the quantity of eccentric aberration capable of being
corrected.

On the other hand, background lights D that reach the rear side of the
reflection type volume hologram lens 71 pass through, as shown in Fig. 5, the
polarizing plate 80, the second quarter-wave plate 61, the reflection type volume
hologram lens 71, the quarter-wave plate 60 and the "HPDLC" optical element 50
and are incident on the pupil 100 of the observer. The .background lights D are
not polarized before the background lights D are incident on the polarizing plate 80.

- However, the background lights D pass through the polarizing plate 80, so that the
- lights become linearly polarized lights. Then, the linearly polarized lights paés

through the second quarter-wave plate 61, so that £h3 linearly polarized lights =




el ement 50. In the "HPDLC' optical elenent 50, since the S polarized |ights
are hardly diffracted, the background |ights D are not dif®stasdre@dosn t he
"HPDLC'" optical element 50 and reach the pupil 100 of the observer. In
this case, the quantity of light of the background |ights D reaching the
pupi |l 100 -of the observer depends on a transmttance in the reflection
type vol une hol ogramlens 71. The polﬁi zing plate 80 or the second
guarter-wave plate 61 is rotated on an axis perpendicular to each pl ane so

t hat thecmerktlrctlﬂaﬂg pobirizeds lights. bFak@ieputite clrcalirsy Rgxa?a%al sRupi |

100 can be varled of instance, the second quarter-wave pl a and the
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so that. th etra ht t he arizing plate 80 become the P
pol ari i‘é‘ﬂ ?Y PE‘ZP gst §s Wm&gb& relative| endhr "BPDLGUsopticad
background |ights D are artly diffracted toward the |ight source device

10 si delamentid). HPL the PHPEALC" @pticehelefitent ACK; sindentileyS polerizpdalights aref
l'ight of the background lights D incident on the pupil 100 can be reduced

to, fohaidigtdiffiactedDatt B&Yeordhisd i11EEE 10 5l Ay Qﬁfﬂrﬁeghg\ﬂmﬁhus c5 uses

the rel ay optlcal system90 to formthe aerla | mage
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reduced and t rra nific i}ggn of a djsplay inage can be |ncreased
A cur 98y 9 @Eff ts Rareprhing thefpupil 109 ofithe obs@zer Now, a
still another enbodlnent of the imge display device according to

depends on a transmittance in the reflection type volume hologram lens 71.

The polarizing plate 80 or the second quarter-wave plate 61 is rotated on
an axis perpendicular to each plane so that the quantity of light of the background
lights D reaching the pupil 100 can be varied. For instance, the second

quarter-wave plate 61 and the quarter-wave plate 60 are arranged so that lag axes

of them are perpendicular to each other. Further, the polarizing plate 80 is rotated

so that the penetrating lights of the polarizing plate 80 become the P polarized

lights relative to the HPDLC optical element 50. Thus, the background lights D

are partly diffracted toward the light source device 10 side in the HPDLC optical

- element 50. Accordingly, the quantity of light of the background lights D
incident on the pupil 100 can be reduced to, for instance, about 10%.

‘The image display device shown in Fig. 5 uses the relay optical system 90

to form the aerial image 110. Thus, an effective space between the reflection type

spatial light modulator 20B and the reflection type volume hologram lens 71 can .




t he- present invention will be described by referring to Fig. 6. The inmage
di splay device shown in Fig. 6 includes an illum nating 13 gbbbagawoee
device 10, an illumnating optical system 30, a reflection type spati al

| i ght nmodul ator 20B, a light guide prism40, a transm ssion type vol une
hol ogram optical elenent 51, a reflection type volunme hologramlens 71 and
a polarizing plate 80. The |ight sourgg device 10 form ng the inmage displ ay
device shown in Fig. 6 uses a sem conductor |aser 11 as a |light source

| i ke t foe reduved deddhitoptidairagepnificsibrof dedisphry Hssd babe SALYcasedievice 10

formng the image display device includes a sém conductor |aser 11, a

i ght  gwirele] el |1 . A fromthe

sem conduct oghiﬁa%e%ﬁrlﬁlﬁgrr%% l%t%fl?lga#lgﬁ% F‘%léﬁm{%ﬁ)gg%m tted fromthe
sem conduct orN aser 11 are inci de(ilt on qtatha{E l.i ght guide plate 12 nade of a
synthetic resty?VV>rhelll T gmpodimentiofdhe dmagedisplay deyiaer ancosdingrte an

angl e of emergence controlled by the light guide plate 12 exit from an
exit sii¢ peesen IIIVQHtIlethher@SICrlbbdisefermug gy Fig.ofo t Thednidgesdisplage 13
pass through the optical film14 disposed in parallel with the exit
surf acdetive Thown theFangb emiud@naﬁgﬁmﬁm%h%gyt 9&tuikck Sddwits NG an

e r ed on

controlled. A reflection sheet not shown int awm ng is provid

h a _polarizing plate 15 so that the

{hroushyide oRbical bLbmA RS Slrouat s ol aleng plae 1 g 1]
reflection type volume hologram lens 71 and a polarizing plate 80.
The light source device 10 forming the image display device shown in Fig.
6 uses a semiconductor laser 11 as a light source like the above-described image
display device. The light source device 10 forming the image display device
includes a semiconductor laser 11, a light guide plate 12 for guiding a light flux
emitted from the semiconductor laser 11 and an optical film 14. Lights emitted
from the semiconductor laser 11 are incident on the light guide plate 12 made of a
synthetic resin. The lights with illumination intensity uniformed and an angle of
emergence controlled by the light guide plate 12 exit from an exit surface 13.
Hluminating lights A outgoing from the exit surface 13 pass through the optical
film 14 diSpoSed in parallel with the exit surface 13. Thus, the angle of
emergence of the lights is further controlled. A reflection sheet not shown in the
drawing is provided on each surface of the light guide plate 12 except the exit

surface 13.




The* pol ari zed directions of the illumnating lights A at this tine are set
to directions for P polarized lights relative to a bel ow3deasbérireds HPDLC
optical elenent 32. The illumnating lights A that pass through the
optical film14 are incident on an illumnating prism31 formng the
illumnating optical system30. The illumnating prism31 has a first
surface determned to be a plane of ipgidence of the illumnnating lights
A. The illumnating prism 31 has a second surface inclined to the first

surface to whilbiminagingelightsdAspassireg b thptoptidal diledat pasd 2heishtt he
~reflection type spatial light nodulator 20B are united. The illumnating

prism gdldipa fkr santl al i . 4 rst
surfacg to vvlkllggkll thI(eS %gﬁf %lﬂﬁghggﬁgg 1@@%@@@?3@%@&@@8@2&1 {hghfs'gui de
prism ' j_t.ed, | 1 lumd nati ng | j.ght incident on the illum nating
prism @Gabélahll&r?@i ggﬁgﬁgﬂét e%ﬂb&“ﬁﬂf‘hg& ﬁ%ﬁén&‘ut&t?ﬁ‘m rYRet fE set to
illumnpating prism3l. At this time, an angle of incidence of the

i1l umi dHecHens ifgnid pelarizeddightsiireintvie ther belowrdesatibed HPDIIE iptical at i ve
to the HPDLC optical elenent 32 is set to about 25. Since the illum nating

| i ght selamenti 3%t The illhmih@Rhe lights delth&l pASNhrRelf e Opech fibgl P4 azed
lights relative to the HPDLC%ptlcaI el errlgar? 32§2gsubsta tially all a%‘ﬁe

o) erercigont' Gf b {INRRAGPrig 1 ovinile (b0 Bk pedabsss @ o6
on't norpEA T BT Rl RRG itag drisrined i beeplsb o rCideece ar
part Otgf ttl?ee ﬂTE%I%t(i)rfé'ilicgellllts eA'e m':i"rlllte fllzliminating prism 31 has a second surface
inclined to the first surface to which the below-described HPDLC optical element
32 and the reflection type spatial light modulator 20B are united. The
illuminating prism 31 has a third surface substantially perpendicular to the first
surface to which the plane of incidence of the below-described light guide prism 40
'is_ united.

The MMuminating lights A incident on the illuminating prism 31 are
incident on the HPDLC optical element 32 from the Jluminating prism 31. At
this time, an angle of incidence of the illuminating lights A in the medium of the
illuminating prism 31 relative to the HPDLC optical element 32 is set to about 25°.
Since the illuminating lights A incident on the HPDLC optical element 32 are the P
polarized lights relative to the HPDLC optical element 32, substantially all the
quantity of the illuminating lights is diffracted by the HPDLC optical element 32.

The illuminating lights A difﬁ'ac_te'd by the HPDLC optical element 32 are incident




The-illumnating lights Aincident on the reflection type spatial |ight
modul ator 20B in which the polarized state of each pixel I¥ QaobéSyogy i mage

is nodulated in the reflection type spatial |ight nodul ator 20B are

refl ected and incident again on the HPDLC optical elenment 32. As the
reflection type spatial |ight nodul ator 20B, for exanple, a liquid crystal
may be used. The P polarized |lights which are not nodulated in the
reflection type spatial |ight nodulator 20B are diffracted again in the
HPDLC &pbsteatially eparpendizudarly rant theedflectismeypé aphtiab dighe amedilasg 20Bsi de.
S pol arized lights nodulated in the reflection type spatial [|1ght

rodul adp63eR iae Relr s bf R ABDICA 3hcal el ement 32 and pass
t hr ough tphe HPDLC opt ip(?gf el enent 32 chﬂgggﬁlee‘ﬁ?%ge di splay lights B. The

i mage di spl aym.i.g o] | nteensi ty-podulated_|ights in which the
intensity of T@%e%ﬁ?@&ﬁ?‘% thtﬁ Shingidept an the reflsetion dypenepatishdighti spl ay
lights Bciire ig(‘f!ﬁr_nal ly reflected in the illumnating prism31 and exit
from t FPAHAtr 208 iacwhigh theypolanized state of eachspixal of An displdy drmg8dsi s
sandw ched in between the third surface of the illumnating prism31 and

t he pl aredwatednin dieeaeflettidhetypeospatialli liehtPhicdilABr Z'Ul?tarf:i feflectdde ahdBoe

~display lights B outgoing fromthe third surface of the 1ll'umnating prism
of "t nei e eh i SRR R defehP 32 Sy Bk R Bl susliet e
RIS el S s PSR 2L
| nt heligﬂtasl which g)rse 1518t }Il%a(i[ulétgg iinnt?l%ere%ieigljgytype spatial light modulator 20B

are diffracted again in the HPDLC optical element 32 and returned to the light

source device 10 side. S polarized lights modulated in the reflection type spatial

light modulator 20B are not diffracted in the HPDLC optical element 32 and pass

through the HPDLC optical element 32 to become image display lights B. The

image display lights‘ B become intensity-modulated lights in which the intensity of

each pixel of a display image is modulated. The image display lights B are

internally reflected in the illuminating prism 31 and exit from the third surface of

the illuminating prism 31.

An analyzer 33 is sandwiched in between the third surface of the
illuminating prism 31 and the plane of incidence of the light guide prism 40. That
is, the image display lights B outgoing from the third surface of the illuminating

- prism 31 pass through the analyzer 33 and are incident on the plane of incidence of

the light guide prism 40. - ‘The image display lights B pass through the analyzer 33




lights B becone |ights whose intensity is further adequately nodul ated. The
I mge display lights B incident on the |ight guide prism200&abber 2006p! etely
internally reflected several tines in the |light guide prism40, and then,
incident slantingly on the transm ssion type vol unme hol ogram opti cal

el ement 51 which conmes into optically tight contact with the Iight guide
prism40. The image display |ights Bpgncident on the transm ssion type

vol ume hol ogram optical elenment 51 are diffracted by the transmission type
- vol une SRdhageniy Bptrolatized compunedts afal prescridedtdirsetioneareaddtegtd onThepe

vol ume hol ogramlens 71. Since the reflection type volune hologramlens 71

has a pomigtidisplaptlighits B Fw&&!etleétﬁﬁ ih”iﬁ&@eaﬁ%ro 'esbgl!ﬂﬁf the %‘igéﬁﬁ%@@&ed by

the reflection type volunme hologramlens come virtua
di spl ay; kOt : 1l ' . e, Then, the i e display lights
are i n%llggelt%jt; b;eé:gllﬁr%ﬂ%@ t?%%ﬂqér@aﬁlts#@g ‘gﬁ%@%a@%ﬂwy 1983%8&‘% opti cal

el emrent 51. this tine, .the,virtual inmage display lights C are incident
on the transm&diHEe aebgé’l%}ﬁlmshgl tpidentopn i thal light igaide Girisn 40h amegl e of
incidence different fromthat of the inmage display lights B incident on
the treosypletclomteryaly reflecte beotaral imeshithelight @weds$ phisn{ 40Mid heni ght
guide prism 40. Therefore, the virtual inmage display Pi ghts C are not

- dirTr aicidertudadtinglgcor et erathdiSdiol'th¥e YoluhB hdibBRM RN siaRenc/ Sl U

hol ogram optical elenent 51 and pass roug

transny.gs/ . ol.ogram.optical. el.epent. 51. _The virtual imge
“di spl gw ?%E?@%@é?&@@&é@&ﬁ%@&g‘ﬁﬁﬁw L‘gﬁggv prasTaAY. r eBamimage pupi |
100 of ,an . o ..

g display lights B incident on the transmission type volume hologram optical

element 51 are diffracted by the transmission type volume hologram optical
element 51 and incident on the reflection type volume hologram léns 71.

Since the reflection type volume hologram lens 71 has a positive optical
power, the image display lights B are reflected by the reflection type volume
hologram lens 71 to become virtual image display lights C forming a virtual image.
Then, the image display lights are incident again on the transmission type volume
hologram optical element 51. |

At this time, the virtual image display lights C are incident on the
transmission type volume hologram optical element 51 at an angle of incidence
different frqm that of the image display lights B incident on the transmission type
volume hologram optical element 51 from the light guide prism 40. Therefore,

the virtual image display lights C are not diffracted due to the angle selectivity of

the transmission type volume hologram optical element 51 and pass through the




observer. Here, the transm ssion type volunme hol ogram optical elenment 51
has an effect of nore increasing a quantity of eccentri c2:ababbatinos
capabl e of being corrected than a case in which only the reflection type
vol une hologramlens 71 is enployed. In other word, the transm ssion type
vol ume hol-ogram optical elenent 51 uniforns the angle of incidence of the
I mge display lights B incident on thz reflection type vol une hol ogram
lens 71 to increase the quantity of e gentric aberration capabl e of being

cor r ectiethsnidsibietygich &lolfimied hohagied Wpital | ABhenP shat TRachrdRE ihEde Side

B
of the reflection type volunme hol ogramlens ]E}% pass through, as sh I n

Fig. 6,3 : 1.z e . the.refl.ectj.on e.vglune, am | ens
717"« iy LRREC s IR it il LriSELAY Bnrt FBRetr e bl TOBSTAB 1 { gt
guide ptism40 and are incident on the pupil 100 of the observer. The
backgr &P8&V€F-ght s D are not pol arized before the background lights D are

I nci dent on the polarizing plate 80. However, the background lights D pass
through t he pHeess,ithertgapsmissidiDtypeovoluaie hbm%rhhgbpﬁcﬂeél@ffﬁm't I51eR4d ¥n

pol ari zed lights as the S polarized lights relative to the transm ssion

{ype velfuP diohfe cRRlsifga AR o ecldhiloabdRARg] 23R R heile! U

hol ogram opti cal el enent nce ‘t he ari ze

~diffra ckar.ound, | ght.s ar ot diffracted ip the trapgsm ssion
fype. 550BEpoRaBATEREH Wichohny sRe 3+ Hetinn Hing vERuRe hologtaadans dhdh ¢ he

pupi|l 100 _of the observer. In this case, the quantity of |ight of the

backgr BEROYsdyhi I osher xeards he wansmissionttypesiolume hologram optical element

- 51 uniforms the angle of incidence of the image display lights B incident on the
- reflection type volume hologram lens 71 to increase the quantity of eccentric
aberration capable of being corrected.

On the other hand, background lights D that reach the rear side of the
reflection type volume hologram léns 71 pass through, as shown in Fig. 6, the
polarizing plate 80, the reflection type volume hologram lens 71, the transmission
type volume hologram optical element 51 and the light guide prism 40 and are
incident on the pupil 100 of the observer. The background lights D are not

| polarized before the background lights D are incident on the polarizin‘,c,r plate 80.
However, the background lights D pass through the polarizing plate 80, so that the
lights become linearly polarized lights as the S polarized lights relative to the
transmission type volume hologram optical element 51. In the transmission type
volume hologram optical element 51, since the S polarized lights are hardly

diffracted, the background lights D are not diffracted in the transmission type ..




t he-observer depends on a transmttance in the reflection type volune

hol ogram lens 71 and the transm ssion type vol une hol ogramepbécabsel enent
51. The polarizing plate 80 is rotated on an axis perpendicular to a nain
pl ane so that the quantity of light of the background Iights D reaching
the pupil 100 can be varied. Further, the polarizing plate 80 is rotated
so that the penetrating lights of thg pol ari zing plate 80 becone the P

pol arized lights relative to the tran % ssion type volune hol ogram opti cal

el enentvobime Hulogratheopirak elcandist 51 dRHSRR M5 pﬂ%{lrjl;(r}é‘)c&ﬁg}é GM@Jert Neyl 1 ght

source device 10 side in the transm ssion type v ogram optical

el enen rdi i | f light, of the.  backgrou I ghts D
i nci detf'%}tnrgtj)crﬁl Sé’(r:l@%p(ﬂﬁ??ﬁ%gg lglﬁ%ggﬂ% l’éé]égﬁm lg}H'éfQ ﬁ'iﬁfé‘l%@}ﬂﬁ‘ﬁ)'zgobég] shown
in Fi gmgppgg@aﬁ?j(r%aﬂ Iﬁne%ggr ved face r.eftlhgcti ng mrror éﬁn adj u]?;gabl e
curved - ' dransmtignge inytheereflestioni typp | walemef hologram

refl ec'ii On’BIt ypgrﬂ\l/ol une ho:ﬁggram |l ens 71. Further, an HPDLC optical el enent
may belensedl and phetranstissien typensolusss holdeyne omicaleldydm@Fam opti cal

el enment 51. In this case, the HPDLC opti (?taglY eloemrrent has diffraction

efficiency wiThe @j@lzﬁ?ﬂﬁg NEBPR I‘d’t‘z?tetﬂgi(;rf‘ﬁalé] é@%oe?bl&gcfcl?:ggg é@faﬁgﬁéﬁi}lggpéem

light flux and with a pendence on

an rpore i R AP RN A gk el b Seacinering pupi 100 GAna | ng
11 Pl WaRRST: ; Jhirties. fepalaring phesd iotaied so dhptite pimotmghgdights
of the polarizing plate 80 become the P polarized lights relative to the transmission
type volume hologram optical element 51. Thus, the background lights D are
diffracted toward the light source device 10 side in the transmission type volume
hologram optical element 51.  Accordingly, the quantity of light of the
background lights D incident on the pupil 100 can be reduced.
In the image display device shown in Fig. 6, an adjustable curved face
reflecting mirror (an adjustable curved face semi-transmission mirror) may be used
'in place of the reflection type volume hologram lens 71. Further, an HPDLC
‘optical element may be used in place of the transmission type volume hologram
optical element 51. In this case, the HPDLC optical element has diffraction
efficiency with no dependence on the polarizing direction of an incident light flux
and with a dependence on the angle of incidence of the incident light flux.

In the image display device according to the present invention, an HPDLC

optical element may not be used, as shown in Fig. 7. Iluminating lights A ..




i ght guide prism40 and are directly slantingly incident on a reflection
type spatial |ight nodul ator 20B. The inmage display devixgeogbeswrooe Fig. 7
includes an illumnating Iight source device 10, a reflection type spati al
| i ght nmodul ator (digital mcromrror device) 20C, a |ight guide prism 40,
a transm ssion type diffraction optical elenent 52 and a reflection type
vol unme hologramlens 70. The |i ght s% ce device 10 formng the i mge

di spl ay device uses a seniconductor Taser 11 as a |light source like the

abov e- detwing €cbm maciduehinatiay 1 0P i b SEenbQuding! udes
a sem conduc%or | aser u11, a Fi 5%?\@035?%§@§cgtlgﬁf§§?}§r&§iuﬁgp%g a ?‘i‘%}ﬂ? flux
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exit froman exit surface 13. Illumnnating |ights A outgoing fromthe exit
-sur f acdlungingting lightsoytce devioptlis alreflectiod 4yt speisetigh nafuhios(diwitah t he
exit surface 13. Thus, the angle of energence of the lights is further
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I nci dent on e .digital mcromrror device 20C as the reflection type
spatial |i gh&h%mgtﬁﬂu?cqrféﬂ@ dQ dpemimmabe inmgs dispday rdevicomiusesra devi ce
20C has micromrrors corresponding to pixels of a

semiconductor laser 11 as a light source like the above-described image display

device. The light source device 10 includes a semiconductor laser 11, a light
guide plate 12 for guiding a light flux emitted from the semiconductor laser 11 and
an optical film 14. Lights emitted from the semiconductor laser 11 are incident
on the light guide plate 12 made of a synthetic resin. The lights with illumination
intensity uniformed and an angle of emergence controlled by the light guide plate
12 exit from an exit surface 13. Illuminating lights A outgoing from the exit
surface 13 pass through the optical film 14 disposed in parallel with the exit
surface 13. Thus, the angle of emergence of the lights is further controlled. A
- reflection sheet not shown in the drawing is provided on each surface of the light
guide plate 12 except the exit surface 13.
lluminating lights A passing through the optical film 14 pass through a
side part of one end of the light guide prism 40 and are slantingly incident on the

digital micromirror device 20C as the reflection type spatial light modulator. The .




di splay image and these mrrors can be respectively rotated. That is, in
the digital mcromrror device 20C, each mrror is rotatzdosebédmioea
reflecting direction relative to an incident |ight flux can be changed for
each pixel. The side part of one end of the light guide prism40 is wedge
shaped. The digital mcromrror device 20C united to the outer surface of
the side part of one end of the |i ggﬁggui de prism40 is inclined relative
to the illumnating lights A enmtted fromthe |light source device 10. The
i |1 uni digitalgnicxgmBror devicdePOCohas haictogiitroks %bﬁfeﬁfgé»ﬂdiﬁg (L Yigds 29Ca Whose
reflected directions are controlled for each pixel by th digital
m cr ongfsf irawé eAflr ] I a er.tigally. f.rom
the digital’ n By and s dev?gi&%g@%ﬁe%iggﬂbdﬁ%@gy Hhéﬁ:{% ipy thE digtal
corres Lnaly. t e~di-splay image. . Remaining parts of the illum nating
i ght R @Xﬁ%ﬁ@&ii ¢AGh, THiREDY 1§ Hotated 30 thafedi raflenting directiom t he
digital m.cromrror, device 20C. The image display lights B substantially
verti cEglpgve e apdacidentdighicflux gan e changed for each pixel.ce 20C are inci dent
again on the 'l|31i'|q?)ht gui de prism 40. The image display lights repeat
al ternatel y cDBnplsidespartf bfontcnsal o€\he diotiti | Sridrd i '

3 giit g e i égmu?{%l%frdfés%ezgi‘#aerda| [ el

surfaces 41 and 42 as outer surfaces of the
to eafhe QhibREL mi : I Bd ' i.ght r | antd nal v. .i nci dent on
t he transrlnggsi on type Qieqé?racgpgjnﬁg% |(§J§1Itgée]|°zl@n§%r ep‘?fo@ﬁ%d%‘geiﬂf‘rgﬁ ically
tight t Lth.one.surf.ace of the light flux split surfaces 41 and 42.
The tr Igg;%ﬁ@ é%f&ﬁnetlkgﬂ?g 2ideprismue0 sn mrlings relativestn therillyminatingdightedt 52 i s
| ocated at the other end side of the Iight guide

emitted from the light source device 10.

The Hluminating lights A incident on the digital micromirror device 20C
whose reflected directions are controlled for each pixel by the digital micromirror
device 20C are partly emitted substantially vertically from the digital micromirror

-device 20C as image display lights B correspondingly to the display image.

Remaining parts of the illuminating lights A are reflected again to the light source
device 10 side from the digital micromirror device 20C.

- The image display lights B substantially vertically emitted from the digital

micromirror device 20C are incident again on the light guide prism 40. The

. image display lights repeat alternately complete reflections several times in light

flux split surfaces 41 and 42 as outer surfaces of the light guide prism 40 parallel to

- each other. Then, the image display lights are slantingly incident on the

transmission type diffraction optical element 52 provided in optically tight contact

with one surface of the light flux split surfaces 41 and 42. The transmission type .




pri.=sm 40 as shown in Fig. 7. The image display lights B incident on the
transm ssion type diffraction optical elenment 52 pass tmangsbdrheos
transm ssion type diffraction optical elenent 52 and are incident on the
reflection type volunme hol ogram | ens 70 which conmes into optically tight
contact wi.th the transm ssion type diffraction optical elenent 52. Since
the reflection type vol une hol ogram I@QS 70 has a positive optical power,
the inmage display lights B are refl ed by the reflection type vol une

hol ogr diffitzetion/Opti¢a) dlemeft 52 1§ ldciaed iatabe cthaPbmy sidbfshe lig]it”gﬁiﬁea
virtual image. The image display lights are incident again on

transgi)ﬁghp@otd @ﬁoﬁhflhrfqgh?on optical elenent 52. At this tine, the

virtu | mage s Care incident on the transm ssion type
diffraction |cal el 52 at._an apgle of incidence different .from
that of the i 5éﬁ@8§¢f g@ﬁﬂ’&ﬁ!@ %mﬁef o Be Farsmissieantyns diffragiian
diffraction optical elenent 52 fromthe |ight guide prism40. Therefore,
the vioptedl ¢lement 53 passathroughtthe Gransmissibhrigpe eiffthatidmooptiealaelghent
selectivity of the transm ssion type diffraction optical elenent 52 and

pass tH eudhadehincident oii &gl Rflecripg § tptaf\l‘(ﬂﬁfﬂeoﬁblo Pirh 98hs JOSWRIh edmed Ne

virtual imge display lights C pass“through the outer surface parts 41 and
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2006 urther forned, a shown in Fig usi ng an em ssive
m cro api; ction, fyps volume hologram lens 70 has a positive optical power, the

image display lights B are reflected by the reflection type volume hologram lens 70
to become a virtual image display lights C forming a virtual image. The image
display lights are incident again on the transmission type diffraction optical
element 52.

At this time, the virtual image display lights C are incident on the
transmission type diffraction optical element 52 at an angle of incidence different
from that of the image display lights B incident on the transmission type diffraction
optical element 52 from the light guide prism 40. Therefore, the virtual image
display lights C are diffracted due to the angle selectivity of the transmission type
diffraction optical element 52 and pass through the transmission type diffraction
optical element 52. The virtual image display lights C pass through the outer
surface parts 41 and 42 of the light guide prism 40 and reach the pupil 100 of an
observer.

The image display device according to the present invention may be




as -a spatial light nodulator, a light guide prism40, a transm ssion type
diffraction optical elenent 52 and a reflection type volan®ctbedr@goam | ens
70. The em ssive mcrodisplay 20D shown in Fig. 8 has a light source
contained therein to emt inage display lights Bin which an intensity
nodul ati on corresponding to a display image is perfornmed. In the em ssive
m crodi splay 20D, light emssion intensity is controlled. for each pixel
and the image display lights B corresponding to the display inmage are
subst afuith¢r forwed; bs shbwreini Figed, byamidden eﬂﬁbéi’%é‘ﬁ?icf@di&@ﬁ}y%ﬁée The

i mage display lights B emtted fromthe em ssive m crodispfay 20D are

| ght % S SpatiaPHehOlo R 0F, RiighTdac bOSHLAT, Shfisiisiof bu Hefatih  sm 4o

is forned in . a e sha The em ssive m ¢rodisplay 20D united to a _

pl ane BPgFﬂcqlﬁglﬁ\ﬁgggéma%quU@ﬁt@Peé’ W@@@@g@ﬁbpﬁsﬂ@-part of one end of

the light guide prism40 is inclined relative to light flux split surfaces

41 and 42 as The auissives micaedisplaly 20D shoght iguFie $rhamaQighersured t o

each other. The image display lights B substantially vertically emtted

f rom t bentaiBdsthieyeinfocemaiti img%ﬁﬁﬁ[;ﬁﬁ hisBiif8FhicAMd eﬁéiﬁh}ncﬂiﬁl?tﬁ)lpr Ism
a

- 40. The inmage display lights repea ternately conplete iI"nterna
reflecty i: I: |y lu lit.surfaces 41 .an as
The ocy AORIHRISEE oldiftay ifhakl Ty phlfBhinelty in e S AP ASRIAY G0RE,
Then, i mage display Lights are slantingly incident on 23 October 2006
32 theﬁgﬁaﬁa@}ﬁ%w Hﬁgft‘%iéél% ?mr%ﬁ% Sor eanh pixel end the dnwgetispla dights B
optically tight ] )

corresponding to the display image are substantially vertically emitted from the

emissive microdisplay 20D.

The image display lights B emitted from the emissive microdisplay 20D
are incident on the light guide prism 40 from the side part of one end of the light
guide prism 40. - The side part of one end of the light guide prism 40 is formed in

- a wedge shape. The emissive microdisplay 20D united to a plane of incidence 43

as the outer surface of the side part of one end of the light guide prism 40 is

inclined relative to light flux split surfaces 41 and 42 as the outer surfaces of the
light guide prism 40 parallel to each other.

‘The image display lights B substantially vertically emitted from the

- emissive microdisplay 20D are incident on the light guide prism 40. The image

- display lights repeat alternately complete internal reflections several times in the

- light flux split surfaces 41 and 42 as the outer surfaces of the light guide prism 40

~ parallel to each other. Then, the image display lights are slantingly incident on . .




contact with one surface of the light flux split surfaces 41 and 42. The
transm ssion type diffraction optical elenent 52 is | ocatBdéeb&g@mesi nto
optically tight contact with the other end side of the |ight guide prism
40. The image display lights B incident on the transm ssion type
diffraction optical elenent 52 pass through the transm ssion type
diffraction optical elenent 52 and a 8 I nci dent on the reflection type
vol une hol ogram |l ens 70 which cones f1fito optically tight contact with the
{r ansnifssitomshissio tfpedifiortiont dpatalck RiRHr 52 providiecid kAl GEhO"
power, e e

type volune hologramlens 70 has a positive optica

~displa el # t . rgflectd.on type vpl une, hgl ogram | ens
70 toké iétcag?re‘%éﬁvﬁ uasﬁhfaﬁgggﬁtﬁﬂépﬁlggtl Bt Spigt fSHF%'E% Al lﬁ ihﬁ’ﬁe. The
i mage ,display lights.C are incident again on the transm ssion type

diff raEfPPB'%J%%‘PP c,tgPe dé&éfi‘ﬁimn gptical; elepent 132ns lagated to comle iHﬁtag)ptlpd:aHyl ay

lights C are incident on the transm ssion type diffraction optical elenent
52 at tightegnacbwiththedethereni siderafithe liglerauideprisfn 40e i mage di spl ay '
lights B incident on the transm ssion type diffraction optical elenment 52.

fromthe Ii ghrhelihfh%epdﬂsﬁlﬁ'y‘@%htyﬁ_i}’lbf&é'ﬁ"oﬂ E?;eg aflimiRsfh bh%?{}%gagtigﬁe

diffracted due to the angl é selectivity of t ransm ssi

diffr s | , ‘ ass._t.hrough t.he transm,ssiaon type
it 2pHEH clSBertS2 BSTBRbugs RERERGRRstion e At oplival slememass

t hrou the light . flux split _surfaces 41 and 42 of the |ight guide prism
40 'an-?ﬁ? @gﬁ@rpgﬂgcmtpnlg@ wilegiondypervwlumeoologran lohs aﬂgwhic% comes

into optically tight contact with the transmission type diffraction optical element 52,

Since the reflection type volume hologram lens 70 has a positive optical power, the
image display lights B are reflected by the reflection type volume hologram lens 70
to become a virtual image display lights. C forming a virtual image. The image
display lights C are incident again on the transmission type diffraction optical
element 52.
At this time, the virtual image display lights C are incident on the
- transmission type diffraction optical element 52 at an angle of incidence different
_ from that of the image display lights: B incident on the transmission type diffraction
optical element 52 from the light guide pﬁsm 40. The virtual image display lights
- C are diffracted due_', to the angle selectivity of the transmission type diffraction
~optical element 52 and pass through the transmission type diffraction optical
element 52. The virtual image display lights C pass through the light flux split

surfaces 41 and 42 of the light guide prism 40 and reach the pupil 100 of an - ..




In the above-descri bed enbodi nents, the inmage display lights are
diffracted or not diffracted in the first transm ssi on degehdbing 2006 t he
‘pol arized direction or the angle of incidence, and the inage display
lights are not diffracted or diffracted in the second transm ssion toward
t he opposite direction in the HPDLC optical elenent 50, the transm ssion
type vol unme hol ogram optical elenent3§1 and the transm ssion type
diffraction optical elenent 52. However, the above relations may be

rever sebseramtl t he i mage display lights may not be diffracted or nay be
diffracted in the first transm ssion and the image display lights nmay be

diffracted Orlﬂmﬁlen%})ﬁgfﬁ-&gsuibgﬁf Ea_g:lr%rall%‘%%ge Ondlp%la:gac;ﬁﬁis]gslgiy?n' h?élvazir% t he

opposite direction. presen

above- cribed enbodinents .explained with reference to the drawing. It is
appar eﬁfﬁﬁa&te‘ﬁ Oﬁe‘?%al 'aFWdonli‘ﬁ%r st dransmigsion rdepgndinghan ther polasizedanges,
substitutions or equival ence thereto nay be nade w thout departing the

at t achdureetion we thadnghe ofiistidehes,enfd thenitage divplplikheadre! ndtydiFiacteqage
di spl ay device according to the present invention enploys a decentered

opLi ol of amet havi g s g RraSiisRf T e o8Bl Sl yioRC i Ae, (2T
ot hor FSREE o Biica ek RE; M u iRuREORC e, volures hoTeseam phical
evi By nY DhecEme SR BRI DiFSaitGction optical eletent 52. | However,
the above relations may be reversed, and the image display lights may not be
diffracted or may be diffracted in the first transmission and the image display lights
may be diffracted or may not be diffracted in the second transmission toward the
opposite direction.
The present invention is not limited to the above-described embodiments
explained with reference to the drawing. It is apparent for a person with ordinary

skill in the art that various changes, substitutions or equivalence thereto may be

made without departing the attached claims and the gist thereof.

Industrial Applicability

The image display device according to the present invention employs a
decentered optical system in which the image display element and the reflection
type optical element having a positive optical power are optically eccentrically

arranged. Thus, the entire optical system can be thinner and lighter than other .




so that an optical system having higher resolving power can be realized by
correcting the generated eccentric aberration by the transnDsesh&rohype
diffraction optical element. The use of the present invention makes it
possible to realize the image display device in which the exit pupil

di anmeter, the display angle of view and the eye relief can be increased
and the aberration can be reduced whigg the entire device is nade conpact
and light., 23 Cctober 2006 35 Clains 1. An inmmage display device

conpr i Siptigal systemsehpying $he agmel esmepnﬁaﬂ alibieearambite sdnddispldy haslke on
optical elenment for diffracting exit lights fromthe inmge di'spl ay

I t d rﬂﬁ,&l I
bover RN FuriRn, 66 et diblapd edﬁ%  EnfISH Ak A e Al S B e
diffra e wher when he reflected Lights_ reflected
bly thegble ﬁo‘ﬁﬁicﬁeéﬁg% CQFWm& tlYl’@gt PEWSHstan \b:,ﬁgé%als lizedl byower

are inci dent again on the transm ssion type diffraction optical elenent,
the trSAERFURE gﬁetgﬂg@r@p ffecgeniteh abgrratien byl dre tansmissiom type diffractibhect ed
lights with a diffraction efficiency lower than a diffraction efficiency
for theptigakelbingint.s from the i mage display element. 2. The inmage d| spl ay
devi ce according to claim1l, wherein the transm ssion

The use of the present invention makes it possible to realize the image
display device in which the exit pupil diameter, the display angle of view and the

eye relief can be increased and the aberration can be reduced while the entire

device is made compact and light.




type diffraction optical elenent receives chief rays of the exit lights
fromthe image display elenment at an angle of incidence O&obsr 205e W th
respect to the normal of a light receiving surface. 3. The inmage display
device according to claim1, wherein the transm ssion type diffraction
optical elenment is a volune type holo%%gn1optical el ement. 4. The imge

di spl ay device according to claim1, rein the transm ssion type
diffraction optical element is conpaosed of diffraction gratings disposed.
with 23 October 2006 36 uneven spaceM§  The jmage display el enent
accordin to claim1, wherein the transm ssion type diffraction optical

~elenentlis a gonamagsdisplag deeiceioomprisingr am optical el ement. 6. The i nage
di spl ay device according to claim5, wherein the polarization selective

hol ogr am opt i aalinedgendisplaiyselémbat;ogr aphi ¢ pol yner di spersed liquid crystal
optical elenment. 7. The inmage display device according to claim®6, wherein

bol ar i zati on &1 FHTARrRn BEEPARECion Mifeal ek, Bt ffnaling Rolights °

pol ari zation diffraction _ _ _ ; ]
RIS i B eSO ST vl oo pecordlg o ol
power is a reflection type volune hologramoptical elenment. 9. The inage
di splay devi c# Eflestignngypeo optialmelemedite haiving lae positivecbp@al power for
reflecting the diffracted lights from the transmission type diffraction optical
element,
wherein when the reflected lights reflected by the reflection type optical
element having the positive optical power are incident again on the transmission
type diffraction optical element, the transmission type diffraction optical element
diffracts the reflected lights with a diffraction efficiency lower than a diffraction
- efficiency for the exit lights from the image display element.
2. The. image display device according to claim 1, wherein the transmission
type diffraction optical element receives chief rays of the exit lights from the image
display element at an angle of incidence of 5° or more with respect to the normal
of a light receiving surface.
3. The image display device according to claim 1, wherein the transmission
type diffraction optical element is a volume type hologram optical element.

4. . The image display device according to claim 1, wherein the transmission

type diffraction optical element is composed of diffraction gratings disposed with




type optical elenment is a concave reflecting mrror and the reflection
surface of the reflecting mrror is formed to have one plzangopdr 20gpnetry
and no rotation symretry axis inside and outside the plane. 10. The i mage
di spl ay device according to claim11, wherein the reflection type optical
el ement having the positive optical power is nade of a sem -transm ssion
material for transmtting at |east a %@rt of lights froma rear surface

side t urface side as a transm ssion type diffraction optical 23
Cct obe%r%ggégﬁé“fssél enment side. 11. The inage display device according to

claim # wherﬁ;hn .a quayter-wave #)I ate is provided in an optical path
bet weer-t he t ABRdMagEidisplay slement acoording tomiaine 4] whiesemnrthe armistiission
reflection type optical elenent having the positive optical power. 12. The

i mge @yppl diffrdetior copticadr diengerito i€ | i pbldrizaMyi Selec@ive0 G%Ja 'B;:f{i
having a refractive index |arger thanF?L6 I's arranged in m pﬁc c%?th
bet weeg]drhént mage di splay el enent and the transm ssion type diffraction
optical elenent. 13. The inage display device according to claim 12,

wherei g the it .11ght fromthe i mage display elenent are internally
refl ecp ed at eﬁ!é%’fnagﬁéﬁwla 166 geeording to,elagin pcwherein; e, peladzatiom,

I nci dent. on the transm ssion type diffraction optical elenent. 14. The
i mge &Flspiuy hnlogwen pinali elgment cisaanhdlographiei polyneert dispersedsliqnid
crystal optical element.
7. The image display device according to claim 6, wherein the holographic
polymer dispersed lquid crystal optical element has a P polaﬁzation diffraction
efficiency higher than an S polarization diffraction efficiency.

8. The image display device according to claim 1, wherein the reflection
type optical element having the positive optical power is a reflection type volume
hologram optical element.

9. The image display device according to claim 1, wherein the reflection
type optical element is a concave reflecting mirror and the reflection surface of the
.reﬂecting mirror is formed to have one plane of symmetry and no rotation

-symmetry axis inside and outside the plane. |
10. The image display device according to claim 1, wherein the reflection

- type optical element having the positive optical power is made of a

semi-transmission material for transmitting at least a part of lights from a rear

surface side to a front surface side as a transmission type diffraction optical




type diffraction optical elenent optically comes into contact with the
reflection type optical element. 15. The inmage display devbashacoes ding to
claim 10, wherein the transm ssion type diffraction optical elenment is a
pol ari zati on sel ective hologramoptical elenment and a polarizing plate is
di sposed i-n the rear surface side of a plane of the reflection type
optical element on which the diffract®l lights are incident. 16. The image
di spl aéggﬁﬁylgcszd?ccordi ng to claim15, wherein the polarizing 23 Cct ober
2006 p tt 's arranged to mainly transmt the lights with such a
polarizing orjientation as to make mninmumthe diffraction efficiency of
the t rir‘sm’ ss1 B¢ impge displayadevion acoptdingtoedlaime i, whereid hequaregewaiep! ay
devi ce iaccordi ng to claim15, wherein the polarizing plate can rotate on
an axi platelst proviiddd Vinver tomadal t wath be r RVANT . e i mage
di spl al; devi ce accordi ng toﬁg ailgrrﬁl 10@%}16'&%63%??%@;%@2??2@%% Tt e,

th 1841 .ard zi l, at tiall
ar  angah iy eient aRIane IEAECAFH s BBYEN fenlod k2bing s beditho omy

optical element on which the diffracted lights are incident. 19. The inage
~di spl ali}"@& I ce according to claim18, wherein at |east one of the
quarter-wave plate and the pol arizing plates can respectively rotate on
axes bS#bst arkhenlimageedisplay devichedacotdight to adeinyi DO vhkERC 8- oBficaln
i mage di spl ay device conprising: an imge display el enment;
medium having a refractive index larger than 1 is arranged in the optical path

bt

- between the image display element and the transmission type diffraction optical
element.
13. The image display device according to claim 12, wherein the exit lights
from the image display element are internally reflected at least one or more times
in the optical medium, and then, incident on the transmission type diffraction
optical element.
14. The image display device according to claim 1, wherein the transmission
type diffraction optical element optically comes into contact with the reflection
type optical element.
15. The image display device according to claim 10, wherein the transmission
type diffraction optical element is a polarization selective hologram optical
‘element and a polarizing plate is disposed in the rear surface side of a plane of the
reflection type optical element on which the diffracted lights are incident.

16. The image di_splay device according to claim 15, wherein the polarizing




a transnission type diffraction optical el ement for receiving exit lights
fromthe image display elenment; and a reflection type optiacadiodrerent
having a positive optical power for reflecting the exit lights fromthe

i mage di spl ay el ement which pass through the transm ssion type diffraction
optical element without being diffracted in the transm ssion type
diffraction optical elenent, wherein 3fhen the reflected |ights reflected by
the re t.] t opti.cal 23 October 2006, . 39 el ement having the positive
opt i ca{ﬂﬁ%‘g& AHignged s iRty Eaa%lﬁlt&ﬁeﬁ%@tﬁ e sy 2 polarizipg orieitation asn
optical elenment, the transm ssion type diffraction optical elenent ’

di f f r atQ $nake migimue: dee dildractioni efficienty fof shei toamsedifsiohetypy diffhetion han a
diffraction efficiency for the exit lights fromthe inage display el enent.
21. Thepfic#lgdenienpl ay device according to claim 20, wherein the

transm ssion type diffraction optical elenent receives chief rays of the

o mor 7y h VRS snage IBARY ARV R¥eRE % ohtinf d o icke R el Bolitizite “The
i 117 AT BP0 af Gty Gerticabises Rehbracaiuiog SHbaEeel orent . 23,
The innge display device according to claim 20, wherein the transm ssion
() Zpoced wih uneven Shaces i The hmse e oy R M RO, |
cl ai mplate, Wiey &juartefavave plate and a second polarizing plate are sequentially
arranged in the rear surface side of the plane of the reflection type optical element
on which the diffracted lights are incident.
19. The image display device according to claim 18, wherein at least one of
the quarter-wave plate and the polarizing plates can respectively rotate on axes
substantially vertical to their light receiving surfaces.
20. An image display dévice comprising:
an image display element;
a transmission type diffraction optical element for receiving exit lights
from the image display element; and
| a reflection type optical element having a positive optical power for
reflecting the exit lights from the image display element which pass through the
transmission type diffraction optical element without being diffracted in the

transmission type diffraction optical element,

wherein when the reflected lights reflected by the reflection type optical




transm ssion type diffraction optical elenent is a polarization selective
hol ogram optical elenent. 25. The inmage display devi ce agauiehdadode claim
24, wherein the polarization selective. hologramoptical elenment is a

hol ogr aphi ¢ pol ynmer dispersed liquid crystal optical element. 26. The

| mage di spl ay device according to claim?25, wherein the hol ographic

pol ymer dispersed liquid crystal opti 38 elenent has a P polarization
higher than an S pol arization

di ffrac r 6 40.efficienc
diffr aguuﬂgfr%n@?igﬁiﬁ%yl’gg v eﬁiﬁ“’r%’r&&&"“éﬁ %%ﬂ mpideatjagaim osothei Hansmissioai m 20,
wherein the .ﬁ;f | ection type optical elenment having the positive optical
power ¥Pg dibfractian eptielRlementnthe rehswisarompypiecdiffracdor opticad elethénti mage
di spl at%.devi cghaccordi ng to claim 20, wherein the reflection type optical
el enentdiffaadts ghe mefleted tighes evith eadifBavesn iehid fahes A rror
and the reflection surface of the reflecti r?glmeﬁgggﬁg@eéglra#e%héfg&ﬁg one
pl ane efffisiefERiHY R ki tﬁ%ﬁ'lo@] ty. xi $ i nsjde and outside the
pl ane. 29. EIEEZ | mage d?gﬁ{‘ﬁy evi 8?"%:}’%%‘%?1%5 YEMSi m 20, wherein the
reflechqjon t .optical el nt having the positive optical power is made
of a ?ém -t riﬁgr‘r\%@‘&ﬁsﬂw‘ﬁl’%éqe acgordingforalaim 2§, whereiashedramantissién | i ght s
froma rear, surface side to a front surface side as a transm ssion type
di f 1 r ab{ROAIBAEtienppticaletement rekeivaochiefimyisrafahe dixsmli ghts $Rth dRe #8585 di N
to claim20, wherein a quarter-wave

display element at an angle of incidence of 5° or more with respect to the normal

of a light receiving surface.

22. The image display device according to claim 20, wherein the transmission
type diffraction optical element is a volume type hologram optical element.

23. - The image display device according to claim 20, wherein the transmission
type diffraction optical element is composed of diffraction gratings disposed with
uneven spaces.

24. The image display element according to claim 20, wherein the
transmission type diffraction optical element is a polarization selective hologram
optical element.

25, The image display device according to claim 24, wherein the polarization
selective hologram optical element is a holographic polymef dispersed liquid
brystal optical element.

26. The image display device according to claim 25, wherein the holographic

polymer dispersed liquid crystal optical element has a P polarization diffraction




plate is provided in an optical path between the transm ssion type
diffraction optical elenment and the reflection type optixabctebeermoos havi ng
the positive optical power. 31. The image di splay device according to
claim 20, wherein an optical nediumhaving a refractive index |arger than
1 is arranged in the optical path betmeen the i mage di splay el enent and

the transm ssion type diffraction opt el enment. r 23 Cctober 2006 41
32. Thesfrmdf I cordl n cla 3.1, wherein the exit lights
from t he |rrag Fay e%ﬁ]éﬁeﬂ%ﬁ f’él%&léhﬁatlpg} FI€BEYed at | east one or
nore ti [ he OE medi um and then, incident on the transm ssion
type di 'r acti $Plé}’é1?é’me a@cprdmg t0 redapen BA05 pyleerente thiec eefiationdi ng

to claim 20, vvhereln the transmission type diffraction optical el errent

opt i caltype opiieal elementolavdap thé positive d‘)]lﬂfiézﬂqid\ﬁék isty Pﬁléb%}?hct?‘bansm me 34.

The i mage di spl ay device accord| ng to claim29, wherei

type d'l‘fdlé?ﬁhh@?tl@ﬁl éledlerft! ement is a polarization selective hol ogram
opti cal enen a polarizing plate is disposed in the rear surface

i ant s Bre’ | nanselpiediceian SEiacbeadRuging tcielg 20c adiaringthecrefiestionsd,
wher ei n t he pol ari zi ng pI ate is arranged to mainly transmt the lights
with sdrPe p&gaﬁre, lemgyt daving 4he @ositive optical power is a concave reflecting
- mirror and the reflection surface of the reflecting mirror is formed to have one
plane of symmetry and no rotation symmetry axis inside and outside the plane.
29. The image display device according to claim 20, wherein the reflection
type optical element having the positive optical power is made of a
semi-transmission material for transmitting at least a part of lights from a rear
surface side to a front surface side ‘as a transmission type diffraction optical
element side.
30. The image display device according to claim 20, wherein a quarter-wave
plate is provided in an optical path between the transmission type diffraction
optical element and the reflection type optical element having the positive optical
power.
31. The image display device according to claim 20, wherein an optical
__medium having a refractive index larger than 1 is arranged in the optical path

- between the image display element and the transmission type diffraction optical

element.




to ke m ni mum the di ffraction efficiency of the transm ssion type
diffraction optical elenent. 36. The inmage display devi g8 @&aessrdong to
claim 34, wherein the polarizing plate can rotate on an axis substantially
vertical to a |light receiving surface. 37. The image display device
according to claim?29, wherein a fi rst polarizing plate, the quarter-wave

pl ate and a second polarizing plate a dt sequentially arranged in the rear
on which

The i Practed ¢ .%ﬁ%@ A s Acsiling kb whereis therkait ety

t he d| acte
to claim37, wherein at | east one of the

di spl a ce _acco
quar t e&rm Ciiﬁal?lgf relement are intgrnsll veflected aiekepecony ek ynomwet ines on

axes substantlally vertical to their light receiving surfaces.
in the optical medivm, and then, incident on the transmission type diffraction

optical element.

33. The image display device according to claim 20, wherein the transmission

type diffraction optical element optically comes into contact with the reflection

type optical element.

34, The image display device according to claim 29, wherein the transmission

type diffraction optical element is a polarization selective hologram optical

element and a polarizing plate is disposed in the rear surface side of a plane of the

reflection optical element on which the diffracted lights are incident.

35. The image display device according to claim 34, wherein the polarizing
. plate is arranged to mainly transmit the lights with such a polarizing orientation as

to make minimum the diffraction efficiency of the transmission type diffraction

optical element.

36. The image display device according to claim 34, wherein the polarizing

Pplate can rotate on an axis substantially vertical to a light receiving surface.

37. The image display device according to claim 29, wherein a first polarizing

plate, the quarter-wave plate and a second polarizing plate are sequentially
- arranged in the rear surface side of the plane of the reflection type optical element

on which the diffracted lights are incident.
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38. The image display device according to claim 37, wherein at least one of

the quarter-wave plate and the polarizing plates can respectively rotate on axes

'substantially vertical to their light receiving surfaces.




