| 1* DESCRI PTION I mage Di splay Device Technical Field The present invention
felates to an inmage display device preferably used for a view finder of a
vi deo canera or a head nounted type display or the like, and nore
particularly to a glasses type virtual inage 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 earlier applj | ' pplied to this application by
PERCRIREOR!

referring thereto. Background Ar i spl ay device used as a view
finder of a video canera or a head nounted type display or the |ike has
been hilipaga Bisplapblddce As such an i mage display device, a virtual image
di spl ay device fornmed by using a reflection type spatial |ight nodul ator
i's proposed. As one exanple of this kind of inmage display device, an inage
di splay device is disclosed in the description of US Patent No. 5596451.
The | mapghriitAtiak devi ce described in this description has a polarized
beam splitter cube 125 of a cubic formas shown in Fig. 1. The polarized

beam splitter ’I%Lébﬁrejsgét fR%nfiofl relates to an image display device preferably 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 modulator is 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



2 polarized beamsplitter surface 125E on a diagonal surface. This inmage
display device has an illumnating |ight source device .121 and a

pol ari zer 123 opposed to a first surface 125A of the polarized beam
splitter cube 125 which is disposed at an angle of 45 relative to the
pol ari zed beam splitter surface 125E._ A reflection type spatial |ight
nodul ator 122 is opposed to a second Zurface 125B of the pol ari zed beam

splitte | i ' . 45 relative to the

pol ari zlioc}gﬁgg‘?n@%%\%@%éﬁ#&é%@a?gg’é‘aéﬁ‘bf%n%ggh@ﬁg ‘e of 90 relative to the
first surface_125A. A quarter-wave plate 126 and a_ reflection morror 127
are opposed td. smag@%ésplméévmé@sw Hhuanipgtiag; lighy seuses deyicetldrandipe
125 which is parallel to the second surface 125B. In the i mge display

devi ce,a pelarizenfl 2Bi qpposeditd tacfirst sorfatéid 251 ofithreapolagized itglain spliftexeculeyi ce
121 penetrate the polarizer 123, so that the beans becone Ilinearly

pol ari zggs RARRK i@sais?%&%aaﬂ AR AnRER ¥ 453 Althiife tt@eglf@gpcdtagﬁéﬁéd R4 Sghiter

splitter surface 125E. The pol ari zed beans are r on the polarized

b | i f . | ar,i | ari

reach tietaceciPE | 38 el bR Rl Bebtima dhtors D22 T SuRE A B e
I n which the polarized states_are nodulated in accaordance with a djsplay

i rage avesoBdisuriagerl 2R of ke pelaried; beam pplitiep stiba|l25; whichhisadisaosnd abo. ~ p

pol ari zed conponents of the reflected beans relative to the polarized beam
spl i tt ean snglearfedSC2etatpentt thet polatieed beam giittdresanfaspl 125tand at fnaagl?5E,
pass through the quarter-wave plate 126 and are refl ected on the concave
reflectymoe relative 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 125B.

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
linearly polarized beams as S polarized beams relative to the polarized beam
splitter surface 125E. The polarized beams are reflected on the polarized beam
splitter 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



4 3*surface of the reflection mrror 127. The reflected beans in the
reflection mrror 127 pass through the quarter-wave plate 126 again, so
that the reflected beanms becone S polarized beamrelative to the polarized
beam splitter surface 125E. The reflected beans 128A that reach the

pol ari zed beam splitter surface 125E are reflected by the pol arized beam
splitter 125E and pol arized by 90, re ath the pupi | 131 of a human bei ng

and are o serv i nsan.observatj anot he of. the
Mage HEfEPldBs EERRURR HRE 1FL P15 sePeed HeBRR ECfhs SRSy Rhict
description of US Patent No. 5886822. The inage dis deV| ce_descri bed
in t hi sl2fepess garowghnthe quartemwanei platg 426 @ga@n,pwaﬁ peilgated heamser
cube 301 having a cubic formlike the above-described i mage di spl ay

devi ce.bethenep @ poilaesdobeamsilative o ctieepSatizba shemnp Gpditier ehrean 23K tt er
surface 324 on a diagonal surface. In the image display device, an optical

wave 9“1‘15‘@1@12&%8@%% s. PIBRRhA aggrfﬁgmﬁg&giie@f) t&?sﬁrf Fé% f.uféice of

t he polarlz eamspltter cu osed at an angle o ative

to the d bea er surfac 4 t.0 | | yhoCONE to ti.

cont ac ORI o palaF et tsaim SEeet F2oE anfiboigfibeBy e i P duinif
part of the o tlcal wave gui de 300 a first lens 360 I s disposed to

opt i cal 131 ebamhumanbeingrndasaobservad: i amebsspyatien aeavBQGui de 300. Furt her,
an image display elenent 320 is opposed to the first lens 360. In this

i mage di spl ay Akexncther eragplelof eaimbga displé)s devicgpan dnfagedispiay device
is disclosed in the 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



i mge display el ement 320 are incident on the optical wave guide 300
through the 4 first lens 360, reflected on the polarized beamsplitter
surface 324, and then, enmtted through a second | ens 370 and reach the
pupil 500 of an observer. In this imge display device, a virtual inmage is
formed by the first and second | enses 360 and 370. In this image display
devi ce, since a | arge physical di stande can be provi ded between the inage

di spl ay. el ement d e virtual i e formng |lens the i e_di spl ay

el onentiighdgin 6th aeltEisd oh i, pRETaebe splfifr ontiife  Pcat) Ref)
observer. The degree of freedomin design_ is advantageously large. As a
still Hwoktedrthegugihpsceond &@Si?r%(ban@irw%atﬁe@mlbé()o&% anreliservirs pllaythisdevi ce
i s disclosed in Japanese Patent Application Laid-Open No. 2001-264682. In
t he i mhgeigdi disphy denie e diaaniibegeiiv foeed Wy iheafitseandaecehdlendes 360y. 3,
display lights L emitted froman inmage display elenment 201 are allowed to
be ingjgesgon a prism202. 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 pri,sm 202 and to_be i ded to an.enl arging | ens. The
| mage. di opl ay 11 Lt duagso SBIAY Hisithgtingf o) ol tsBote ol gt at o
intensity. As the enlarging lens, a reflection type hologramlens 203 is
enpl oy duovidasebeyacactiechnage display gleanentcand Hos vVitgualsinaags formaing leage.

That is, in the imge display device, the display lights L emtted from
the i mabe idiagel diyplal @lement d0ds aoeneettalbaprovidetigupyr insfrog0af thanelydsheih,

internally reflected a plurality of tines

an observer. The degree of freedom in design is advantageously large.

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 employed.
The reflection type hologram lens 203 forms a virtual 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



bet ween the two opposed reflecting surfaces 202a and 202b. Then, the
display 5 lights L to which the reflection type hol ogram|ens 203 gives a
power for formng the virtual imge are enmtted fromthe prism 202 and
reach the 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 enlargiﬁb | ens. Therefore, the inmage display

than. ¢ HiefsdoRY SEH ahe pefRc L Rl olhBkif 1635 267 e VB ol P g

di spl ay_devi ces,, the image, display device shown_ in Fig. 1 has_such

pr obl enleasirgad dmageprseditied fom ghe prisop2eand readmiia puptl 204 wdtamg

| i ght source device 121 partly pass through a fourth surface 125D of the
pol ar i zelskelbegm splitter cube 125 as stray beam 128B as shown by broken
lines in Fig. 1 and reach the pupil 131. The stray beans 128B constitute

noi se for imagg @§ %nggé Rii%ﬂ%? dwitdewhik! et &Egg&g?ggﬁg@ggﬁt an! in@thal

nodul at or 122 and detefFiorate the contrast of t | mage. In the
opti cal .em of .t he i nmage di,splay.,deyi ce shown..n.Fig, 1 he. Xi_mum
Vel ue deeREl B pisnerifT afber uRBYY LERI Ao G oV, et ing B o
systemis restricted dependi n%go_n the size of the polarized beamsplitter
cube 12bheredpreptherimage dismay devicsctadconpnicnthy deersasel thpfigkerps0f athage
toward the pupil 131 side. In the inmage display device, in order to

| ncr easeptical alystens mure dban the immge displayaderacethotwa ifig. pupi | di ameter or
the display angle of view while a

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 splitter 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



constant eye relief is maintained, the polarized beamsplitter cube 125
needs to be 6 enlarged. Wien the polarized beamsplitter cube 125 is
enl arged, the thickness of all the optical systemis inconveniently

i ncreased and the weight is also increased. The pol ari zed beam splitter
cube 125 formng the image display device shown in Fig. 1 is hardly
produced and a production cost t hereoffi s hi gh. Accordingly, the

manuf act ure of t entire.imge displ devj ce ks difficul d.t he
anu actineeehs Wil b ol badm Bpfier b 125ds Shlaskfdebe TRIDASy Ofievi ce
shown in Fig. 2 has such problens as described below, Initially, the inmage
di spl ayalighe eptiedl syatenn iFingonyenigatly inereased pnd thenweight is also imgreasedue of

an exit pupil dianmeter or a display angle of view of an optical systemis

restricted depEdipoturived bearai spditet dube P25 doimitg Henimapt idissiay ddiges301

for reflecting the image di splay beans 308. In this inmage di splay device,

: q J _ ; vl L .

i aot ooV, L TIERSE 18 MAK Siopcas MF, I PLTNCHOR AP oot R high P
intaiped, ih | ari litter be,.301 and. t h | gal
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and the optical wave guide 300 are enlarged, the thickness of all the

opt i cal mapyfaotiescashdreehisemdegirahly neseasednd the weight is al so

i ncreased. The pol arized beam splitter cube form ng the inage display
device is harthyimagsdisplaypdeviee shoducin Big. Qosds duvdr pobléms fak described

Accordingly, the
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 enlarged. 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. Accordingly, the

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



manuf acture of the entire imge display device is difficult and the
Jranufacture 7 cost thereof is undesirably increased. The inage displ ay
device shown in Fig. 3 has such problens as described bel ow. The inmage

di spl ay device shown in Fig. 3 uses a decentered optical systemwhich is
nore suitable for a thin structure than the image di splay devices using
coaxi al optical systenms shown in Figsf71 and 2. However, the reflection

type hol ogr.am | ens 203.c not be .arranged so as to be parallel to the
pupi | 2‘6’4?9&}6 eofzg '1“}@953556’ WIea5€Ar ation, that is, cannot be arranged so as
to be perpendicular to the optical axis of the pupil 204. Accordingly, in
the i nage di spihg/imargs displayndevicashows innkdige 3dwast swehaproblasapps daserikader or
the display angle of view of the optical system the thickness of the

prism 28ows i ncreased and the weight is also increased. In the optical
system form ng the image di splay device shown in Fig. 3, the reflection

system | ce shown in Fig. : ref| |
LPar i i net i e RS, RpH, Oyl shRArL I B v Jefofercdiopteal =

syat em oo e fBoR et s iiechr < fub i chug HAt by 18R eecDantay drffes o
this optical system that is, the angle of incidence or the angle of
ener genédngfcoapial; optical diysiamay showym th Fags hle andf 2ecHawevery the meflegfiaim | ens
203 is an angle exceeding 10 in a nediumform ng the prism
type hologram lens 203 can not be arranged so as to be parallel to the pupil 204 not
to increase 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 1s, 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



202. In the optical system having such a quantity of eccentricity, an
enornous 8 quantity of eccentric aberration is generated. It is difficult
only for the reflection hologramlens 203 to correct the eccentric
aberration. In this image display device, a high resolving power, for

I nstance, an MIF (Moddul ation Transfer_ Function) not |ower than 20 % cannot
be ensured for a spatial frequency of8 50 lines/mm Disclosure of the

Invention Lt is an objegt of.the present, i pventigen 10 Rrqvi de a fhew i mage
o ool ayinatly of PfeftPlecpertitinnf SirReREt,r TLRIARul Bk Bt B BAGHAC"
I s anot her object of the present invention to provide an image display

devi ce halegram lens2Q3 ta eemest thawgeewTicaberiigd. di spl ay el enent and

di splaying an inmage, in which the thickness of an optical systemis

decreased, it $n'Weisghiagesiisplagdukkeiteaachigh resulving pleves dor antaecagdMTbhpact
and its weight can be reduced. It is a still another object of the present

| nvent '(‘rMo&&l AbR VT st Fﬁﬁgﬁon)d 'n%?'lﬁ%e?etﬁhﬁezo ”%Y"@?ﬁbtaﬁ tishrdtt Bbt :

di aneter, a 3lsplay angl e of vi'ew and an eye relief can %e |ncrease§'whlle
an entire.dféjce can Pg Epde conpact and its weight can be reduced and an

aber r atiPgHal Tefighoaal SAdine ~di spl ay device according to the present

I nvention proposed to realize the above-described objects conprises an

i mage di splay elenment, a transm ssion type diffraction optical elenent for
diffracting exit lights fromthe inmage display elenent and a reflection

t ype ofdDischisuet efrtint Imewtiog a positive

It is an object of the present invention to provide a new image display
device that can solve problems of a usual image display device.

It is another object of the present invention to provide an image display
device for forming a virtual image of an image display element and displaying an
image, in which the thickness of an optical system is decreased, its weight is
reduced and an entire device can be made compact and its weight can be reduced.

It is a still another object of the present invention to 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 its weight
can be reduced and an aberration is reduced.

An image display device according to the present invention proposed to
realize the above-described objects comprises an image display element, a
transmussion type diffraction optical element for diffracting exit lights from the

image display element and a reflection type optical element having a positive



9 optical power for reflecting the diffracted Iights fromthe transm ssion
type diffraction optical elenent. Wien the reflected |lights reflected by
the reflection type optical elenent having the positive optical power are
i ncident again on the transm ssion type diffraction optical elenent, the
transm ssion type diffraction optical_ elenment form ng the image display

device diffracts the reflected IightsQM'th a diffraction efficiency |ower

than a diffraction gfficiency for t.he exit.lights from .the i.mage display
el onent BUAL, RAYEF e el 188 ilBpdiH, b borsy B HsERER 5
conprises an_  image display element, a transm ssion type diffraction

opt i cal diéfraeieen opbical elesesnti ngVhsn tthe irgHested, lights nefleaigdebyiitep refledtiament
and a reflection type optical elenent having a positive optical power for
refl ectiype dpticadlémenthbsiny dm positiversgecaligplayael fnedéntvwidaih qadwe
through the transm ssion type diffraction optical elenent wthout being

diffr ac&%ﬁ’s‘dbﬁﬁfc}ﬂe t%éﬁa'a?fﬂ'a}‘iw ,[()hieﬁ@?leg}érﬁéﬁtctﬂhgntrﬁﬂéﬁlfsﬁicoeﬂ Fra the

reflecte ghts r ecte ection type optl enent avi ng

the positiv tical pawer, are incj.dent ain,on the tragsn §Si t vpe
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element diffracts the reflected I|i ghts with a diffraction efficiency

hi gher & Wiractions ¢ffigiencynlovedrs thaneh diffrastionneffigigncy fagtthe exibhghtselrpimge

di splay elenment. In the inage display device according to the present

i nvent i @i, ingsgetdisplayredaxmsntsi on type diffraction optical elenent, a

hol ographi c pol ymer dispersed liquid crystal (HPDLC) optical elenent that

mai nly di ffracds ifapelfsp1asUevi& 86Urding to the present invention comprises 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 fransmission type diffraction optical
element. 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 1mage display element.

In the image display device according to the present invention, as the

transmission type diffraction optical element, a holographic polymer dispersed

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



10 I'ights and hardly diffracts S polarized incident lights is desirably
used. At the sane tinme, since the polarized directions of imge display
lights incident on the HPDLC optical elenent are different by 90° from
those of the reflected lights reflected by the reflection optical elenent
and incident again on the HPDLC optical elenent, a quarter-wave plate is
desirably di sposed between the HPDLC optical elenent and the reflection

optical. : 1 &S1 90 e, dif Lon ical el emen S a
Fonct | oHERBr it s SR SbaherR TnbidepL ERb e ARy it hent AR
display lights that are eccentrjcally incident fromthe ipage display

el ement SRS ttHee, since dhe diwlagiped ditectigns of|ipage: displash ghteinsadent; ok thdt i cal
power. Accordingly, the forns and spaces of diffraction gratings formng

t he tr aHPISEi optitalpeledicht raxet different bgad0elfmnthoss ef threveftectdd lighes
present invention, an optical nediumhaving a refractive index |arger than

{ansm o] (3, T APTeERen AL COIPRERL AR MGREIC L HTRIPORE e

transm ssion type diffraction opti . Thus,
opti cal tyh tween the | nmage displ.ay, el eppnt,. and e . transy sS4 ype
a1 acoPBE BReE A sk ve PR SRR i sed e e R b ER.C
effective fqocal length to the reflection type optical elenent having the
posi t i vePligalicdemepbirgd theseflestigaandivabalematnsequent |y, the enl ar genent
magni fication of an optical systemcan be increased and the size of the
opti cal systerMkanrimsnivsiodowpe Tiffractage ofiticpl lement deasaac dusbitivg tfor t he
present invention has an
correcting an eccentric aberration generated in the image display lights that are
eccentrically 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 the present invention, an optical medium having a refractive index
larger than I 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 an effective focal length 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.

The image display device according to the present invention has an



11 drrangenent structure that the inage display elenent and the reflection
type optical elenent having the positive optical power are optically
eccentrically arranged. Thus, an entire optical systemcan be reali zed,
which is thinner and lighter than an optical system of other system having
the same exit pupil dianmeter and display angle of view The inmage display
devi ce according to the present i nventilon has a decentered optical system

so t hat transnission.type diffraction.optical ;ele t ..can correct the
gener at BEGrATy@aY 5 Midas GSblay Rt Bya Tad PG ofDpe Sotieet
resol ving power can be realized. Still other objects of the present

i nvent | YAmeRd hayaeg fthe pesitive aoptical gprweh ame b;pttanYpe@@@mcal%mmmdm I
becone nore apparent fromthe explanation of enbodi ments described bel ow

by ref eThusiqr entitecopsticaMspgiem Ban &k roelized, pvhieh iefthinher Bhdvigiger fliag.arl is a
side view show ng a usual image display device. Fig. 2 is a side view

SOV NSOl NSt oltER A s Rl AME Smel Elie phiiP dRarhdle MEWPIAN 10 2

still arot her “usual i nage displa e Vi ew show ng an
i mage dj spl ay. devi cemaccor di 0 the present invention. Fig. 5 is a side
i ow sHOIRQ BN her Lot anpidr ddfice ReE0Cpe 56 ¢ PHGPL B EREBRdRASE Lo
the present invention. Fig. 6 is a side view showng a still another
enbodi ndefentgred pptival sygtem so that the transmission type diffraction optical element

can correct the generated eccentric aberration and the optical system high in its

resolving power can be realized.

Still other objects of the present invention and specific advantages

obtained by the present invention 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



di spl ay device according to the present invention. Fig. 7 is a side view
.show ng a still another enbodi nent of an inmage display device according to
the present invention. Fig. 8 is a side view showi ng ot her enbodi nent of an
i mage di splay device according to the present invention. Best Mde for
Carrying Qut the Invention Now, an image display device according to the
present invention will be described ﬂ)gl ow by referring to the draw ngs.

The i mage di spl ay devi ge according to the. present invention includes, as
shown i sgfaa_cpeg}geaﬁcqqr & a@?rﬂje -Iléﬁ{lVgrfﬂfﬁ‘be device 10, a transnission
type spatial _|ight nodul ator 20A, an HPDLC optical elenment 50 as, a
transm ssi on Hige7 Wi afsidevion Ymwing aatdlenother ginhodimet- b8 Wiages 60
and 61, an adjustable curved face sem -transmssion mrror 70 as a

r ef | ectdieplalyydrsiapicaarting ©nketprosantigveritiaansi tive optical power and a

pol ari zing plate 80. The |ight source device 10 uses a sem conductor |aser
11 as a light URCE. : Ll ; | A€l 4des ; Mol | de
plate 12 for gfﬁgd:gngs g %Eltigh\{lbgjlq‘al)}é%gﬁrﬁ ﬁt@%"? rﬁg)m t ‘eams:edrii %gr%gluégte o?fspgé)er 11

and an tical fi,l m{'L4 Li ghtst.erri tted fromthe sen conductor |aser 11 are
i nci derffEV35E PREPTAMERTO TG HIESItdP¥eAO ade of a synthetic resin. The Iights

with illumnation intensity unifornmed and angle of energence controlled by
the light guide plate 12 exit froman exit surface 13. 13 Il |l um nating
lights A outgoing fromthe exit surface 13 pass through the optical

Best Mode for Carrying Out the Invention

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.



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
incident on the transm ssion type spatial |ight nodul ator 20A. 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 illum nating

| ights A incident upon the transni ssi &3 type spatial light nodul ator 20A

i n whi t he j.ntensity,of each pixel,is dul.at ed,i n _acecordance i.t h, i mage

ot o netnigitabRE iR rpEBE Fobfing &SGR SRR T ohttdl e

spatial _light nodul ator 20A are emtted as i mage display lights B. As_ the

t r ansmi 6k ohd t Jisposgshtina paralight wilhd dhet st 2omfaceod ex abbrs, the 1angle gof

crystal may be wused. Here, the image display lights B are determ ned to be

the |i ghhergehc® of ied dighwsaisifarthee batitroed aridthehPbledights iagaincibdeneon tHe) on

whi ch the image display lights B are subsequently incident. The inmage

di spl ay44d : t 16 onat : oS5 e; HPDLC
. uz!leﬂfﬁﬂfs&oﬁ téfp% SR f rig?dhﬁ%xdﬁﬁh. %@g&{x@ﬂ?ﬁbﬁgﬁ Ihgf‘ sh@) Cld"

opti cal enent 50°at "an an I ncli dence o

optical el enent 50 is .3 hol ographi ol ry.di sper.se gy d crystal .which
T2 or rib EB%ae fopiavfled S ALk RO U Lgh GARLE Hlats' RS fBiBediting
hardly diffract incident lights of S polarization. Accordingly, nost of
the i neéfasesid.ay lights B incident on the HPDLC optical el ement 50 are
diffracted and incident substantially perpendicularly to the quarter-wave

plate 60. 14 The fHebhi@Gatppiltdits & aredéntafpdintheatratsmstionetypespatial Hght
diffraction

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 1mage 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 liguid crystal which
is formed so as to mainly diffract incident lights of P polarization and hardly
diffract incident lights of S polarization. Accordingly, most of the image display
lights B incident on the HPDLC optical element 50 are diffracted and incident

substantially perpendicularly to the quarter-wave plate 60.



grat'ing in which liquid crystal layers and polyner |layers are sequentially
.arranged in stripes. The HPDLC optical elenent 50 has either such
characteristic to diffract P polarized Iights and not to diffract S

pol ari zed lights, or such characteristics as to diffract S polarized
lights and not to diffract P polarlzed | ights depending on the oriented
directions of nol ecul es of the liquid érystal | ayers. In the quarter-wave

i aplay | gne < 3EPERZ: shge o BeELE 2 pi4 ShFERR O0R an' TRiRARY or1

pol ari zed lights,, K The inmage display lights B incident on the _guarter- wave
pl ate earatwacwhtqheh@mdcwml Jaysss émrlzmiymeg Haxerﬁme tsﬁﬁu%ﬂtiﬁdm arapged
pol ari zed lights are incident on the adjustable curved face

sem -t ranstigs. orThen HPOLC Coptieai eclentent 5@fhac eithor suchackaratterisec to
adj ustabl e curved face sem --transmssion mrror 70 has only one plane of

Symret r ;ifRaee! P epolafizeh® lipheeladd b d"t@""gﬁﬁ'abf‘ §i 90}]2&12%60' l%egﬁhts f o ”Eﬁlcﬁ 0

have no rotation sym‘retry axl s InSI outsid what
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display lights B are reflected by the adjustable curved face

sem - t r depanding en the orignterbdirectionswimelequles of thediquigerystal layers.ghts from
t he adj ustable curved face sem -transm ssion mrror 70, that is, virtual

i mage di spl ay Ini thbtqua@eareavenplate 60, dgadinection bﬁadug.rabcésr isvmijastedlsatlhaﬁo and
pass through the quarter-wave plate 60. Thus, the virtual imge display

|90, BRIy JoRen T ot i Sy L
pol ari Zﬁglanzed 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 murror 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 1s, 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



lights relative to the HPDLC optical el enent 50. Consequently, the virtual
Jmage display lights C are rarely diffracted in the HPDLC optical el enent
50, pass through the HPDLC optical elenment and are incident on the pupi
100 of an observer. In the inmage display device, the inmage display |ights
B are diffracted in the HPDLC optical elenment 50 so that the inmage
display lights B are incident substaﬂﬁially perpendi cularly on the

dj I ' I §Si P ./ Th f
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generated. On the other _hand, background lLights D that reach the rear side
of the lightsuelaitedodhe HRDLL: eptieal elemeat #0s si(msennertly, the yagyak waageyh, as

shown in Fig. 4, the polarizing plate 80, the second quarter-wave plate
61, thedisplaystighte € ure edrelvadefineted in tthanHIRARISCoopticalr elemef(d, 50 heass
guarter-wave plate 60 and the HPDLC optical elenent 50 and are incident on

the pUp%%ﬁ%gctEE Hb@d@isggﬂ@en- elbifent PARK 2O YReidend irp OLP%‘ fqn%igqfoopg!fadﬂéééd

bef ore groun ts Dare incident on the p g plate

However bthe background lights D pass through the polarizing plate 80, so

t hat th% ﬁepé‘?ﬁs beconme linearly polarized lights. Then, the linearly

pol ari zed |ights_ pass throug{;’ t he second quarter-wave plate 61, so that the
(o]

{ . ( L ve p : !
linearly pol alnzbe Image displasodeviees tha Hpage gesplay ehts Bypres diffiaetadem ¢ he
circularly polarized |lights pass through the quarter-wave plate 60, so
t hat t hthecHRIDILGr Optidd]l glehmemit ZH} sbi (iat shbdampe dispéay lighmoBanre édcideght s as
S polarized lights relative to the

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 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 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



HPDLC optical elenment 50. In the HPDLC optical elenent 50, since the S
polarized lights are hardly diffracted, the background lights D are not
diffracted in the HPDLC optical elenent 50 and reach the pupil 100 of the
observer. In this case, the quantity of |ight of the background lights D
reaching the pupil 100 of the observer depends on a transmttance (for
| nst ance, about 50 %9 in the adjustabﬂé curved face serni-transn-iission

g A ST e D AR TN %,

l'ight of the background %Fts D reaching the pupil 100 can be vari ed For
i nst anddPDilife eptieal celement 1 20.- whivéhp HPOIeC apidcalhelegientt 20, winge preatSe

are arranged so that |ag axes of them are perpendicular to each other.

~Fur t herpolatiged dights afengarglypteffitRtdds th@batle%l-ousnd liglas D lage pendiffizictetin i ght s
of the polarizing plate 80 becone the P polarized Ilights relative to the

HPDLC qg t
i £ acr S ey Eral PR30 ra’é@efsgé‘fﬁ E%é %’3@21. LS USRS Otﬁ%&%aég%l.ytkl
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| mage di splay device according to the present I nvention may be forned, as

shown i@bseryer depemys an agransmitiasecei(for insganceolabest RO| %@rlanﬁhleeatbumblm

pl ace of the adjustable curved face sem -trans mssion mrror 70. This
| mage calirspd dycodwmiegannaissdasmigor§own in Fig. 5, an illumnating |ight
source device 10, 4 17
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 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 device includes, as shown in Fig. 5, an illuminating light source device 10,



aréflection type spatial light nodul ator 20B, a relay optical system 90,
.an BPDLC optical element 50, two quarter-wave plates 60 and 61, the
reflection type volune hologramlens 71 and a polarizing plate 80. The

| i ght source device 10 formng the i mage di splay device shown in Fig. 5
uses a sem conductor laser | | as a light source |ike the inmage display
device shown in Fig. 4. The light sodr/ce device 10 includes a

sem conductor,.laser 11..a.. light, quid ate, 12 for quiding.a |i fl ux
o t ¢ o depsint Biin Shuial bt Hoaditor OB, X e onfiaislen e an HHhLC Y
lights emtted fromthe sem conductor laser 11 are incident on the |ight
gui de ppptiealiclement 505 two gpartestwave phites 60aad| 6yithe reflection typsiabimen
intensity uniformed and an angl e of energence controlled by the |ight

gui de ph@kgré,r% 1exns 71 fandm p@]a@gﬁﬁ puﬁé g80e 13. Illumnating |ights A outgoing
from the exit surface 13 pass t%rough the optical film 14 disposed in

arallel with : | c fed,he
Taht s i s f ur Rerig b 8e6e 1ot e s P AshIA] dSTTRE 3666, A e
reflected by a polarized beamsgplitter 15 and.t hen, .inci dent. on.the

ot 1 ect SdsebybsBBichndicton GRE Mot 2 heRbhmrc like s igse GRBley GO hown
in the drawing is provided on each surface of the |ight guide plate 12
except sh@wvaintFiguds addelldghtmonree dawiceat( imgludesha semiconsiugéon laspiohl £ he

reflection type spatial light nodulator 20B in which the polarized state

of eachliphxghidesplaes aRafoe duidingas ¢ight dhneemitiéd ifrdaahe REATiBRdWdor laser
corresponding to a displayed image by the reflection type spatial |ight

modul at 9§ 288 AESHEATIASTE. 293P 19 HE eRALBE il 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



18 Bean1sp|atter 15. As the reflection type spatial |ight nodul ator 20B,
for exanple, a liquid crystal may be used. The pol arized beamsplitter 15
mainly transmts P polarized conponents. Accordingly, the |ights whose

pol ari zed states are nodulated in the reflection type spatial |ight
nodul at or 20B pass through the polarized beamsplitter 15 so that the

| ights are converted to intensity-nod Bat ed I mge display lights B and the

i mage dji spl Ny S arpe incident t he ;relay e ystem 90., The
ol oy oA IPULEETS, SR AIRLOST PR e ol Sot0B R Gagibte,
reflecting mrror 93 and a field lens 92. In the relay optical system 90,
t he i megdiquad spYgl maynbe usedr e Thaipalagized bﬁ%ﬁﬂdﬁiﬂtﬁeénf/i reainlyagan§mithithg

|l ens 91, emtted lights of the inage formng |ens 91 are incident on the
field |polari2gedt bomponehtse plioverdingly,eche nlighisr notios?3 . poliézedn dthed hight s
of the field lens 92 forman aerial image (real imge) 110 of the

refl ect ipultee mPaid AL (e $patial 1208 moNElGPIOB PadfliodtoMe B

formng the aerial 1 mge 1 sequ y 1 ncident o ansm ssi on
t ype HPDLC .opti.cal el nt .50 at ngl.e of incidence.of about The
pbLC oPRPEZRY e RPEEF 13 ot e JAME oft coRERE 38 dR sty PhatBas ot o
that is formed to nainly diffract incident I{g%hts of P pal arization_and not
to diffiaege dispdaydights Byang e ionags displax lghts Beate ingident ondthemsiny
display lights B incident on the HPDLC optical element 50 are P polarized
| i ght s opfiedlisysteto90he HPDLC optical el ement 50, nost of the image display
lights B incident on the HPDLC optical elenent 50 are diffracted and
i nci dent  substpid k@b YotRiaP @Y Stefit 08" nthidest 44 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 image forming lens 91 are incident on the field lens 92 through the plane
reflecting 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 polarization. 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



19 quarter-wave plate 60. In the quarter-wave plate 60, the direction of a
Jag axis is adjusted so that the imge display lights B as linearly

pol ari zed lights are converted into circularly polarized lights. The inmge
di splay lights B incident on the quarter-wave plate 60 becone the
circularly polarized lights and the circularly polarized lights are

I nci dent on the reflection type volunéghologranllens 71. Since the

refl ect i, hol ogram | ens 71 has a positive optical power, the
I mage oésp eé‘ng ?éﬁ%ugg@' are reflected by the reflection type vol une

hol ogramlens 71 to forma virtu I mage. Reflected Ijghts fromthe
reflection typd heIQUIECHIYE RIAa ghsﬂr%,%m%qmn oka lag pxisuisiadingigd saithpt ay
lights C are incident again on the quarter-wave plate 60 and pass through
t he quahedamagevdisplayt leclit®. B Thdmeatlyepolarizedhlightage chmserad intgbirsularlyar e
returned to the linearly polarized |ights. At this tine, the virtual inmage

di spl aypdlafibed lightd.© TRS ithhge Wﬁgﬁ%ﬁg’% '_ih&ﬂbﬁt BHhd hBarke Wa%:p?ﬁgldd ghts

relative to the HPDLC opticCa Consequent Iy, the vi | mage

pacs 1 RSl e pRBMatS Bolanfec RS forh oA ity BfafRed HiERE i |

100 of ,anj(dobservglrj. In the inmage qi spl ay. device shown in Fig. 5, the
aber r atIgKIeHE qrhdhe ﬁﬁ@@cﬁ%n dppayalugie: Bologramelanseél edSineer Hie gfigatiosht i cal
el ement 50 and the reflection type volune hologramlens 71 and an opti cal
pat h i stypervaomed holégranpiersc il ook podigvepptival postdr, tharimdgeedispiayect i on
of difference in optical path generated
lights B are 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



20 between the side of the reflection type volune hologramlens 71 near the
.relay optical system 90 and the side renote fromthe relay optical system
90, because the inmge display lights B are incident slantw se
(eccentrically) on the reflection type volunme hologramlens 71. Wen a

vol une hologramis used, such a difference in the optical path can be
corrected. The HPDLC optical el enent 29 has an effect of nore I ncreasing a

guanti tyy . of eccentric erration capabl e of bejng cotrected th a case in
which WsiseR BEMNiTe SERE s B0p PRV diufis, PelttaRCIcnsf £ ngabdhe ffalf her
words, the HPDLC optical el ement 50 controls the optical path of the inmage
di spl ayonticghsxstem 9& andéhe sisle remote droradhe selayopsica swe@rﬁﬂ,mauaq theo t hat
the HPDLC optical elenment 50 increases the quantity of eccentric

aber r atineigecdipplalyelights I8 iang incidenteshatvisOlet dentdtiidy) banke réRektiprovist
lights D that reach the rear side of the reflection type volune hologram

ens 7h i KAlbokah 167 ENOWhR aNom® hdl0grark ¥ 85 sfieh B @iréibe f®

second quarter- ate 61, the reflection®type volune hologramlens 71,
t he qum_lt er-t.wa]\ée | at ethO anc{F he "HPDLC' optical element 50 and are

i nci dertt'®SRYUEA beﬁﬁaln OtPTEFCPH e observer. The background lights D are not
pol ari zed before the background |ights D are incident on the polarizing

pl ate 80. HovddweHPPRE opticgl clement git hap paseffectr ofigmorh angrgasing iang
plate 80, so that the |I|ights becone |inearly polarized Iights. Then, the
|'i near |quamtitprofzestehtrihtabepation dapablegbf beéng eonrdteguianes -cagy dnpivhich 61,

so that the linearly polarized |ights
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 pass

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



21 becone circularly polarized lights. Further, the circularly polarized
Jights pass through the quarter-wave plate 60, so that the circularly

pol ari zed lights become |linearly polarized lights as S polarized lights
relative to the "HPDLC' optical elenent 50. In the "HPDLC' optical elenment
50, since the S polarized lights are hardly diffracted, the background
lights D are not dlffracted in the "HBbL optical elenent 50 and reach

C
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transmttance in the reflectlon t ype vol unme hol ogram|ens 71.
pol ar i Zihagugh 4he qgerter-vave BlatoHb, qgathabthwv&ubﬂbt pokrized Iﬂghtétlwomﬁ an

axi s perpendi cular to each plane so that the quantity of light of the
backgr olimehrly ippihaiszdd TghehiagoSt pelapued [1ighte @ativee ty ahe etHPBLIC! nptieake,
the second quarter wave plate 61 and the quarter-wave plate 60 are
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diffracted toward the |i ght source devi ce 10 si de in the HPDLC opti cal

el enentopiacal pglemeai iyl wndt reach udet pepil ok0Q iofHiheopbsereemadig s ease; gie s D
i nci dent on the pupil 100 can be reduced to, for instance, about 10% The
i mage diwpitity afdvghteofsthewackprdurg liphtsdosehtiangehapupilt 10Gbf slysbbser9er to
formthe aerital inmage 110. Thus, an effective space between the reflection

type i‘ﬂ’@;rr]ﬂls drl & fanSRsted e tRE ReABEid PtV d1RRid RBlobYAA 14N 9IE hol ogram

lens 7
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



22 Be reduced and the optical magnification of a display inmage can be
Jncreased. A curved surface mrror may replace the plane reflecting mrror
93. Now, a still another enbodi nent of the inage display device according
to the present invention will be described by referring to Fig. 6. The

I mge di splay device shown in Fig. 6 includes an illum nating |ight source
device 10, an illunminating optical sy@tem 30, a reflection type spati al

| i ght dul at 20 |i.ght I pri 0 t | S§i t I
ot ogr afs Syt At ecaptiel maghieRRHBh Gloh P VBREREAR BB dne 71 and
a polarizing plate 80. The |ight source device 10 formi ng the inmage display

device € surfacegnirr@ mey seplace the plaaggedecting st 93s a | i ght source
| i ke the above-described i nage display device. The |ight source device 10

form ng the i ggw, distill ayottler eadodimeht'0f thering®rd _@isplhgﬂdwicé asedrdidg t@
i ght guide plate 12 for guiding a light flux emtted fromthe

sem congic : I i : | 6 e he
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exit surface 13. Illumnating lights A outgoing fromthe exit surface 13
pass t hilbuginating epitdat aystem 3&1 are cglp@stypeisnapglrbghtemovlmamn 2B ex light
surface 13. Thus, the angle of enmergence of the lights is further
control bedle prisaf 1480t 4 omarssggbionOtyshomluie hbbogrampwpiigal el@ment ¢ad an

each surface of the |light guide plate 12 except the exit surface 13.

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 1llumination 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. A reflection sheet not shown in the

drawing is provided on each surface of the light guide plate 12 except the exit

surface 13.



23 I'l'luminating lights A passing through the optical film 14 pass through a
polarizing plate 15 so that the illumnating |ights becone linearly

pol ari zed lights. The polarized directions of the illumnating Iights A at
this tinme are set to directions for P polarized lights relative to a

bel ow descri bed HPDLC optical elenent 32. The illumnating |ights A that
pass through the optical film14 are 2B3nci dent on an i1lumnating prism 31

f ' the il i.nati ng. opti,cal t 30. , The..i Il g ' ' 31 h
2 tirot surt adUUELREYHE et ¢ Passivg) ity theopttalctmoR! phs: Rikbifh i f'ng
lights A. The illumnnating prism 31 has a second surface inclined to the

first spelasicing plawhildrso that e Bluminatingolghtsbmcomsplineanly polarized lighttsand
the reflection type spatial |ight nodul ator 20B are united. The

i |1 uni rBké ngolpfizedn ditedtitthsa of hihed ilbwhiretmes Myditand i af ltispeifmeade csdtato t o
the first 'surface to which the plane of incidence of the bel ow described

| Tont qudgidid 20 #0poldtiatdl lighss T0RHE! WThNBLIAGdELGIBey APDECIRRLicAD the

i1 um Ing prism3Iare in nt" on ptica rom

the illuymnati i sm31. At Nis ti an | e,0f, incj.den f. the

1 ur ripigt 1 on ShéThiminding. dehis & st Mhfietoing Gohcifa 4 o ve
to the HPDLC optical elenment 32 is set to about 25. Since the illumnating
| i ght s iacident dsnandHupksatampipoissp 3 icirming thatillgmianeng aptical pystan 3684
lights relative to the HPDLC optical element 32, substantially all the
quant i t'Yhefllimenatidgprimat 3 hbas adivss sifack Hétecasias] tybt heplhboCingitiened

element 32. The illumnating lights A diffracted by the HPDLC opti cal

el ement oS82 &GRuhfiRAEE Yights A. The illuminating 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 illuminating lights A incident on the illuminating prism 31 are
incident on the HPDLC optical element 32 from the illuminating 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 diffracted by the HPDLC optical element 32 are incident



24 substantially perpendicularly on the reflection type spatial |ight

.nodul ator 20B disposed in the rear part of the HPDLC optical elenent 32.
The illumnating lights A incident on the reflection type spatial |ight
nodul at or 20B in which the polarized state of each pixel of a display inmge
Is nodulated in the reflection type spatial |ight nodul ator 20B are
reflected and incident again on the RépLC optical elenent 32. As the

S R B0 o oo AT, e o+

reflectlon type spati al %ht rmdul ator 20B are diffracted again in the
HPDLC odispess Télfé'ﬁﬂﬁ@fB@'t the BRPhéwnptical glemenfrid2. source device 10 side.
S polarized lights nodulated in the reflection type spatial 1ight

nodul at or 20B Bree ilomigatidg dipthesl Anm‘cithantFRDLtﬁeoﬁﬂsmbnetﬁj@Q?ati’aﬂ HpHt pass
through the HPDLC optical elenment 32 to beconme image display lights B. The

s 5L 20 1 SAEGENE (PRl LTINS SRS AR -,

intensity of each pixel of a ay | mage Is
l'ights reflected IIum 1ande

from ¢ tRoPRfaseet dh Hac e aciin, Bod Sanfialbnh modufer 20BN aie Sridupd e

sandw ched in between the third surface of the il I um nating prism 31 and
the pl afeidsmtiagain encibeddPDILC apiival glamentyd2.s mAsotheigdlectips, typaespatiale
display lights B outgoing fromthe third surface of the illumnating prism
31 passlightrmoedhldtoe 26Balfyr examplagroliquid ¢rysialendy be dsed. pITreP golarigsdience

of the light guide prism40. The imge display lights B pass through the
anal yZeligh#3 which are not modulated in the reflection type 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



25 so that only the polarized conponents of a prescribed direction are
.detected. The image display |lights B are detected in the anal yzer 33 so
that the inage display lights B becone |lights whose intensity is further
adequat el y nodul ated. The inage display lights B incident on the |ight
guide prism40 are conpletely internally reflected several tinmes in the

| i ght gui de prism 40, and then, i nci dént slantingly on the transm ssion
type volu hokogram pptical el ement 51 whigh nmes,.into ti |yt ight
cont act ST 208 B BhfRisAorsn it oF 2 S ML OTERUON e BRGHR. o'The P en
on the transm ssion type volune hol ogram optical _elenent 51 are diffracted
by the ¥magsdisplavhighiod arg detectasl byithenaoplyizen33 0 dainthesimage) dispdayient
on the reflection type volune hologramlens 71. Since the reflection type
vol une lighed® detbdwedights bdose ineskity Ve fingtidrerlequatale imoddlgtedmage di spl ay
lights B are reflected by the reflection type volunme hologramlens 71 to

beconme virt Ua']‘l}tégrﬁﬁﬁggi 8&?% gig%feg B GnbRIet h AnY ! Kidht guid@gﬁsm Wrhre t he

a
i mage di spl ay tsTare Nt again on the transm Ssion*type vol une

hol ogram optical. el engent 51. At thig . tine he..virtu I mage, di s l'ights
Car e §iRunBlaeSntRay e drci Bl ArpeS o HikiEhb Bl SR Gt MeRent 51
at an angle of .incidence different fromthat of the inmage display lights B
i nci denincigent idantingly o the irangpassion type vabireg hologiem eptical @ﬁémntsi from
the light guide prism40. Therefore, the virtual inmage display lights C

ar e not whidlf camies intduspticallyhiglangneactel gl the/light ghidet présrh M@ s Tlssimagd ype
vol ume hol ogram optical el enment 51 and pass through the

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 lens 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 from 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



26 fransm ssion type vol une hol ogram optical elenment 51. The virtual inmage
.display lights C pass through the light guide prism40 and reach the pupi
100 of an observer. Here, the transm ssion type vol une hol ogram opti cal

el enent 51 has an effect of nore increasing a quantity of eccentric
aberration capable of being corrected than a case in which only the
reflection type vol une hol ogram | ens 20 is enpl oyed. In other word, the

transm ssion. type volu hol qgr,am opti cal el enent 1 | for. he angl e of
el deraraRissil el HPIPERE OBfcalc iRt 3T, naThe oTERl BREES pe
vol ume hologramlens 71 to increase the quantity of eccentric_ aberration
capabl edisplaydighis £opasscthsauglothe hghtogwide pitsna 40sadigaeh tlae pupi 10k amt
reach the rear side of the reflection type volunme hol ogramlens 71 pass

t hr oughgpb&svahown in Fig. 6, the polarizing plate 80, the reflection type
vol une hologramlens 71, the transm ssion type volune hol ogram opti cal

el ement 51 andiide hd il don ROOTATRIBERm AP oni 58 iBupdd 100

of the observer. The backgrou ght's are ari ze

background lights D.are incident on th ol ari zi |.at e 80... However, the
backgr oHHEEt PERDSID IBGE2sig ugamitly 961 SheeBie Ahruatosocarible ok e

i ghts becone |inearly polarized |ights as the S polarized Iights relative
to the camegteditban arcasy pe wisrh valh homilaetion: typalvodusedmlogam lensg Rk is
transm ssion type volune hol ogram optical elenment 51, since the S

pol ari zegployl s Iarchbawdry, theittdrsatissidn type voankigholog ahi gptisall2lemennot

diffracted in the transm ssion type
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 lens 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 polarizing 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



27 vol une hol ogram optical elenment 51 and reach the pupil 100 of the
.observer. In this case, the quantity of light of the background lights D
reaching the pupil 100 of the observer depends on a transmittance in the
reflection type volune hologram lens 71 and the transm ssion type vol une
hol ogram optical elenent 51. The polarizing plate 80 is rotated on an axis
perpendicular to a main plane so thaZ7the quantity of light of the

background |i s D reaching the pil. 10 n be varied. Further, the

ol et syclms Beokagm Gt Hemmoni, 3t Radt rench S8 eupH AL of Higpbeerer.; o

pol arizing plate 80 becone the P polarized |ights relative to the

t r ansmithis ease, thepeuamsitymd lightafrthembaskpeindelights 19 reachimgske pupd W¥eddgr ound
lights D are diffracted toward the |ight source device 10 side in the

t r ansnithei shservdredysdndieon hotragsminaiRel @atheeteltionSlype PSRt h@lq%rairhe
gquantity of light of the background lights D incident on the pupil 100 can

be_ 1 edUE0711dhd e ARG LbARLAY y RHE BRI Ol Sierleny 20 ust abl e

curved Tace re INng mrro an adj us rve ace sem -transni ssion

mrror) may be,used . n place_qQf the reflection type . volune hol ggram | ens
7 Bt ner , Shiepelarizid pRESS0s kgt vt peilendicACD Sman glane
transm ssion type volunme_ _hol ogram optical elenent 51. In this case, the
HPDLC oy thedlthe quantity obbight of thebadegroundilighss &) redching thelpppildécearon t he
pol ari zing direction of an incident light flux and wth a dependence on

t he angbevafied ncFdghes, tht polarizingi plews 80 ighitatdduso tHat the pehsraing lightay
devi ce according to the present Invention, an HPDLC optical elenent my

not be Wsed pAsrisHE Blatd'86 blcorhe tht 'PPo1ARLEA %idhtdRISti¢k 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. Illuminating lights A



28 dutgoing froman illuminating |ight source device 10 are allowed to pass

.through a light guide prism40 and are directly slantingly incident on a
reflection type spatial |ight nodul ator 20B. The inage display device
shown in Fig. 7 includes an illumnating Iight source device 10, a
reflection type spatial light nodulator (digital mcromrror device) 20C

a light guide prism40, a transnissioﬂgtype diffraction optical elenent 52
and a reflectipn t Vol u hol pgram | ens. 70, . The light source device 10
for m nedtBaIEHom i Sy Byiefing BeRtadles B8Tice 10 Atk alioPen s8 8sS rdBEh % ghe
source |ike the above-descri bed ina%e di spl ay. device. The light source
devi ce lighti gigtepsism48awidcaradlieacsly slasenglylincident gnta reflactiondyae spatiak or
guiding a light flux emtted fromthe sem conductor |aser 11 and an

opti callight! Mckhlator OB, eThet Baage Aizplhe daiite ahdwai ¢n Figser iddludes an
incident on the light guide plate 12 nmade of a synthetic resin. The lights

with il:hum:nati R 1 RV 'Y No) . ol | ed
byt he TASHRAREHER RERRE! doyitnons FEfeciin (e 3PRUiR BenHBUHRGR( BRI -

|l ights A.outgoing,fro exlt surface 13 pass through the opiical film
14901 < poitantfop deyicd 0E, 7 tighe Bt Plun A TesnShidon g SBfration
emergence of the lights is further controlled. A reflection sheet not
shown ioptméem@mrgz prd prrefledieon typevelimuhologeamflennd0l i ght  guide plate
12 except the exit surface 13. Illumnating |ights A passing through the
optical film Phepdipht tdnuecy devicesilde foaningoftherignaped dplahelevightusgsiae

prism40 and are slantingly incident on the digital mcromrror device 20C
as the {80000 148G PPAS! Alight FohrdP ik ahe aboVeedescribed 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 farther 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.
Iluminating 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



29 digital mcromrror device 20C has micronmirrors corresponding to pixels
of a display imge and these mrrors can be respectively rotated. That is,
in the digital mcromrror device 20C, each mirror is rotated so that a
reflecting direction relative to an incident light flux can be changed for
each pixel. The side part of one end gé the light guide prism40 is wedge
shaped. The digital mcromrror devi 20C united to the outer surface of

Lot he SRR PREET T4 2087 rieb o PR ot isbOulfe 85 sbGEROF ™ e

illumnating lights Aincident on the digifal mcromrror, device_ 20C
whose r&sPayEpes dukiliess smigrars @éﬂthedPSEQFtW@ﬂY sefatedsi xEhatgy, imtheddigitah
mcromrror device 20C are partly emtted substantially vertically from

t he di ghi@bminorodévicer 200g\wack 2iConsisi rorgeddsspibay 4 irgflestify direction
correspondingly to the display inmage. Remaining parts of the illum nating

1ants ARG toPdd BRiGhABATILOCATBe khifiice Rt daydice 10 i de from the

digital mcromrror devi display ‘I'ights B substantially

| f d 20C
vert ol Y, et et R ol b o AT i 41 R et
alternately conplete reflections several tines in |i flux split
sur f acebha digital mycraminor dlevicy 29caanitd tnthe pyier a&@ qfrﬁhgrﬁld@pa‘étr@f | el

to each other. Then, the image display lights are slantingly incident on
the tremsend sif dhe ﬂighe gdidd pasti 40 ioptcinet relatvento the ilumindeng ilighepii cal |y
tight contact wth one surface of the light flux spl It surfaces 41 and 42.
The traspme&Bi8h HeAgsht source device 10.

The illuminating 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



30 diffraction optical element 52 is located at the other end side of the
J|ight guide prism40 as shown in Fig. 7. The image display lights B

i ncident on the transm ssion type diffraction optical elenent 52 pass
through the transm ssion type diffraction optical elenment 52 and are

i ncident on the reflection type volung hol ogram | ens 70 which cones into
optically tight contact with the tran & ssi on type diffraction optical

ot 1 i Tpctich SRRsAL FleiThu®SP R dataRE AfCk Bt 78 k' FCelelifBuhe 1

reflection type vol une holo ramlens 70 to becone a virtual imge display
| i ght s REi§H &fgsfwwnm - {-mage. The inmmge display lights are incident
again on the transm ssion type diffraction optical elenment 52. At this
time, the virtlld imagedigplapllmhts Bmddétor thadrasntissiontthpe diffasiorssi on
type diffraction optical element 52 at an angle of incidence different

fromt L@;]Su&ﬂ él&%ehﬂ?ggqéeiﬁgﬁ%&ysgzﬁ P‘E}oﬁ‘??ﬁ"ﬁ@. L gﬂta'&ﬁohr SPHcH] 108 ?E ype

diffra optica e prismi40. Therefore,

el ect | 14 294 e dRgicPht Rurthe sk B Spmaibivphm: %ﬂﬁg@%? Terls* 70 WiEA imes, g

pass through the transm ssion _type diffraction tical elenment 52. The
vi r t ual Inforaptically fighy contgpt Wit %@straartsmléﬂgn type difiirastionqptical elepaents5241 and
42 of the light guide prism40 and reach the pupil 100 of an observer. The
i mge dbspbdle defl¢atmmtypendlomet lolopmmdeseT® haswgusitive opiicdipower, 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 1mage display device according to the present invention may be



31 ‘further formed, as shown in Fig. 8, by using an em ssive m crodisplay
20D serving as a spatial light nodulator, a light guide prism40, a
transm ssion type diffraction optical elenment 52 and a reflection type
vol une hol ogram |l ens 70. The em ssive mcrodisplay 20D shown in Fig. 8 has
a light source contained therein to emt image display lights B in which
an intensity nodul ation corresponding'to a display inmage is performed. In

t he em §sj;V. ) djis . [ .em ssjon intensity is trolled for
cach pi SaIHeE B RE 4y gl S G BT bR E G oty oA Sty

I mmge are substantially yvertically emtted fromthe emnissive mcrodisplay
20D. THRS ﬁﬁ@%ﬂﬂﬂ&fm medpjajer, 2 @bﬂgmﬂ@@rt% 0 Bdransneissiva yperditiragiiony 20D
are incident on the light guide prism40 fromthe side part of one end of

t he |i gopticad elateemr 32 and @.refleetion depepeviunes holgramdens 70he i ght gui de
prism40 is formed in a wedge shape. The em ssive m crodisplay 20D united

to a plane of THCied§RGSe4micARlidf18y C20B! sﬁ%ﬁfgﬁ Mg, @443 Qeﬁgﬁ§ tsoffcene

end of the light guide prism407 s inclin atffve to l1g l'ux split

par at | ot Bldhefsifde et Bl ARG IRayS R I Furich HicPhaS Pogiiein oo

emtted fronltHe em ssive mcrodi splay 20D are incident on the |ight guide
pri sm AR9resRendmgyto a displanimage ks Berfened. aln tenemissivemignodisplan28bsal
reflections several tinmes in the light flux split surfaces 41 and 42 as

t he outleghtsemisasesiménditieis caitrolfpd fer guohspixéDandahaliiape tdisplag hightH & .
Then, the inage display lights are slantingly incident on
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



32 the transnission type diffraction optical element 52 provided in
optically tight contact with one surface of the light flux split surfaces
41 and 42. The transnission type diffraction optical elenment 52 is |ocated
to come into optically tight contact with the other end side of the |ight
guide prism40. The inmage display lights B incident on the transm ssion
type diffraction optical elenent 52 éass t hrough the transm ssion type

diffraction optical elenmen 2 and,.are jncide on the reflection.type
Vol unre 151 BanssSEin W6 lteactioan R e el it o2 mpvidh it cpiically el ne
transm ssion type diffraction optical element 52. Since the reflection
type vobQUHRCth ity r omg | SwEaceo ofiathen lighti flnde split i safaceswél | andhet2i mile
display lights B are reflected by the reflection type vol une hol ogram | ens

70 to tasmBsonviypeudiffracthge opticpl elerhéths3 iClodned nb nnde Wtot tysdicdllyage.
The image display lights C are incident again on the transm ssion type

dif I acigifbRRASAlt tRe 8RR end%idd'bf 1Y fght g{ggg&gfs{qhbt ual imge display

lights are 1 nciden transm ssi raction optical el enment
52 at an angl e-0f . incidence different .. fromthat of the image displa
Tants B (nei ik imnes AHRL At B Beidphon e atismision o PE MBI, 52
fromthe |ight guide prism40. The virtual jimage display lights C are

di ff rac@lét!ﬁag wdempnt A3 pasylthreughethe tangmagsiam éype diffractionoepticabelement
diffraction optical elenent 52 and pass through the transm ssion type

di f f r ac§2 andeptiineidentbanhotref2ctidheype voltahe ihvlggrash 30 lwigieh cog@ass

through the light flux split surfaces 41 and 42 of the |ight guide prism
40 and jneaePtitAey BgRt bordlt RhthARe 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 virtnal 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 prism 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



33 observer. In the above-described enbodinents, the inmage display |ights
are diffracted or not diffracted in the first transm ssion depending on the
pol arized direction or the angle of incidence, and the inmage display
lights are not diffracted or diffracted in the second transm ssion toward
the opposite direction in the HPDLC aqptical elenment 50, the transm ssion
t ype vol unme hol ogram opti cal el enent 381 and the transmi ssion type
diffracéﬁ&p %ptical el enent 52. However, the above relations may be
rever set ANt he i mage display lights may not be diffracted or may be
diffracted in the first transm ssion and the inmage display lights may be
diffracted or Iayheotbove-desartbest eembadinpgnts.ec dhadimage sdisplayonligifpante t he
opposite direction. The present invention is not [imted to the

above- déiffracteddoe moodiiffeadtsd iaxiHeafinstdtrsnsrhissRiredepeadihg éhaherpolariged It is
apparent for a person with ordinary skill in the art that various changes,

subst i tg&%ﬁi& BF t8d ahgﬁ:' SPARiQUREC bfid Y éﬁgtgg{m;gﬁﬁggfglggtgfgﬁw P rdd1e

attache ains and tRe gist theréo Ity e | nage
opt | cal OLJUER T T Sefind HEuBrERER MR URE GRPRC RerhBE T IAET e
optical_elenent having a positive optical power are optically eccentrically
ar r angePDilHus optigal @iﬂfl@%’f ki he teapsmdssienntyne velwmer halagramgepsicat han
other BGfiement 51 and the transmission type diffraction optical element 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



optfcal systens having the sane exit pupil dianeter and the sane display

«angle of view Further, the image display device enploys the decentered

optical system so that an optical system having higher resol ving power

can be realized by correcting the generated eccentric aberration by the

transm ssion type diffraction optical elenment. The use of the present

i nvention nakes it possible to real i z8%t he i mge display device in which

t he exi [ ' [.Spl: . vie n . reli can
pe- 1 nor Rl syafrarEA Bhe e faBle B BB Aler WY TR e B afla
made conpact and Iigﬁé., 35 Caims 1. An inmage display device conprising:
an i mag¥ie-sphagther, diedmags displayrdendce smplpzs dhe desentersd epticala3ys@mnent
for diffracting exit lights fromthe inmage display elenent; and a

refl ectsorthay pe opticalalsysteamdrvilgviighen rpselving epoopdr cah powenlited by
reflecting the diffracted Iights fromthe transm ssion type diffraction

opti cal corpb&iiNthe W gélfa'téa WE&htEiB GabepiRnl B the erﬁnﬁegibﬁque di¥frhéifon

reflection type optical element having the positive optic power are

i nci den i n the transmssion type diffraction optical elenent, the
transmégt?%ﬁe??ﬁgn iffraction optical elenment diffracts the reflected

lights with a dljlffracti on efficiency lower_than a diffraction .
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.



efficiency for the exit lights fromthe inage display elenment. 2. The image
«di spl ay device according to claim1, wherein the transm ssion type
difftaction optical elenment receives chief rays of the exit lights from
the image display elenment at an angle of incidence of 5 or nore with
respect to the normal of a light recejiving surface. 3. The inmage display
devi ce according to claim1l, wherein t}e transnission type diffraction
optical elenment is a volune type hole%ﬁam optical elenment. 4. The inmge

di spl ay device according to claiml1, ein the transm ssion type
diffraction optical elenent js_conposed of diffraction gratings di sposed
with 36 lunevenAgdmage displayieviGenemarisiigay el ement according to claim1,
wherein the transm ssion type diffraction optical elenment is a

pol ari zati on sai imbgeydisphdyoelearerepti cal el enment. 6. The inmage display
device according to claim5, wherein the polarization selective hologram
optical elene ' ; E A PRhsed fob Qi l; I cal
ol ermnt . 7. The 1Ry RO TR BUCAPORRER ot Witfacti S1R il

‘hol ographi ¢ ol yner,. dispersed. liquid crystal optical elenent has a P
pol ari zﬁioﬁ%#l%}fﬁ%/g%éﬁp ClEmEng; %"ﬂgy hi gher than an S pol arization

diffraction efficiency. 8 The inage display device according to claim1,
wherei n the red|188erdon ypgeopiiealc alemendnbavingagi pesitive epficali peweptfotal
power is a reflection type volune
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



hol ogram optical elenent. 9. The image display device according to claimi1,
wherein the reflection type optical elenent is a concave reflecting mrror
and the reflection surface of the reflecting mrror is formed to have one
pl ane of symretry and no rotation synmmetry axis inside and outside the

pl ane. 10. The inage display device according to claim1, wherein the
reflection type optical el enent havi the positive optical power is made
of a sem.-tr Lssion material for transmtting at |least a part of lights
froma ﬁ@%?ﬂlgﬂiggbe side to a front surface side as a transm ssion type
diffraction optical 37 elenment side. 11, The inmage display device according
to clai 1, whbEhelpage displaweelomant acporiing fte claiy 1 gwherain dhe tignswigsigmt h

bet ween the transm ssion type diffraction optical elenent and the

reflectiype tdiffeactioin aptical esfemienbaisi ag polurizationt isekecopti h@lo%raml\&fé)ticﬂ- The
| mage di spl ay device according to claim1, wherein an optica medi um

havi ng gepfitactive index larger than 1 is arranged in the optical path

bet ween the 1 mage display el enent and the transm ssion type diffraction

wher o1 0t he. ext t¢ iaee SRRRTIGE Rkt FRyRCS okl Belndlefaton
reflected at | east one or nore tines, in the optical nedium and then,
i nci dentelegilvedalpgnmeni epticeh elgpendiist pabelographic polymer dispersed liquid
crystal optical element.
7. The image display device according to claim 6, wherein the holographic
polymer dispersed liquid crystal optical element has a P polarization 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 posifive optical power is a reflection type volume
hologram optical element.
9. The image display device according to claim I, 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



optical element. 14. The inmge display device according to claim1, wherein
A he transm ssion type diffraction optical elenment optically cones into
contact with the reflection type optical elenent. 15. The inage display
device according to claim 10, wherein the transm ssion type diffraction
optical elenent is a polarization selective hologramoptical elenment and a
polarizing plate is disposed in the r8ar surface side of a pl ane of the
reflection té’&% optical elenment on which the diffracted Iights are
i nci derft™MBS¥ke | nage di splay device according to claim 15, wherein the
polarizing 38 plate is arranged to mainly transmt the lights with such a
pol ari Zilng or ildet Woagm digplay dewisiecacdondingnia plaimi 15 Pher¢iona GUATEr-Wave of
the transm ssion type diffraction optical elenent. 17. The inage displ ay
devi ce pawoidliprgvidedcimiam dpticatheath betheerpahartransigispioat eypeadiffedcsion on an
axis substantially vertical to a light receiving surface. 18. The inmage
di spl ay : : . ’ : > . te.
the QU ER/AERPARL U5 EAIERITHER ot S1étnen] hirdhgh R N gl
arranged in the rear surface side of the plane of the reflection type
opti calP®¥rent on which the diffracted lights are incident. 19. The image
di spl ay device_according to claim18, wherein at |east one of the
quart erlZaave dihgt émage gﬁEIEWOI@WilQﬂ geprding stac alaipe shedtheyeiny anopptiealon
axes substantially vertical to their light receiving surfaces.

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.

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 display device according to claim 15, wherein the polarizing



20. “An image display device conprising: an image display elenment; a
Aransm ssion type diffraction optical elenment for receiving exit lights
fromthe i mage display elenent; and a reflection type optical elenent
having a positive optical power for reflecting the exit lights fromthe

i mage di splay el ement which pass throggh the transm ssion type diffraction
optical elenent wthout being diffracfed in the transm ssion type

the r ot R GLERRDY %%@ﬂzlﬁzm%ﬁ“ﬁmg b SRS BhRplionThier

are incident again on the transm ssjon pe diffraction optical eI errent
the trdRsmaksi swigye e diiaction f‘(fﬁf«‘leéléb’ @T e fransamigsion dype diEfractiaect ed
lights with a diffraction efficiency higher than a diffraction efficiency
for theopticdl elérglits from the i mage display elenent. 21. The inmage display
devi ce according to claim 20, wherein the transm ssion type di ffraction

opti cal el enentpg ﬁﬁg%é’%%éﬂﬁ‘y Revia Boirdirhie e Kidind 19hWheléiaMHichSolaia

di spl ay el ement at | € of 1 ncidence™o ot e W|t res ect tJd the

nccor i Gt SOAT okl o BT vt G0 hEREG BN IR B on ot ca

elenment_is a vol une type hol ogram optical elenment. 23. The | mage di spl ay
devi ce Hecor dithy ¥eags displaodevipe pecordingta elaiont G svlaprein g fastpelarizng on
optical elenment is conposed of diffraction gratings disposed with

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.
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 device 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



uneven spaces. 24. The inmage display el enent according to claim?20, wherein
«the transm ssion type diffraction optical elenent is a polarization

sel ective hologram optical elenment. 25. The i mage di spl ay device accordi ng
to claim 24, wherein the polarization selective hol ogram opti cal el ement
I's a hol ographic polyner dispersed liquid crystal optical elenent. 26. The
I mge di splay device according to clai® 25, wherein the holographlc

pol ymer ptical el ens ri zation

G 11 r aceiaet e (e sy hBlcARbwE, o8 FERICa0 &84S, Frulfy Manfleith
efficiency. 27. The inmage dlsplay devi ce ,according_to claim 20, wherein the
refl ect t}fm tfﬁaétleetqr&@al slesnent;, the wangmissdon d¥pe |dyﬁra9mncept1@aiv@,1eme§t a
reflection type volune hologramoptical elenent. 28. The inmage displ ay
devi ce diffractdi thg teflectead HpR3, withes diffrddtienr effictend f}OhlgHCYﬂBalﬁ)B.tdiffﬁhC@d)I@rmnt
having the positive optical power is a concave reflecting mrror and the

refl ect bfki arahefexith Ht@fﬁt(ﬁﬁtthé'gmﬂhéﬁ?sr é%ys egﬁé};ﬁd to have one plane of

symetry an o] rotatlon yrmetry aX| | nsi out si de the plane. 29.
The i ma dis eV| rdJn m reflectlon
{ype optival elbnihaenifeley ShticBderordnlyfifem Monderia haanspission

sem -transm ssi on materl aI for transmtting at |east_a_part of lights from
a rear tygrdidlractioneptisalelement rengivascehief taéfsa:ﬁ the exidights &fasm the peage
diffraction optical

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 polymer dispersed liquid
crystal optical element.

26. The 1mage display device according to claim 25, wherein the holographic

polymer dispersed liquid crystal optical element has a P polarization diffraction



el efrent side. 30. The inmge display device according to claim?20, wherein a
quarter wave plate is provided in an optical path between the transm ssion
type diffraction optical elenment and the reflection type optical el enment
having the positive optical power. 31. The inmage di splay device accordi ng
to claim20, wherein an optical nediumhaving a refractive index |arger
than 1 is arranged in the optical patl‘?f0 bet ween the i nage display el enent

and the ansm sskon .t ype diffractlon tical |enent. 41 32. The inage
i spl ay PR BREF e § inbffadal aiachion ofEBBEY: 1 ghcs from e

I mage display elenment are internally reflected at | east one or npre tines
in the 8pticalThednags displayndgvice seromhng da ¢lpin2(igherein ghe rgfection
diffraction optical elenment. 33. The image di splay device according to

cl ai m 2¢;pevtysticdl relétent having thei mositivey pptidalf powet ioa roflectten typeewehime
optically conmes into contact with the reflection type optical elenent. 34.

The i naggigdrem Ghicdt¥ldBemccor ding to claim 29, wherein the transm ssion
PR Al

type di optica efenent is a polarization selective hol ogram
oPL] o2 251 eToRh Bied BRLAL AL MBS HlSRIRI Pubin FReBRIEC, o
wher 61 niYee OpGEal Fldment having the positive optical power 8 & 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.



pl affle is arranged to mainly transmt the lights with such a pol arizing
LOfientation as to make mininumthe diffraction efficiency of the

transm ssion type diffraction optical elenent. 36. The imge display

devi ce according to claim 34, wherein the polarizing plate can rotate on
an axis substantially vertical to a light receiving surface. 37. The i nmage
di spl ay device according to claim 29, erein a first polarizing plate,

arr angen®i n ¢ nbhs omaeg fniled ERCF aeBiuia f il 3o Mide e oht Tignls

optical element on which the diffracted_|ights are incident. 42 38. The
i mage dfropr dhe tvage dispap etpment arecintgrnaBy reflpeied; at least) engser srsedimes he
guarter wave plate and the polarizing plates can respectively rotate on
axes  sitbshardptilal ymeéiun,cahd tthehpéncidengloh thec elavkigssion ftgpesdiffraction
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
plate can rotate on an axis substantially vertical to a light receiving surface.
37. The 1mage 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.



