L1 QJ D=€RYSTAL PRQJECTI ON DEVI CE BACKGROUND OF THE | NVENTI ON Fi el d of the

| nvent i orS%7 IMEFPQEBR_Nt i nvention relates to a |iquid-crystal projection
device i.e. what is known as a projector and in particular relates to
i nprovenents in the light source and peripheral optical systemof a
smal | -size liquid-crystal projection device. 10 Description of the Rel ated
Art As the light sources enployed in conventional |iquid-crystal projection
devi ces, |ight sources ubIQYIB-ERYSTRECBROJECHEONIDEVICE - gui de plate or
el ectrical discharge-type light sources such as netal halide |anps have
cone to be enployed. 15 1In particular, Japanese Patent Laid-COpen nunber
Sho. 51-119243 discloses a flat plate-shaped |ight source. This
specification states that theSSRIN e IHRa JAYENTION sour ce enpl oys
el ectrol Li-‘ﬁé‘fécoef'ct%ei Fiv %tei?gtqr ol um nescent. el ements. However, in the case
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of a |ight-source enproyriy | uorescent tube 20 or light-guide plate, it
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nmetal halide | anp, the reflect%w of arggﬁgb%€§ﬁ¢%g?%%ﬁﬁa%g§%€%@%&%@%ﬁf
necessar ya tsmalilr-aciizd Neidu idhicrdist@i19ipYe fectidn @dviigd, source parallel to
the liquid crystal panel was a factor inmpeding mniaturisation of the o
| i qui d-crystal projection device. In particular in the case of a

linqui d-crystal projection device for colour display, further

m ni 4P ur i Desicei phi : i . BArhr oj ecti on device was difficult ow ng

projection devices, light sources using a fluorescent tube or
light-guide plate or electrical discharge-type light sources such
- as metal halide lamps have come to be employed.

15 1In particular,'Japanese Patent Laid-Open number Sho.51-119243
discloses a flat plate-shaped light source. This specification
states that the flat plate-shaped light source employs
electroluminescence i.e. electroluminescent elements.

?\/, | However, in the case of a light source employing a fluorescent tube

20 . or“Iight-guide plate, it is difficult to make the diameter of the
fluoresce_nt tube etc. small. There was therefore the problem that
miniaturisation of a liquid-crystal projection device was |
difficult, since the thickness of the light source itself could
not be reduced below the diameter of the.fluorescent tube.

25 Also, in the case of an electric discharge-type light source such
as a metal halide lamp, the reflector of large aperture that was
considered necessary to dire¢£ the light.diverging from the light
source parallel to the liquid crystal panel was a factor impeding

miniaturisation of the liquid-crystal projection device.



crystal - nts consisting of a light source as 5 aforenentioned
- and quui%fgéég?giiﬁgnel for each of the primary col ours constituting the

col our imge. Also, Japanese Patent Laid-Open nunber Sho.51-119243 does not
clearly disclose a material constituting a | um nescent |ayer of an
el ectrol um nescent el enent. Wen the conventional inorganic 10

| ect rol umi nescer nt. When ¢! | c 10
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further probFemwas that the drive voltage required for an

el ectrol UEirs}Q%aQnaieFﬁgnbléﬁéﬂﬁsi B86hgastEngROEr hal ight asoureetad00 volts,
which is conparatively high. SUMWARY OF THE | NVENTI ON 20 An object of the

preserg i afepementiontd Andvifiquad| coystalryahel Poojeath cof deve gorideerei n,
in order to solve the above problens, greater miniaturisation than _
convent i oeallbursacohstdthiténgdthedcohouhi dimagebri ght i nage can be projected
with low voltage. In nore detail, a first task of the present invention is
to provi dalgb,aJapaneser Pategti BaidySpen ppvper: fba-Hdévlid2¢hadoegnngt
driven with lower voltage than conventionally and whereby a brighter innge
than conveAersdy Hiscdpspeapmateriad eynsEétahingq 2t henyneseent olayer (o
anount of |ight produced by divergence of the light, by enploying an .
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luminescent layer, light from the electroluminescent element is
light of a highly divergent character. This therefore suffered from
the problem that projection of a bright image could not be achieved
since the light could not be effectively directed into the aperture
15 | of the projection lens. |
A further problem was that the drive voltage required for an
electroluminescent element using inorganic material is at least
100 volts, which is comparatively high. -
SUMMARY OF THE INVENTION
20 An object of the present invention is to érovide,a liquid-crystal
projection device wherein, in order to solve the above problems,
greater miniaturisation than cohventionally can be achieved and
in which a bright image can be projected with low voltage.
In more detail, a first task of the present invention is to provide
25 a miniature liquid-crystal projection device that can be driven
with lower voltage than conventionally and whereby a brighter image
‘than conventionally can be projected by preventing the diminution

in the amount of light produced by divergence of the light, by

employing an organic electroluminescent element having a resonator



l'i qui d-cr Lection device whereby a brighter inage than 5
Convenfio%g?$§3gggbﬁé proj ected by increasing the anount of |ight that can

be transmtted through the polarizing plate of the liquid crystal panel by
using a polarization conversion el ement that can convert the condition of
pol ari zation of the emtted Iight fromthe |ight source. 1 A third task
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projected.sbgmﬁggéaasing the amount of light that can be transmtted
t hr ough tﬁe polarrzing plate of the liquid crystal panel by enploying a
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band in projecting a colour I1rmage. A fourth task of the present invention

is to proyigaia-Brysehlr prbijastiofir 46vabe PWRELEDY 08 BEYYRCe¥ENEHY €han
brighter imge than conventionally can be projected by Increasing the

anounts of cbhgbht26nhhay €an bee projestied! by invxegtind ehepambune of kiglitxel
and mniaturising the device itself by enploying a mniature | um nescent

el emrent cehpti cande transmittedarhiryugh ehenpolarizingyskste lof thegltiqmid o
pi xel apertures of the liquid crystal panel. 25 A fifth task of the present
i nvent i oncrystalppanelicoy usiimigaaupel ax zatien wonvensigire elepsniicthat can
whereby a clear image can be projected by raising the purity of the |ight
that is prepyersdthrdcendibirghoficpelesipatien i Htke remitiedalight pirom

I ncreasi ng_the amunt of |ight consisting of light of only a specified
wavel engt kb8 1igh§ 8RPES®i-ng nini ature | uminescent el enents that emit |ight
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consi sts liquid-crystal projection device whereby a brighter image than
conventionally can be projected, by increasing the amount of light
that can be transmitted through the polarizing plate of the ligquid
crystal panel by employing a polarization conversion element that
15 functions in a specified wavelength band in projecting a colour
image.
A fourth task of the present invention is to provide a miniature
liquid-crystal projection device whereby a brighter image than
conventionally can be projected by increasing the amount of light
20 that can be transmitted through the aperture of a pixel and |
miniaturising the device itself by employing a miniature
luminescent element comprising a microlens array element that

focuses the light on to pixel apertures of the liquid crystal panel.

25 A fifth task of.the present invention is to provide a miniature
liquid-crystal projection device whereby a clear image can be
projected by raising the purity of the light that is projected and
the brightness compared with conventionally, by increasing the

amount of light consisting of light of only a specified wavelength



5inal |% ggrﬁ 5‘9 projection device having a liquid crystal display
el ement ¢ ##) My S n organi c el ectrol um nescent el ement constructed by
sandwi ching an organic thin-filmelenment between an el ectrode | ayer that
reflects light and an el ectrode layer that transmts light; and a
transparent liquid crystal panel that 10 controls the transm ssion of
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white |ight. § Qui.ds tal projection device according to claim3
consi sts J|§JrL'1 %A’f%ﬁqﬂ%’c"ﬁéﬁm proj ection device according to claim 1l wherein
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col our lum neScent layers respectively emt of 20 Trespective
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di splay. A liquid-crystal projection device according to claim4 consists
in a liquidsplagtelentny eenpetisdayk Cfn aegandicngl éotebbitiidesbentidl dnent
organi c el ectrolum nescent element is constituted of a 25 transparent

el ect r odecbngtruocted| hy ngandwichipgramtorgdrsic athei n+f1i6 norejamentt betwednm

| ayer overlying this transparent el ectrode |ayer and an el ectrode | ayer
over | yi nganielegtrode layiex thatmrteflactandighstandfdreelectirgie bayex ddaty
the organic thin-filmlayer. A liquid-crystal projection device according
to clai m braps@iteslight;jand aj trapspayent| 1awjdcervsitakparehcer®ing to
claiml wherein_the organic, el ectraolum nescent el enment conprises:
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| ayer; a teigcngggi&%ngjsgg}l{;oglfellngxe.r t hat sandw ches the organic thin-film

A liquid-crystal projection device according to claim 2 consists
in a liquid-crystal projection device according to claim 1 wherein
the organic thin-film layer ié constituted as a white luminescent
15 layer that emits white light. _
A liquid-crystél projection device according to claim 3 consis£s
in a liquid-crystal pfojection device according to claim 1 wherein
the organic thin-film layer is constituted by succeséively stacking
primary colour luminesceﬁt layers that respectively emit light of
20 respective wavelength regions of a plurality of primary colours
| hecessary for colour display. _
A liquid-crystal projecﬁion device according to claim 4 consists
in a liquid-crystal proj_ectioh device according to claim 1 whereiil
the organic electroluminescent element is constituted of a
25 transparent electrode layer overlying a transparent substrate, the
organic thin-film layer overlying this transparent electrode layer
and an electrode layer overlying the organic thin-film layer and
that reflects light emitted by the organic thin-film layer.

A liquid-crystal projection device according to claim 5 consists

4



5 'I"ayer;" %ﬁﬁ;bi | f and this electrode |ayer; and a half-mrror |ayer
provi ded éc?ﬁ}t e olp%v?cgal output side fromthis transparent el ectrode | ayer

and that reflects sone of the incom ng |ight through the transparent
el ectrode layer into the electrode |layer, while transmtting the rest of
this light; and the distance between this 10 hal f-mrror |layer and the
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the light ' In qu I on. -crystal “projection device according
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of clainms 1 to rein, between the organic el ectrol um nescent el enent
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pol ari zati on conversion el enent that converts the polarization condition of
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transparent liquid crystal panel 1s provided with a polarizing plate that
t ranssi t slayehtbetfwemeditisedd padathiat ebectfodedialrér prandfa hhd fl-mdbiror
emtted after passing through the polarization conversion elenment. A

| i qui d- crlayert mprayiabed @n dhe optdcadr dutputo sildsl firomec shdisstxansparent
|'i qui d-crystal projection device according to claim6 wherein the
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A liguid-crystal projection device according to claim 6 consists
ina liquid—'crystal_ projection device according to any one of claims
1 to 5 wherein, between the organic electroluminescent element and
15 the transparent liquid crystal panel there is further provided a
pelarization conversion element that converts the polarization
condition of emitted light from the orgahic electrolumine_sc.ent
element, and the transparent liquid crystal panel is provided with
a polarizing plate that transmits light of specified polarization
20 condition, of .the light emitt.ed" after passing through the
polarization conversion element.
A liquid-crystal projection device according to claim 7 consists
in a liquid-crystal projection device according to claim 6 wherein
the polarization conversion element compriées: a circular
25 polarization selective reflection fili:er arranged on the organic
‘electroluminescent element side and that reflects one circularly
polarized component of rightéhanded circularly polarized light and
left-handed circularly polarized light and that transmits the other

circularly polarized component, and a 1/4 wavelength plate that
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5. °in.a | 5gubi3ppysi@! Projection device according to claimé6 wherein the
pol ari zati on conversion el enment conprises: a linearly polarized |ight
selective reflection filter arranged on the transparent |iquid crystal
panel side and that, of two perpendicular linearly polarized conponents,
reflects one linearly polarized 10 conponent and transmts the other
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proj ecti obigryice according to any of clains 6 to 8 wherein the :
pol ari zati on conversi.on el enent conprises a pol arization selective

reflecti on ITiqubd-¢hpstal @rdfecteivn dedideghbcordangPesidi£in V@‘é@n%g.%ttré

region, transmts light of this specified polarization condition an
refle@ s inghilighidtbeys2al pod pectzidn devicedatcording o eladmcs Yhetein
proj ection device according to claim 10 consists in a |iquid-crystal
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el ectrol um nescent elenent and the transparent liquid crystal panel, there
i s furthePoprbizeddl ight ofelectivesreflecliamsi bltey atranged werdiea

m crol ens_el enents that collect output_light fromthe organic
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into linearly polarized light and that converts linearly polarized
light into circularly polarized light.
A liquid-crystal projection device according to claim 9 consists
15 in a liquid-crystal projection device according to any of claims
6 to 8 wherein the polarization conversion element comprises a
polarization selective reflection filter that, for the emitted
light of a specified wavelength region, transmits light of this
specified polarization condition and reflects light of other
20 polarization conditions.
A liquid-crystal projection device aécording to claim 10 consists
in a liquid-crystal projection device according to claim 6 wherein,
between the organic electroluminescent element and the transparent
liquid crystal pahel, there is further provided a front-side
25 microlens array element wherein microlens elements that collect
output light from the organic electroluminescent element are
arranged corresponding to individual. pixels of the transparent

liquid crystal panel.

A liquid-crystal projection device according to claim 11 consists



5 tﬁe.tré | quid crystal panel are arranged in the vicinity of the
fear-SideE§2§g$Eé6#ha of the mcrolens elenents. A liquid-crystal

projection device according to claim12 consists in a |iquid-crystal
proj ection device according to any of clains 10 or 11 wherein the
transparent liquid crystal panel conprises 10 an optical screening el enent
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apertures of the liquid crystal panel, on the side where |light 1s output
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| i qui d-crystal projection device according to claim14 consists in a
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| ength of the mcrolens elenents and the distance between this rear-side
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adj usted such that the apertures of the pixels are a[ranged in the vicinity
of the frdntasliguidearypbahtpxsjeciiondewian agcordiagstel apgnef claims

|'i qui d-crystal projection device according_.to claim 15 consisfs in a
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' on portions other than the aperture of this pixel.
A liquid-crystal projection device according to claim 13 consists
in a liquid-crystal projection device according to any of claims
15'. 10 to 12, further comprising a rear-side microlens array element
constituted by arranging, corresponding to individual pixels,
microlens elements that suppress divergence of light transmitted
through the pixel épertures of the liquid crystal panel, on the
side where light is output after passing through the transparent
20 liquid crystal panel.
A liquid-crystal projection device according to claim 14 consists
in a liquid-crystal projection device aiccording to claim 13 wherein
the focal length of the microlens elements and the distance betweén
this rear-side microlens array element and this transparent liquid .
25 crystal panel are adjusted such that the apertures of the pixels
are arranged in the vicinity of the front-side focal point of the
rear-side microlens elements..
A liquid-crystal projection device agcording to.claim 15 consists

in a liquid-crystal projection device according to any'of claims



5 elect r ' el ement,. and the transparent liquid crystal panel
Lconpri sesg%%ﬁéfg"%g plate that transmts |ight of specified polarization
condition, of the light that is output after passing through the

pol ari zati on conversion elenent. A liquid-crystal projection device
according to claim16 consists 10 in a liquid-crystal projection device
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pol ari zed™ conponent nd a 1/4 wavel ength plate that converts circularly
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pol arized light into circularly polarized [ight. 20 A liquid-crystal
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proj ection device according to claim 15 wherein the polarization conversion
el enent cpanel semprdslesr®polpeliaingailiate thattranemits| kightoof fspecdified
arranged on the front-side mcrolens array el enent side and that, of two 25
per pendi cpblarizathonpoonditzion oefcthpohibght thadf iscoutpnt aftrmmpagsing
pol arized conponent and transmits the other [i nearI%/ pol ari zed conponent,
and a 1/ 4thsougbnthe pehasizabionopQRYEES EPR celemeDtpol arized |ight into
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liquid cr a
' polarization selective reflection filter arranged on the organic

electroluminescént element side and that reflects one circularly -
polarized component of right-handed circularly polarized light and

15 left-handed circularly polarized light and tha't_ transmits the other
circularly polarized component, and a 1/4 wavelength plate that
converts circularly polarized 1ight. into linearly polarized iight
and that converts linearly polarized light into circularly
polarized light.. |

20 A liquid-crystal projection device according to claim 17 consists
in a liquid-crystal projection device according to claim 15 wherein
the polarization conversion element comprises: a linear
pola:ization selective reflection filter arranged on the
front-side microlens array element side and that, of two

25 perpendicular linear polarization components, reflects one
linearly polarized component and transmits the other linearly
polarized component, and a 1/4 wavelength plate that converts
circularly polarized light into linearly polarized 1igh£ and that

converts linearly polarized light into circularly polarized light.
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Al i quid-crystal projection device according to claim19 consists in a

I'i qui d- cr§%¥%¥3%9g?@ét I on device according to claim 18 further provided
with a transparent screen whereby an i mage projected fromthe projection

| ens can be observed fromthe opposite side of this 10 projection lens. A
| i qui d-crystal proj ection device according to claim20 consists in a
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by the conbining optica I qui crysta proj ection device

accorgg ngl&gughabgyggag%ghéis in a liquid-crystal projection device
according to claim 20 wherein the plurality of organic el ectrol um nescent
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l'i quid-crystal projection device according to claim22 consists in a
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liquid crystal display elenents including organic el ectrolum nescent
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that controls the transm ssion of light emtted fromthe face of the
or ganl‘é ePEeestirPndeB8nt el enents; and furt her corrprl sing a combi ni ng
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in a liquid-crystal projection device according to any of claim
1 or claim 4l, further provided with a plurality of liquid crystal
display elements that control the transmission of light of

15 respective wavelength regions of a plurality of primary colours
necessary fof colour display; a combining optical system that
generates a colour image by combining images of primary colours
emitted from the plurality of liquid crystal display elements; and.
a projection lens that projects on to a screen a colour image

20 coﬁlbined by the combining optical system.

A 1i§uid-crysta1 projection device according to claim 21 consists
in a liquid-crystal projection device according to claim 20 wherein
the plurality of organié electroluminescent elements are provided
with an optical resonant. structure.

25 A liquid-crystal projection device according to claim 22 consists
ina liciuid-crystai projection device comprising, lfor each primary
colour, liquid crystal display ‘elements including organic |
electroluminescent elements having an optical resonant structure

adjusted such as to emit light of respective wavelength regions
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eniftexigifyﬂgﬂya%yﬁ§pective liquid crystal display elenents, and a
projection lens that projects on to a screen the col our inmage conbi ned by

t he conbi ning optical system A |liquid-crystal projection device according
to claim23 consists 10 in a liquid-crystal projection device according to
any of clainms 20 to 22 further conprising a transparent screen constituted

S0 that ool BRaEaPLLl G G 1h0P LAfoRt OlridgihhPBe: G By SR ahiom

1
the opposite side © proj éction Tens. crysta ection

devi ce af¢QadisPArentcl dilidc S Bloantl thaf ddmitioh € iond ﬁi:aﬁéﬁliﬁﬁ!i.{)ﬁ”

device according to any of cldainms 20 to 23 wherein the liquid crysta

di spl ay & anR{its eldicttledr feeiiPthe efadeioeaihd begandeneteeteslumliHebaeagent
el enent and t'he transparent liquid crystal panel, a front-side mcrolens

array caslsdmdnt=d dnd Furdherngompeisefigoadionpbimingdptidiall spisxemsthat20
the transparent liquid crystal panel, mcrolens elenents that collect the

| i ght engenexhtiesom ¢dibour dmaige ey eombdnimgnimages off eaehtprifndrnyoollearyst al
proj ection device according to claim25 consists in a |iquid-crystal

proj ect iemitizad drom thedragpectivei hi@uidivrystabslispd dyi elietentgst ahd

di splay elenments further conprise a rear-side mcrolens array el enent

const i t 1R @ryjeckiemdiens hat &ReIRHtSy ono teadh SFireen, thecrollens damagent s

t hat suppress divergence of |ight passing through the pixel apertures of
the |iquidmkined Ry |comiiining QRYIRLiSYStEM | ght t hat has passed

101§ NS RUSASh A esh L0 drSLE e cBIo, o4 4k SEhtBbibes
PAOUBC 60 4154 AR RSSO0 A0, 00N ) SHPLEE 01 R WGP o e ng

el ement 2§ (&7 IQHher ¥niri¥isR] @) transparent screen constituted so
that an image projected from the projection lens can be observed
from the opposite side of this projection lens.
A liquid~crystal projection device according to claim 24 consists
15 in a liquid-crystal projection device according to any of claims
20 to 23 wherein the liquid crystal display elements further
compriée, between the organic electroluminescent element and the
transparent liquid crystal panel, a front-side microlens array
constituted by arranging, corresponding to individual pixels of
20 the transparent liquid crystal panel, microlens elements that
collect the light emitted from the organic electroluminescent
element. |
A liquid-crystal projection device according to claim 25 consists
in a liquid-crystal projection device according to claim 24 wherein
25 the liquid crystal display elements further comprise a rear-side
microlens array element constituted by atranging, corresponding
to each pixel, m_iérolens elements that suppress divergence of 1ight
passing through the pixel apertures of the liquid crystal panel,

on the output side of 1light that has paésed through the tranéparent

10



elehents‘conﬁrise a reflection preventing film adjusted such that its

reflecti§??9 PBOLgWESt for |l ight of the wavel ength region of the primary

colour allocated to the liquid crystal display elenent in question. 10 A

l'iquid-crystal projection device according to claim27 consists in a

|'i qui d-crystal projection device according to any of clains 20 to 26

wher ei n ihe li,quid crystal display elenents, between the organic

el ectrol ﬁﬁ“é@c%ﬁysEPinﬁﬂPeénd the front-side microlens array el enent, are
conversion, 15 ele mtcigat cqnverts

the. ol abi AT hrF e} BFodechton Bav IS ACITohTh oo F pann 28 Consists
o ovi ded i S TR ARt BRNAERS BbopEdihacFo S3hEiqf Hldims
Phe pol atbsoF; 2 WhePBL) the ShtohbBiae R B oy T et S ohid 1 0

accorgli naeae-ghaé%zérsﬂaﬁé,Safréhy Elehdivt G £t %1@{_{&% 1d%ﬂsg>galyhe

according to claim27 wherein the polarization conversion ‘el enent

liquid ceyehahtdi Shhpiyife ATRREIELIBh PRSvENPDAG T 28 hAHuSELECsuME that
reflection filter that 25 transmts |ight of specified polarization

condi ti ofitsi t6f1espeeity ois MowaBt tfed Niight of thepeavélenytmvedping! bt
region and that reflects light of polarization condition other than this.
BRI EF DEthelpfinetyoeoldarDRrddESed toFthe lliquidierystadl displayteldmegtam of
a liquid-crystal projection device according to enbodiment 1 of the present
i nventi obn gugstons a | ayout diagramof a liquid crystal display el enent
| a_(organic, el ectrolum nescent elenent 10 and transparent liquid 5 crystal
panel® 200 higwidemystak mradiestion depige aceerding fouclaifng? aassigts qui d
- crystal disgl element | b (organic, el ectrolum nesgcent el enent 11 _and
t r anspar &Rt f’ 1}d-crystal ré%ectlon device according to any of claims
20 to 26 wherein the liquid crystal display elements, between the
organic electroluminescent element and the front-side microlens
array element, are further provided with a polarization conversion
15 element that converts the polarization condition of emitted light
from the organié electroluminescent element, and the transparent
liquid crystal panel is provided with a polarizing plate that
transmits light of specified polarization condition of light that
is emitted after having passed through the polarization conversion
20 element.
A liquid-crystal projection device according to claim 28 consists
in a liquid-crystal projection device according to claim 27 wherein
the polarization conversion element of the liquid crystal display
elements comprises a polarization selective reflection filter that
25 transmits light of specified poiarization condition with respect

to the emitted light of a specified wavelength region and that

reflects light of polarization condition other than this.

BRIEF DESCRIPTION OF THE DRAWINGS
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crystal p; 0).according to enbodinent 2; Fig. 4 is a |layout diagram of
a I>/i qui dp%l?gé\é]l’aﬁfgﬂl ay elenment 1c 10 (organic el ectrolum nescent el enent
12 and transparent liquid crystal panel 20) according to enbodiment 3; Fig.
5 is a layout diagramof a liquid crystal display elenment 1d (organic
el ectrol um nescent el ement 11, polarization conversion elenment 13 and

transparept |iquid c\rﬂ%/stal panel 20) according to 15 enbodinment 4; Fig. 6
is a perspe¥tildS\RFvEral] layrutdiagram ¢fsp) biawidrarystal pyogestion

{1 anspar VLTS SURG) o SURSRBIeE cb R 1N s omenkions g 7
ereotrof uniecoant etarght Shesrd 6% R ihtuciete it hisdian Stbpehata

eIl ' t dinent 5 Fig. 8 i
per spect | Ver SRy GTRE ety SR MR e igtud °
el ect 0l Wgﬁrﬁaﬂfr@@* g@co‘iocﬁzxg% ig&téﬂ% H sj.on el enent 14 and

transparent” liquid crystal pane acco o enbodinent 5; Fig. 9is a

layout dimpgam dfs a Lagohe Elagtah off aPLayuehespp FQP&}* |
" el ectrol um'g?\escent el e?rent 12,9%1%r0nt-si deﬁﬁi crol engégré%r 1 %leg\eélrir:e%P 15

and trans(orgamic i eléctxsMailedial difdmernc ardidig o RN Gpuifd 9. 10

is a layout diagramof a liquid crystal display elenment 1Ig (organic '

el ectrol wiystrkbparmtkn2) dofding -t dabodimeran;5 array el ement 15,

transparent liquid crystal panel 16 and rear-side mcrolens array el enent

17) accorkig 4 dseabbayowntdinggrim ofia Liquidayoystall abisphay el ementi Uc

crystal di stI ay, element . o
10 (organic electroluminescént element 12 and transparent liquid

- crystal panel 20) according to embodiment 3;
Fig. 5 is a layout diagram of a liquid crystal display element 1d
(organic electroluminescent element 11, polarization conversion
element 13 and transparent liquid crystal panel 20) according to

15 embodiment 4; |
Fig. 6 is a perspective view of a liquid crystal display element
1d (organic electroluminescent element 11, polarization conversion
element 13 and transparent liquid crystal panel 20) according to
embodiment 4;

20 Fig. 7 is a layout diagram of a liquid crystal display ele'ment. le
(organic electroluminescent element 11, polarization conversion
element 14 and transparent liquid crystal panel 20) according to
embodiment 5; | |
Fig. 8 is a perspective view of a liquid crystal display element

25 1le (organic electroluminescent element 11, polarization conversion
element 14 and transparent liquid crystal panel 20) according to
embodiment 5;

Fig. 9 is a layout diagram of a liquid crystal display element 1f

(organic electroluminescent element 12, front-side microlens array

12



1h (:"or;ga"' I m nescent el enment 12, polarization conversion el enent
13, fron?é-&%gféré%%#ens array elenent 15 and transparent 10 [|iquid
crystal panel 18) according to enbodinment 8; Fig. 12 is an overall | ayout
diagram of a liquid-crystal projection device according to enbodi nent 9;

Fig. 13 is an overall |ayout diagramof a transparent liquid crystal

di splay e | 1 i : 10 ' i t@éﬁr | out
di agram o%féﬁﬁaﬁf%%%s@% a%%g%@?%g%t ?gﬁhé‘év?ggég?ég?al ng 1tsso)(’ie%nbo |d?1§1r$t lt%/;
and Fig. | jﬁg? vetall layout diagramof a liquid-crystal projection

devi ce ac%:‘?)tr)%(?ng g ghbodi ment 12. DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS
20 Next 1Fi?g?f ﬁéfgsl £"PAFOWE N SaPharh NEE N OSiRfid RSN Hlspldes @lidhRatvi th
reference to the drawi ngs. Enbodinent 1 (Layout) A'liquid-crystal

proj ecti QI‘ngdi:?&ni‘éC@I&Eﬂﬁolmiﬁ@s@éxﬁseéllen?&lt i Tverfrcar - sisles hdwrdlens g.
1, conprises aliquid crystal display elenment |a, projection |l ens 30 and
frame s40. an@*emxémﬂ £55 tHanspayemi 1igtid cnystalhpaneh linand rean-isddef rom
liquid crystal display elenent l1la is imged on a screen 50. Although only a
si ngl e prmjiecolens| ansaysetémenti h7) hacdopding toiemkediment3 7; of course
be constituted by an assenbly of a plurality of |enses. Specifically, the
proj ecti oRigenilmiy delayoutrditagranha tbldwid Gaygial ay eienenige
emtted fromliquid crystal display elenment |a before it is formed on

screen 501hgonganic ebersrelwminesgent gdementcdy ROLATLZALACRGARYRRI AR t he

entire liquid-crystal_ projectjon.device and is gonstituted ch that the
opti cal cPLRBRRE 17 o CHRNGNALAS P RALARE BT T, e nin e, FO8 Grpnebaren

“~10 1liquid crystal panel 18) according to embodiment 8;

Fig. 12 is an overall layout diagram of a liquid-crystal projection
device according to embodiment 9;
Fig. 13 is an overall layout diagram of a transparent liquid crystal
display element according tb embodiment 10;

15 Fig. 14 is an overall layout diagram of a liquid-crystal projection
device according to embodiment 11; and
Fig. 15 is an overall layout diagram of a liquid-crystal projection
device 'accordiﬁg to embodiment 12.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 Next, preferred embodiments of the present invention aredescribed
with reference to the drawings.
Embodiment ' 1
(Layout)
A liquid-crystal projection device according to the present

25 invention, as shown in Fig. 1, comprises a liquid crystal display
element la, projection lens 30 and frame 40.
Projection lens 30 is constituted such that an image emitted from
liquid crystal display element la is imaged on a screen 50. Although

only a single projection lens is shown in the Figure, this could

13



constituted _such that it is unaffected by deformation etc. due to the heat
eni ssi on By 7PM3BPA2WPystal display element la. Liquid 10 crystal display
el enent la, as shown'in Fig. 2, conprises an organic el ectrol um nescent

el ement 10 and transparent liquid crystal panel 20 and is constructed to
emt a nodul ated i mage. Organic el ectrol um nescent element 10 is

o nesceRt PayEraass St i AR ARho o BLepEey 4 nerlat

I 104 _and.refl ecti | ect | 1 t b 0.

T+ Anspar cRESCHSEPILY +1EBS el St 18 WAy Yo d HERAIAHa B 85 & )
I d_i Is LUt A ' bi [ It

'hi Cknoss cnempye, BagH ey’ e sndBE EhiLr8n LG, TEGURY! EFystal tRBLay)  ©

enough Techaplen?! 15! HBRALR 1€ 36! £BEmdd! bNkcEaEACS0 Yl not Lo be so thick

as to res n10ss optical transparency or excessive weight. The area

of this s . L. o . e
pm@ 1SR Y a8 d BEELYLA1E For! AeCoiiiSdaE g ehel drti

crysta Its area Is too |large, power is wasted in unused

i |1 um nat '19.'Qx1u3.51-c%9‘§ttaﬂep9@?éé@§6n fevite pnd £6tcshsdigeed sadhethat the
affected by 'l eakagé of light. |If the area is too small, sufficient

i |1 uni nat iopdt ildaghelementt apepsuttably tdrrgryeditdreateisnct Tbs matehbaliipi d
crystal panel, producing non-uniformty of the amount of |ight. Transparent
el ect r ode domstri thted suchnshat uitedsofinaffecbeddyy defompatdon eggt.i due to
transparency such as ITO (IndiumTin Oxide) _and that has electrical, |,
conduct i vithe heas femimstione byeddquidagrystad daspiay plemengodasodhidiif for
its%}‘/(_-i | mthickness to_be kept uniformduring mapufacture yet is not so, -

t hi tkl@s Fysdal displayedegendplacas shoyn +%n§y.° 15 i RedTE L€

o o A Imkaeant el eNeRs Li Rl LraRdpat LoD G0l o\ AY¥eat il s
20 and is constructed to emit a modulated image.
Organic electroluminescent element 10 is constituted of successive
layers: transparent electrode layer 101, blue luminescent layer
15 102, 'green' luminescent layer 103, red luminescent 1ayer 104 and
reflective électrode layer 105 on transparent substrate 100.
Transparent sﬁbstrate.IOO consists of optically transparent
material such as glass and is constituted of material of high
mechanical strength. I.ts thickness is adjusted so as not to be too
20 thih, in order to maintain enough mechanicél stréngth to act as
a light source, yet not to be so thick as to result in loss of optical
transparency or excessive weight. The area of this substrate is
preferably slightly larger than the area of liquid crystal'panel
20. If its area is too large, power is wasted in unused illumination
25 and the contrast of the projected image is adversely affected by
leakage of light. If the area is too small, sufficient illuminating
light is not supplied to the peripheral section of the liquid crystal
panel, producing non-uniformity of the amount of light.

Transparent electrode layer 101 is constituted of a material having

14



| ayeérs cantaini ngi organic nolecules that emt |light on application of an
el ect ri c&A2PMAESL28%e | uni nescent | ayer 102 is constituted 10 by organic
mol ecul es that enit light in the blue wavel ength region. Geen |uninescent
| ayer 103 is constituted by organic nolecules that emt |ight in the green
wavel ength region. Red |uminescent |ayer 104 is constituted by organic

nol ecul es that enmit light in the red vvaveleng,th regi an.

el ect r ol SRHEA e ATanspArensy sHgh a%i 1T § Aol %gh@xégéguf“,ﬁat Eggg BS be

enpl oyed | ami.nat.ed struct.ur.e consj st f. .a.,triphenyldi.am ne derjvative
whbse” pe St aamhInAl: ERBERRI EHg: nEFS S Ehifias®, 36 pidRyes S8/ Hat' Ve
1,2,4-tri, i vative; .Qregek ' I 03_t. em I ght
of green %‘zo?‘(%ﬁ?ﬁget o\eéjr rghgrfg‘yf%l se%g%%‘%ie% um%r?i %%%er%%&%&nﬁ%f%%e)
whose pe |ARSRE vel.enghh b bgut +52 a hger .

| um nescgtlr%é{e ayer lg%q:t \g%t %g% tgé It;ha'ﬁfi g nggggﬁgﬁr?ﬂt-ﬁéﬁé ﬁgy@gglcal
enpl oyed 3laH8gardAdy.) S (8-quinolinate) to which has been added red

| um nescent chronogénic naterial, whose peak | um nescence wavelength is

about 25 p16fd0 1HMinHRENtBgEr2 1929 graeac afedesbehti Ba§er V0b. an8réd-
1332-1334 (1996). Preferably the area of the |lum nescent |ayers is equal to

that of tlwninestEny Qiyed! A0Ur ade eaghr coRstlieatedeot! ecyanie thysrfilh i s
constituted conprising a netallic 15 | ayer that reflects |ight and has
el ectri cdlaysorsdaohtainyngggrissmolesut bs ndiatt emtiltal igisly omcappiecatbah ude
magnesi um silver alloys etc. Its filmthickness is adjusted such that the
film thi edhassekegtbicahifieddnedBlne flaminagceniedayer WM iisdeonstituted
weight. Its area is preferablé the sane as that of_transparent el ectrode:
| ayet010bY ?593nABIRILeqles Ehaki gritodiohkeln Sher bles wayedienaii regien.
applies Green luminescent layer 103 is constituted by organic molecules
that emit light in the gréen wavelength region. Red luminescent
layer 104 is constituted by drganic molecules that emit light in
the red wavelength region.

15 Asblueelectroluminescent layer 102 that emits 1ight of blue colour,
there may be employed a laminated structure consisting of a
triphenyldiamine derivative whose peak luminescence wavelength is
about 380 to 420 nm and a 1,2,4-triazole derivative; as green
luminescence layer 103 that emits light of green colour, there may

20 be employed aluminium tris (8-quinolilate) whose peak luminescence
wavelength is about 520 nm; and as the red luminescence layer 104
that emits light of red colour, there may be employed aluminium
tris (8-quinolinate) to which has been added red luminescent
chromogenic material, whose peak 1umin_escénce wavelength is about

25 600 nm. These materials are disclosed in Science, Vol. 267 pp.
1332-1334 (1996). |
Preferably the area of the luminescent layers is equal to that of

the transparent electrode layer.

Reflective electrode layer 105 is constituted comprising ametallic
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vol t'age bgiyegpopbiapsparent electrode |ayer 101 and reflecting el ectrode

| ayer 105 1s not shown in the drawing. 10 Transparent liquid crystal panel
20 is constituted conprising polarizing plates 201a, 201b, transparent
substrate 203 and liquid crystal |ayer 202. These constructional itens are
the sane as in a comonly known transparent liquid crystal panel. In this

Floure, | 8aedotnke Lagibbtal £1unEckss AL "ol iR dil Vhohicly 1Yy pr oV ded

15 on the ansparent substrate”and t Isplay clircuitry t plies

control skgambses D BAch AGERPE YHatCh8§IBOYAven {hETudd hayjriess uai-sGlividry
are not shown. Polarizing plates 20l1a and Z201b have the sane construction

and are camgbysueed.surts asilw tHRfGEds o Yad juited iswls PGt ithé Zilm
pol ari zation condition of the incident |ight. However, the direction of

pol ari zat thiickflesgccannbef maintiinéd om)ibdrm Heaut idges pestsiprpihden egiress

pol ari zing plate 201b is arranged to be offset by a fixed angle with
resped twefightdi rEed i amreafipgpeiazblon thearsame tasd thatowsh tEnspazient
plate 20l1a. This angle is set so 25 as to be equal to the angle of rotation
of the pl ahecbrogel hayexnt LBh.whereby liquid crystal |ayer 202 rotates the
pl ane of polarization of |ight incident thereon when no valtage is applied

to it. FololsHWpIHLEF fheadesayipton, theReWRTIRLERR CAEFRAtcERatARPIESAt al
or the like_is enployed; when volta e IS a I'i_e to.iL 'it d‘geg%f_lft )
rotate th¥°|3FéH8ngFt 8FRr FXaRSBATERY § ?‘a'éﬁgd?qu?r btPL iR SGeRE not
lied to it, | t at . pl | ari ' f incident light.
TP onspar chLetteReLtatess P8 1B 0P AhaREh £5 BBaPkne el cctrode s (not
howr Sl , I . ar : L ded
:ha T akAReadbhd, FSURIE, ckIUERYohiRe1 208, By LoECPLECUS  cbipRisthged

ookt POTaES ey dble 91EC 4 1B el tAt BebBela 4 20:Pind Liguic

crystal layer 202. These constructional items are the same as in
a commonly known transparent liquid crystal panel. In this Figure,
in order to facilitate understanding, the drive circuitry provided

15 onthetransparent substrate and thedisplay cii:cuitry that supplies
control signals to the transparent electrode, wiring and drive
.circuitry are not shown. | |
Polarizing plates 201la and 201b have the séme construction and are
constituted such as to transmit only light of a specified

20 polarization condition of the incident light. However, the
direction of polarization (direction of oscillation) of the light
passing through polarizing plate 201b is arranged to be offset by
a fixed angle with respect to the direction of polarization
transmitted through poiarizing plate 20la. This angle is set so

25 as to be equal to the angle of rotation of the plane of polarization
whereby liquid crystal' layer 202 rotates the plane of polarization
of light incident thereon when no voltage is applied to it. |
For liquid crystal layer 202, a known twisted nematic liquid crystal

or the like is employed; when voltage is applied to it it does not
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el ectr ol “5593?13?6&2 berrent 10 in response to change of voltage of 10 a
control srgnal supplred fromthe drive circuit. Preferably, organic

el ectrol um nescent elenent 10 is provided with a cooling nechani smthat
cools the organic el ectrolum nescent elenment. (Action) 15 Wen an
electrical field is applied to the electrolum nescent elenent, this

exhi bl S gheat AU HIHASAEHY o1 dfERa Bof l63CHAL fdbnt 1S ftl, PP RheR%dit fye

mat eri al produtes el ec M nescence, ctrol'um nescence

phenomenog gi Aok apgedaard Ghe ¢keebthtak ’léﬂérﬁittahé §PNYELALHz a0 6n ! bEht .

20 Convenfionally, as el ectiof um nescent el emehts, the Tnorganic materials -
ZnS, SrS, japgdent WegAtenpl oyed. However, with these inorganic materials,
the intensity of the light is weak, and the emtted light is not emtted in

paral | el lpwangpagentus@ssEhyes QO3 is iprovided withentranspaveht dlhwtrode
el ectrol um nescent el enent of the present invention, an organic material is

enpl oyd. (hbe ahown) of tligltiqadd tegsta: layet exide amdnasdeive ¢ixrdwitge
because of |ight emnm ssion dueto reconbination of electrons injected from

t he cat hode pnovjpdedtthat sl espablefdirivingethe delquidricarystadt Lonyaach 102
17 to 104 constitute |um nescent elenments using this organic material.
When vol t pd&els aBhei conpbrveeion risspichkthat epkivpl Rgdylapiomman be
reflective electrode | ayer 105, an electrical field is_generated )

cor r espon@chdeved: k¥ trRRSRALERRGSQT oROE HErARSPhREELRG  L13he  TL0M| aFrgaplc

' l'i ed |t ' h | um t |ay dw_ched t I d
hyer o TRISHREANIRIABRGEAC L SRoBEIP fiinF RBECEAE Tayaiansf oh FotFess of

oS U DERESASC oRRAT RUBBL A" sEAEY pBEcaRtlLcBEute, (o ol eotrical
Preferably, organic electroluminescent element 10 is provided with
a cooling mechanism that ébols the organic electroluminescent

' elemeni:.'
(Action)

15 When an electrical field is applied to the electroluminescent
element, this exhibits electroluminescence. When an electrical
field is applied to a material that produces electroluminescence,
the electroluminescence phenomenon is produced and the electrical
energy is converted into light.

20 Conventionally, as electroluminescent elements ,. the inorganic
‘materials 2ZnS, SrS, and CaS were employed. However, with these
inorganic materials, the intensity of the light is weak, and the
emitted light is not emitted in parallel but constitutes divergent
light. | |

25 In contrast, with the electroluminescent element of the preéent
invention, an organic material is employed. The amount of light
emitted due to eléctroluminescence is largé because of light
emission due to recombination of electrons injected from the cathode

and positive holes injected from the anode. Luminescent layers 102
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r.egi;’on_. The,Ln Jty of this light is correlated with the applied 10
vol t age. Qggéﬂgf{)]ir#‘ﬁéscent | ayer has an electrical field applied to it

whi ch depends on the filmthickness, so the |um nescence depends on the
intensity of the electrical field. If the areas of transparent el ectrode
| ayer 101, |um nescent |ayers 102 to 104 and reflective el ectrode Iayer 105

ach port P04 EohaY +1aﬂ€%é§*e%ﬁ%s%§y&%§?%’*%% BiRe 1S5 Brdrbikitrent "

'glniafcﬂg} {Jﬁﬁtﬁ]ésk ]ﬁ?'g%%erfre %ﬁgﬂh %éelséc% oure %tfro uarxer{:eslé)elnt |
| ayer 102,08 ééﬂel%ﬂaéyeéﬁ%ﬂa B2, mel%b It«_ggefifélv&&sﬂg%@&éé 20

emtted fromthe transparen ate. The green rom green

I um ”eSCGEBrké¥§6n&Qﬁgp€§5&§e tﬂl%&'ﬁl@ldﬁ%shuEf‘f”ﬁﬁéei‘t‘imiﬁé/@éerl’é’zla?{& and
transparent electrode™film 101 to be emtted fromthe transparent

subst rsat ethéhsppweal G@ltégénlﬁ esadh M WRErest ety Edyehd b diafsishdd it dwo
green | um nescent | ayer bl ue | um nescent 25 Jlayer 102 and transparent

el ectr odeefleburdé 14yd¥s £nirheasr gamie mod ecudespaf erichsLbtninaseent flayer
filmthicknesses etc. of the lum nescent |ayers are adjusted such that the
same anouekhdbititjie ebectzohupineacgnce phendmensm vhen theyrareeubjeced ent
substrate, white light is obtained by equal sunmation of the prinmary
colours. to phisekpgctrigal ifdedidsandngenerate drivghicin| anfh%%@quleﬁ;gth n

t he opposite direction to the liquid crystal, panel,_this I Is refl.ected
by refl ecEtPA&OBrecThedatiensdty1of this 1ialt dsicorratated %Htt‘?y%ﬁ isthnel

:Zﬁyef’lqg‘éi‘réiﬂééﬁéhy %ctt?lﬁéa'xh # é%‘q%;tl'q%érﬁ%%é??ﬂyéiﬁv-”ﬁiééfh%m“ﬁ%ﬁa{pep 1
d

Lo out st a0t A epFBnaenendp, aR.EhsotLH BhreRARKr S0, thf GhaREhdscaRl ®

S u@eBgﬁﬁgnén eém;itteﬁﬁi%gpéafyﬂfé electrical field. If the areas of

transparent electrode layer 101, luminescent layers 102 to 104 and
reflective electrode layer 105 are made practically equal, the
15 intensities of the electrical fields in each portion of the
luminescent layers are practically uniform. That is, uniformlight
is emitted fromthe entire surface of the organic electroluminescent
element. The blue-coloured light from blue luminescent layer 102
passes directly through transparent electrode layer 101 and is
20 emiti_:ed from the transparent substrate. The green light from green
luminescent layer 103 passes through blue luminescent layer 102
and transparent electrode film 101 to be emitted from the
transparent substrate. The red light from red luminescent layer
104 passes through green luminescent layer 103, blue luminescent
25 1layer 102 and transparent electrode film 101 to be emitted from
the transparent substrate. If the film thicknesses etc. of the
luminescent layers are adjusted such that the same amount of light
of each primary colour is emitted from the transparent substrate,

white light is obtained by equal. summation of the primary colours.
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10 *in t'he prese i nvention is well adapted as a |ight source for a
li qui d-cr%?gg\ﬂ%qg#%%t I on device, since i !to has the chgr acteristic

advant ages of ability to be driven at | ow voltage and hi gher brightness
than the inorganic el ectrol um nescent el enents. that were conventionally
enpl oyed as a flat plate-shaped |ight source. 15 At liquid crystal panel

E%’vi ﬁfgvéh&'sfé%gfjf%%& 2?3%8?%1?%%% R EeE t}ﬁ%iﬂ%ﬁﬁ‘-ﬁéﬁalr#’%%gi'dpféﬁ%e
vii nd%of T o B0 ar 1% .
transpar cPPRTH b dpesthion 48 téliz‘%pi.%&gbépf’? A %fe'ﬁé’tﬁ'eﬁﬁgaﬁlsl ey 3
bet veen | FELteSEEY ettt clecrnBaR Raydt 103 o e Rinmear cRars

regi on of ythi $qPE¥estai CpghbPNeg. i n the direction of the electrical field.
Consequen%' @i,’i?n tge cagg o? 25 a pixel that has voltage applied to it,

rotatipn ghnkbguehelg, Ahd 2k ght2Hd 100 si FetWWiné® EHricadré Pl éoEing vl ddtgivde and
such 1 ght reacChes pofar|2|ng pl ate 201b on the opposite side. However, the
di recti on1g{epol 68 iizAhiddad to Wle L ighgnshassiodirectdysenittedr ficgh each

pol ari zing plate 201b is offset fromthat of polarizing plate 20la, 19

so the intungénestepgbtlapmotresaisingrimgin potaeasedamputte oZ0LbghObeing

ot her hand, if control voltage is not applied to the drive circuit, voltage
i s not apphittieBetocentshdectransparenbisubstpake|180.in question. In the

case of a pixel to which voltage is_not applied, the Ii%id crystal
*BF 3 MIRYA¥Ed 5o

mol ecul esIPrPRREECHIRE! IR AXGRNHCe SAPLEROd URADERE SRS, PLENRER] .
5 g Hh2 Bratey of RoLarl 2200 13, anplhed L LN bR S5ptel AN o
;géat |hI02 ﬁgﬁlggﬁgggggagfprlgj gt':fgr; %iaetvii%ré,i glggglite %atsotﬁgecﬂa{ﬂ&?é}.liéﬂi@t '
advantages of ability to be driven at low voltage and higher
brightness than the inorganic electroluminescent elements that
were conventionally employed as a flat plate-shaped light source.
15
At liquid crystal panel 20, of the light from organic
electroluminescent element 10, only light having a specified plane
of polarization passes through polarizing plate 20la. When a
control signal is supplied to the control circuit formed on
20 transparent substrate 203, voltage is applied between the
transparent electrodes of the pixel in question. In a pixel that
haé voltage applied between its transparent electrodes, the 1iqu.id
crystal molecules in the region of this pixel are aligned in the _
direction of the 'electr_ical field. Consequently, in the case of
25 a pixel that has voltage applied to ii:, rotation of the plane 6;’
polarization is not applied to incident light, and such light
reaches polari.z:'i.ng plate 201b on the opposite side. However, the
direction of polarization in which transmission is possible through

polarizing plate 201b is offset from that of polarizing plate 201a,
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reaches pol arizing plate 201b on the opposite side. Polarizing plate 201b
i's arrang§a78M$E@?2W@on1polarizing pl ate 20la by the angle of rotation of
the plane of polarization that is applied to.this incident light, so the
i ncident |ight passes through polarizing 15 plate 201b and reaches screen
50 through projection lens 30. In this way, display/non-display can be set

up for each €$xe[ by means  of a control signal. The |iquid crystal djsplay
el enent i 8of bheptnetdentLighft camnat, RagFethEUghsRoar +310d i Rlase dUdmal |
and can be driven by a drive voltage 20 of about 10 volts. In order to
obtain a construction in which a colour imge can be projected on to a

panel . 528'&3%&'5%{%% el o Soneohr vEHERdE th o, Abriild faitHE | Rive
By CBuERS L TR AR _ NEL
Emhoa menf Lt Cuab | e {HIE ARG, Aepdd e PEFreed TREc PROGRDE RS el 2

so th t | dewvl c. LN ' : 1t 8l ' |
ol cct ol ukriieR ey i ene BAsRoE R Akl koThich PoLCALET: hOR g,
crystal papgl 3 igulibhosids L L0l Phidepike1Ca8ghenPasyi aPTlghed Wi ch
a bright ?ﬁ%g%llag&gb?g ?\géyﬁ%aéin%%?éni%d %hl%engc]fdi ment g2 gf t he pirigesent

i nvent i on tReONSHESoREa D didict iDn 656 Gid A I 0FCENE pllagieeof pblarivativd e
light is obtained by |um nescent |ayers different fromthose of enbodi nent

1. (Constigctapbpllied ltogthe- dhydtehtpldghtti cConkequentlgrorih nthe ccase of
embodi ment 2 has the same construction (see Fig. 1) as enbodinent 1
descri bed pilzels, tdOwhichproltage!isjuiat @ppdtisld diropagyionl efiehhe| plame fef s

erﬁliO " polarization is applied to the incident iight, and this therefore
| reaches polarizing plate.201b on the opposite side. Polarizing
plate 201b is arranged offset from polarizing plate Zo;a by the
angle of rotation of the plane of polarization that is applied to
thisincidentlight,sothéincident1ightpassesthroughpolarizing
15 plate 201b.and reaches screen 50 through projection lens 30.
In this way, display/non-display can'bé set up for each pixel by
means of a control signal.
The 1liquid crystal display element is formed of a size of for example
about 33 mm (1.3 inch) diagonal, and can be driven by a drive voltage
20 of about 10 volts.
In order to obtain a construction in which a colour image can be
~ projected on to a screen, colour filters are formed in the pixels
-of the liguid crystal panél. By such a construction, colour can
be generated when white light passes through the liquid crystal
25 panel.
As described above, with this embodiment 1 » No large reflector needs
to be employed for the light source, so that the display device
can be miniaturised.

Also, since the'organic electroluminescent element supplies bright
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enbodl nerig m as shown in Fig. 3, it conprises an organic

el ectrol um nescen ement 11. The construction of liquid crystal panel 20
is identical with that of the first enbodi nent so a description thereof is
omtted. 15 "Organic el ectrolum nescent elenent 11 is constituted by

| am nating a transparent el ectrode |ayer 11li, white | um nescent |ayer 112

T anspar e 980 AL gl U DAt ; N PRIEHH- SRS o ton
terggg;)g'rsg\?‘h éerc'ft%r}(&;??éeﬁdit %il 0‘?%,,}{ bodi rre]g]%l#& tﬂ%‘feﬁs S%tr?d"}ﬁde‘ct rode

layer 113(g@bddEnSeTe2 ps ref | ecting el ectrode | ayer 105 of enbodi nent 1,
respectively, so description thereof is omtted. Depiction of the power

source CiEmbbdihért PR i1k (Rt Hatvaa dhe xtdﬁ'?i%@ra‘?ﬂtot?a‘?ﬁté ode I ayer

and reflecting electrode layer is 25 omtted just as In ase of

embod5engl dot B4 vnti NG SRS C@l@mérﬁi’@ihéﬂe%&) WHL O 'IGYHC itah 'db‘tfdlr@d PxET
whi ch, when an electrical field is applied to it, emts light of a

pl ural i t ylukinesemndldyeryidiffersnt Miomititosd iqghtenbodmerited f r om t he

| ayer as a whole. An exanple that may be given of an organic thin film21
that em t&Cﬁmﬁt@CW@n) in response to application of an electrical field.is
athin filmin which there is a nolecul ar dispersion of a | ow nol ecul ar

el ect r on & AekBpsan¥s tednpsojeciienadpyicel acgond ind ronmpboidimente 2i hhs
constituti.,n %écentres of |lum nescence in 5 poly(Nvi nyI car bazol e) vinyl.

Such a | Jih&ameforstruction (see ?%gdllécﬂ%@@qqm beimpoyiked aboves

Vol .87 No. 1 81-2 83 1995) Actio V\hen voltage is applied

bet Vi gn (FRERR) r@fﬁtéz f&’ ehemend L didd e e | ayer

113, an eérﬂ%cfin?éﬂt ] ihdthgtgeapse "HSh in Fig. 3, it comprises an organic
electroluminescent element 11. The construction of liquid crystal
panel 20 is identical with that of the first embodiment so a
description thereof is omitted.

15 Organic electroluminescent element 11 is conétituted by laminating
a transparent electrode layer 111, white luminescent layer 112 and
reflecting electrode layer 113 on to transpérent substrate 110.

Transparent substrate 110 is the same as transparent substrate
100 of embodiment 1, transparent electrode layer 111 is the same

20 as transparent electrode layer 101 of embodiment 1, and reflecting
electrode layei' 113 is the same as reflectiné electrode layer 105 -
of embodiment 1, respectively + 8O description thereof is omitted.

Depiction of the power source circuit for applying voltage between
the transparent electrode layer and reflecting electrode layer is

25 omitted just as in the case of embodiment 1. '

White luminescent layer 112 is an organic thin-film layer which,
when an electrical field is applied to it, emits light of a plurality
of wavelength regions, so that white light is emitted from the layer

as a whole. An example that may be given of an organic thin film

21



'lcorrespons 933%§ %he filmthickness of this white |um nescent |ayer and the
val ue of S¢H r y&e. White lum nescent film 112 emts sinul taneously
light of a plurality of primary col our wavel ength regions in response to
the intensity of this electrical field; the 15 light of this plurality of
wavel engt h regi ons |s sumed and en1tted fromthe transparent Substrate.

not et hiat Snt EE el eaﬁ‘éh é@%ﬁw s dlﬁﬁ%ﬁ‘% Bga fyeh %ak.échsrr%‘%hd e
ESPELE: U R818Y 18" AR £t Wil et 3 (S 1o Tt Disidiian e &
Phoh ae BLodBdEaaeiy el FHERBLECtThY congbiill %‘ﬁﬁ‘% BIREARE R P
gener at e@%bﬂ.ogeaae' matkfghig! EHhQEiEﬁe&ngl egggieél ufﬁﬁﬂégcéﬁéé? g

possi bl e rovi e a cool 1 ng nechani coo e organrc

el ectgol pmwme&hﬁl &8FBazote) dasHN beguéﬁoé/‘Q.uan@%c@mOﬂiﬂﬁrEtﬂuctﬂulé‘r ge

reflector IS not . enployed i spl ay device can be mniaturised. Also,

since a aemsﬁldgecgmhgwlqédethysﬂ&% Ledtels VOIPP6 T .t D6 | bp.2281-ddgpi d

crystal panel, a liquid-crystal projection device can be provided whereby a
bright i.gag@@959an be obtai ned. (Enbodi nent 3) Enbodi nent 3 of the present

i nvention relates to an organi.c 5 el ectrol um nescent el ement whose

di recti orfakcitigni)n the direction normal to the light-emtting face is strong
due to an optical resonant structure and whereby |ight of specified
mavelengﬁhensveﬁtﬁgédls(ésnétﬁdcb?ﬁﬁ?enotr¢n$Pan$@tc¢@%ﬁ%¢0$;cﬁiﬂﬂﬂ(iil
dqy/ce accordlqg t o, enbodi ment 3 has ) . .

10 andreflectingelectrode layer 113, anelectrical field is generated
corresponding to the £ilm thickness of this white luminescent layer "
and the value of this voltage. White luminescent £ilm 112 emits
simultaneously light of a plurality of primary colour wavelength
regions in response to the intensity of this electrical field; the

15 1light of this plurality of wavelength regions is summed and emitted
from the transparent substrate. White light is therefore supplied
to liquid crystal panel 20.

It should be noted that, although in this embodiment, a luminescent
layer was constituted by an organic thin film emitting white light

20 such that a colour image could also be projected, it would
alternatively be possible to provide as luminescent layer an organic
thin_film.emitting a single colour such as green, red or blue. In
this case, an image of this single'colour is generated.

In organic electroluminescent element 11, it would also be possible

25 to provide a cooling mechanism for cooling the organic

- electroluminescent element.
As described above, with embodiment 1, a large reflector is not

employed, so the display device can be miniaturised.

Also, since a beam of bright parallel light can be supplied to the
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t he sane’ t as enbodinment 1 (see Fig. 1) except for liquid
crystal display elenent 1c. As shown in Fig. 4, liquid crystal display
el enent 1c conprises an organi c el ectrol um nescent elenent 12 and a
transparent liquid crystal panel 20. Liquid crystal panel 15 20 is
identical with that of enbodinent 1, so further description is omtted.

cont st bR e Bt TR Tiatdd 5588aY; pbTPeRloR aRIee Can ! ®

consi sting e tric mrror layer

spaci ng yhdieldEN vl ebely W hridHy AReRA @3 2o obhaghkade |ayer 123, a

positive "hol e transport | ayer 4, a I'um nescent |ayer 125, and reflecting
el ect r ode BpibRIimedft: 3y ansparent substrate 120 is the same as transparent
substrate 100 of enbodi nent 1, transparent el ectrode |ayer 123 is the sane

as transmEibsdinRiacty ede dhay prebdhtofintidnrdionerelhtedndor ahl eggangc25

el ectrode | ayer 126 is the same as reflecting el ectrode | ayer 105 of
enbodbnemdlectradapeirtescsEnt, edenentt Whosdadireqit iamal sty the. dinettisni n
enbodi ment 1, depiction of the power source circuitry for applying voltage
bet ween trrmalartsp dhentl igghdetemida: iingy diacend sr sftirong dyeciteocamnodptiapdr is
omtted. 23 Dielectric mrror layer 121 is provided with a dielectric
mul ti - | aye@sanany &frucruyshand whereby flagbti of apegifiipd wavedength is
Specifically, thanks to this nulti-layer filmstructure, dielectric mrror
layer 12®@Mitt&drstructed so as to transnit part 5 of the incident |ight and
to reflect the remai nder. As such a dielectric, a stacked-I|ayer
construct‘ictﬂ{’sgfrq%l"ékarrpl e Ti2 (titaniumoxide) and Si @2 (silicon oxide)

e85, T b TR B RS e O BB RS b S0
fil s ar e EERE b A A P SR UM mee § (e FE§OY E&cept for liquid
| crystal display element lc. As shown in Fig. 4, liquid crystal
display element 1c comprises an organic electroluminescent element
12 and a transparent liquid crystal panel 20. Liqu.id crystal panel
15 20 is identical with that of embodiment 1, so further description
is omitted.
Organic electroluminescent element 12 is constituted by successive
layers consisting of a transparent substrate 120, a dielectric
mirror layer 121, a spacing adjustment layer 122, a transparent
20 electrode layer 123, a posii:ive_ hqle transport léyer 124, a
luminescent layer 125, and reflecting electrode layer 126.
Transparent substrate 120 is the same as transparent substrate 100
of embodiment 1, ﬁransparent electrode layer 123 is the same as
transparent electrode layer 101 of embodiment 1, and reflecting
25 electrode_layer'126 is the saﬁe as reflecting electrode layer 165
of embodiment 1, respectively, so further description is omitted.
Just as in embodiment 1, depiction of the power source circuitry
for applying voltage between the transparent electrode layer and

reflecting electrode layer is omitted.
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mavelengt about half of the incident light is reflected and the
rest is tgézgﬁ?¥PTg&oAn optical resonator is constituted by the dielectric
mul ti-layer filmand reflecting el ectrode. Spacing adjustnent |ayer 122 is
provided in order to adjust the 15 di stance between dielectric mrror |ayer
121 and reflecting el ectrode |ayer 126, and is constituted of a transparent

di el oot 11 65 L0 AL SV AR, SEOLSRCL. 184 S0 Lot ed fith W Sfeps s 00T tive

hol e transpor ayer um nescent ayer are se as to

satisfy thayfel %Qﬁ?%osffﬂn%ﬁfiﬁ' 88astibhte p@&'f?ﬂxc%%ldiﬁhgeathéff’ﬁﬁr%%

could be omtte Itrv l'e transport layer 124 1s a |layer for

transporti §ge@PEiEaY By NOtRENk® L&' MENES GRAILt1LVAferd 261 MG MRS dre/e hol es
are injected fromthe anode constituted by transparent el ectrode Iayer 101,

and consi gie1betresafibtopllaydr ilRheny | omt PecEed iscahisveo Phansikigaart
constituted by spacing adjustnment |ayer 122 is adjusted such that the

optice dbs%teheeintidentelight androo refkect’?thandemaihderi n@islsamthr ade

| ayer 126 satisfies the condition of being an integral multiple of half
wavel engt ﬁseéﬁci'-ﬁécpeakvabﬁénéﬂlﬁeéfc?h% rn@tatorén?f-téqrf?m%?s Hgani c
el ectrol um nescent el e der to phtain thg desi ol our of
em tted | (§Ataniye Bﬁéﬁﬁﬂcagﬂe§%9bl&ﬁ%%égeﬁn?xé e ey | ke ghR ?ﬂ% ed by
adjusting the material of |um nescent K 125 and _the resgnator |ength of
t he resonB?EﬁréﬂﬂﬂchFeflkﬂrté%ﬁhﬁﬁésrtB eoRurbert ef astagked stavers ofyer

B A LB, St b
natohd batd TRa ARgs AeFeERLhER, ThoFoRErRRORAERne  LoFh ERE, Sorbfalod peak
wavel engt i .0L) afdeAMsybh L dbbut A dfe b t%d}.ﬁhfﬁerﬁp 1'1'6’1’19:6‘535 l:l’f‘t-:flected_

construct &4,
and the rest is transmitted. An optical resonator is constituted

by the dielectric mﬁlti—layer film and reflecting electrode.
Spacing adjustment layer 122 is provided in order to adjust the
15 distance between dielectric mirror layer 121 and reflecting
electrode layer 126, and is constituted of a transparent dielectric
film such as Sio0,.
Also, if the film thickness of positive hole transport layer 124
and luminescent layer 125 are set such as to satisfy the following
20 conditions, this spacing adjustment layer 122 could be omitted.
Positive hole transport layer 124 is a iayer for transporting
positive holes to luminescent layer 125 when positive holés are
injected from the anode constituted by transparent electrode layer
101, and consists for example of a triphehyldiamine derivative.
.25 The gap constituted by spacing adjustment layer 122 is adjusted
such that the optical distance of dielectric mirror layer 121 and |
reflecting electrode layer 126 satisfies the condition of being
an integral multiple of hélf_wavelengths of the peak wavelength

of the 1light emitted from this organic electroluminescent element.
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To construct a_|lum nescent |ayer 125 that emts light in the red region, a
| uni nesceB?7PUIRP1IZMY be constituted using a material in which a red

fl uorescence chronogenic material is dispersed in alumniumtris
(8-quinaolilate) and/or. a europium (Eu) conplex. In 15 this case, a peak
wavel engt h of about 610 nm may be obtained. A |um nescent |ayer containing
a europium conplex is disclosed in Japanese Jour nal oflﬁgglied Physi cg Vol .

e L o L e ot e 1

suey e sty iy i iSe il de skt

Butsur \n)f?geéé (t%._lwe%ffaa?& Yors @?}5%&}‘1 k%?ﬂaérgfgrie § B3 of che
e o§5?8¥ Jela¥EhrS Sﬁc{#’%‘ﬁ{ﬁ]}%ﬁ V\a:ulélmg%g:l%%ﬁ'ﬁlte ¥eh

ktive
hol e transpor ayer was enpl oye térnati vel 3""3‘@%@%@% e

to e oy V&t s ci| ' t Al L i ol e
{0 o) oY1 By Sk AP ARG CONAUMCLAAROL LU SRFESH of RS0 dER LR
provi de. a; §0gbhSHraBEEAMSTh Na OhAEEH fa Bl AsdH AdINA NaRDeiim &l e g 12 in
order to cool the organic 25 el ectrol um nescent el ement. Furthernore,

separate gueHb:iDatef.a Ifr thek ddwd, hhViginic e188troiunifeseamt eddment
wavel engt h and absorbs |ight of unrequired wavel engths on the em ssion side

of |ight thathembtgaight® wiltdrtar ahrrowebandt lmhinestenCe i spetstsrumbilre the
(Action) An organic electrolumnescent el enent according to the present
i nvent i ongeeengegigm, provhding aqeakvavehgngthpfiféo nmiwigth &dadfi-vadue
irg o&g}nicg“ggigcéf :GL(()) mv%ggnabgrgggééltﬂ)fgtggltage (for exanple abqut 10 volt)
To construct a lumineécenﬁ layer 125 that emits light in the red
region, a luminescent layer may be constituted using a material
in which a red fluorescence chromernic matérial is dispersed in
alumihimn tris _(S-quinolilate) and/or a europium (Eu) complex. In
-15 this case, a peak wavele_ngth of about 610 nm may be obtained. A
luminescent layer containing a europium complex is disclosed in
Japanese Journal of Applied Physics Vol. 34 pp. 1883-1887.
To construct a luminescent layer 125 that emits 1ight in the blue
region, a luminescent layer may be constituted using a material
20 suchasadistyrilebiphenyl derivative. A technique of constituting
a luminescent 1ayef of a distyrile biphenyl derivative is disclosed
in Oyo Butsuri Vol. 62, (No. 10), pp. 1016-1018 (1993).
Although in this embodiment a stacked-layer construction of
) luminéscent'layers. and positive hole transport layer was employed,
25 it would alternatively.be possible to employ a stacked-layer
construction of luminescent layers, positive hole transport layer
.and electron transport layér.

Also, it is desirable to provide a cooling mechanism in organic

electroluminescent element 12 in order to cool the organic
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bet ween transparent el ectrode |layer 122 and reflecting el ectrode |ayer 126,
an elect§?39ﬁsgpézﬁg generated between the two el ectrode |ayers, and |ight
is emtted from!|um nescent |ayer 125 in accordance with the intensity of
this electric field. Some of this 15 |ightpassesthroughdielectric mrror
| ayer 121 while the remainder is reflected. The reflected Iight is again

reflected_by reflecting electrode l'ayer 126 and reaches dielectric mrror
| ayer 128legtrglumdpescent; plemepsyer 121, again sonme of the light is

t itted ile th t flected, h flecti f the |ight
20" bet vEBH EREOTAICEPPREALE PERVASION of dotrlcon FROF FERRPmADY ThGRt -

fl ' de | i ' d d,wh s Kk i cal
igsoﬁéhtn%ii Sonetinase Frystapatnghn o 8?ﬁ§2ré§sﬁ§t%ﬁgu$$§€9f%§ ends on
&% £ ISFeDErBngt 8P Phe" ds on
ol cot rondaveyERate” B KHE Ra SIS, RifielbE T1ohEYOE LEE BRERRERLIT) onor

bel nds an g18edbduninksc@nt @1ehBRt3y! 18auebepghReo! the emtted 11ght,

optical resonance 1s generate nsequently, since, of the wavel engths
cont ai neqactibng |ight that is emtted fromlumnnescent |ayer 125, |ight
t hat does not satisfy 26 this condition is suppressed, only |ight that

sati sfi eant begandteeRctedidminescbhenepanent hbcoy@hingi ebethéi prasener
| ayer 121 and is emtted. Consequently, the wavel ength band of the

| um nescdnventdent embtiss 1dghtooEr speedfiiedt taveliongthehy deitisbrg the
above. That is, lum nescence occurs with a specific colour. This resonance
ef f ect i optiicallogegonanget efifect.Appl i ed Physics Letters, Vol. 68, (No.
19) E.l to 3-(1996), Applied Physics Letters, Vol. 65, (No. 15), p..
186814 37¥henggspresarihed| veltage c( for exanplsh abowtudlcuelibh BvAardlied

Techni cal Research Reports (Denshi- Joho 10 _Tsushin Gakkai , G jutsu Kenkyu
- Hokoku) éﬁﬁw§§p7§r§p§papp§5,electrode layer 122 and reflecting electrode

layer 126, an electfic field is generated between the two electro_de
layers, and light is emitted from luminescent layer 125 in
accordance with the intensit.y of this electric field. Some of this

15 lightpassesthroughdielecfricndrrorlayer121whiletheremainder
is reflected. The reflected light is again reflected by reflecting
electrode layer 126 and reaches dielectric mirror layer 121. At
dielectric mirror layer 121, again some of the light is transmittéd
while the rest is feflected, so as the reflection of the light

20 between the reflecting surface of dielectric mirror layer 121 and
reflectihg electrode layer 126 is repeated, and what is known as
optical resonance is generated. _
The wavelength of the resonating light depends on the optical
distance between dielectric mirror layer 121 and reflecting

25 electrode laYér 126. If this optical distance satisfies the
condition of being an intégral multiple of the half wavelenéth of
the emitted light, optical resonance is generated.
Consequently, since, of the wavelengths contained in the light that

is emitted from luminescent layer 125, light that does not satisfy
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techni-cal i?ﬁﬁ@fivﬂ? concerning raising the directionality in the
front-side direction of an organic el ectrolum nescent elenent is contained
in articles in Applied Physics Letters Vol. 63, (No. 15), p. 2023-2034 etc.
15 Wth enbodi nrent 3 as descri bed above, an organic el ectrol um nescent

el ement that has strong directionality of the emitted light in the nornmal

directi ore\i)tgl{g[ %ﬂﬁ%ﬁ!isegdﬁ%esge&?%n regr]{ggltglt cttgf)l l{émﬁ sceq: el enent

and wher t emssion c e restric el th can

a ! . : _ ! ave _
T d oyttt iordd Mbrgtis SorP Pabhes, Hhiront BETRER 3% BirPbr TRIEE  han
convent i orel |3nd A emSieks. t BBnSkgaBhe1 Lee&éowf;bﬁzaﬁgem b§h8"5 tti{n%ri g

brighter than a conventional electrolumhescent elenen by ‘nanut ac
such 25 Hhimirmedcerdas speetir@mPhs haveoer"Bian Go €Hé %Mdjﬁr@dwaeggfﬂaéa’

and conbining their images, a bright colour inmge can be displ ayed.

(Embodi matiov. Efhadi ieptluhitiesidence’ 68€ats iwitihi $ihed £f B¢ o1bdran PHYENI C
27 el ectrol um nescent el ement enploying a polarization conversion

el erent . YessmanageffeytAs digscliosegsimiepan] cat Appl ded iRty AOLEL DOrs O
enbodi ment 4 has 5 practically the sane construction as enbodi nent 1
descri bedQlbo®d /({¥e-F18) . B-laper 8 (1296) i AppL ed Hhyls idiss petyeesenenl , 1d.
As shown jn Fig. 5 and Fig. 6, liquid crystal display element 1d conprises
an or gani-éei'el or Ui rPesg@ﬁts‘élse?gerﬁtw?i) pafainzBleehrenicecinformat tomnt

oi cot rol GABEHART AT, NARLCEY (Lol Lend S#%62EGhs FeROErSn (Renshl: Aehease of
e”@%”_er?tts&tﬁrhdéarm%pﬁiejrﬁ slui ?("éin?(y%r & %lkugag% %%—-.79 etc. Also,
teéhnical information concerning raising the directionality in the
front-side direction of an organic electroiuminescent element is
contained in articles in Applied Physics Letters Vol. 63, (No. 15),
p. 2023-2034 etc. |
15 With embddiment 3 as described above, an organic electroluminesceht
element that has strong directionality of the emitﬁed light in the
normal direction (front-side direction) of the organic
electroluminescent element and whereby light emission can be
restricted to a specified wavelength can be provided without using
20 a bulky light source such as a reflector; a liquid-crystal
.projection device can therefore be made of smaller size than
conventionally.
Also, since the organic electroluminescent element is brighter than
a conventional electroluminescent element, by manufacfuring such
25 elements for the respective primary colours for colour display,

and combining their images, a bright colour image can be displayed.

(Embodiment 4)

Embodiment 4 of the present invention relates to an organic
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i.s of the sane construction as in enbodiment 1, further description thereof
is omtteR7IMIBOLAIFQA be noted that organic el ectrolum nescent el enent 11
of 15 this enbodiment could be directly substituted by organic

el ectrol um nescent el enent 10 described in enbodi ment 1 or organic

el ectrol um nescent el enment 12 described in enbodinent 3. Al so, in these
Figures, in order to nake the Figures easier to view, organic

el ect r ol iederbreinnineseent ldl emperitaremic ydmg @n\perlsimire at{i ore lceiwir sidnand
transparent liquid crystal panel 20 are shown as being separated by a | arge
spati al BLe = In fact, in order to supply light from el ectrol um nescent
element 11 to the ljquid crystal panel in an efficient manner, these may be
arranged %Eﬁ%ﬁﬁﬁﬂ e other wi t hout mutual ly intervening space or the gap

between 25 _these elenments ngy be filled with trapnsparent materi al
Pol ari zat &*%ﬁﬁ&@ 5h? Pé'ﬁ’éﬁFti-anﬂ?VBEec%?%‘?F%@%d%@W@Mﬁ?tﬂ‘iqh%ter

i U A o Lt LR
cryotal TEig bk Rk 0L AT AN RPN SR RALY 0L
aT T A € S e A SpgFtabio™

rotating in the opposite f1on rectio

t ransm t tffl or gEAA cCCOTWEREST\GRI h &b SSHE 1RineR: 1f' : tfl%%bﬁ@gféigﬂt of

di rection of rot ation capable of being transmt esteric
crystal |lelyment323i snd alemspa ﬂerﬁhllgand&y@ﬁﬂubahbx :m).l alg j4Re bi: Qﬁéy

while circularly polarized I'ight of direction 10 such as is refleCte
wi t hdQt  beient nalamsimesiost snemem 44 lief bfh&hdegamer eohatkiicpobar 4 egn
llght o the case of embodiment 2 and transparent liquid crystal panel 20
~is of the same construction as in embodiment 1, further description
thereof is omitted.
It should be noted that organic electroluminescent element 11 of
15 this embodiment could be directly substituted by organic
electroluminescent element 10 described in embodiment 1 or organic
electroluminescent element 12 described in embodiment 3.
Also, in these Figures, in order to make the Figures easier to view,
\_ organic electroluminescent element 11, polarization conversion
20 element 13 and transparent liquid crystal panel 20 are shown as
being separated by a large épatial distance. In fact, in order to
supply light from electroluminescent element 11 to the liquid
crystal panel in an efficient manner, these may be arranged adjacent
each other without mutually intervéning space or the gap between
25 these elements may be filled with transparent material.
Polarization convéréion element 13 méy be constructed comprising
a quarter wavelength film 131 and cholesteric liquid crystal layer

132.

Cholesteric liquid crystal layer 132 is constituted of cholesteric
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Quarter- W M 131 has an optic axis 133 parallel to the plane of
t he dramrﬁgggﬁggpgzggnstituted with optical anisotropy such that it
converts circularly polarized light to linearly 15 polarized light. This
optic axis 133 is arranged to be parallel to one side of the rectangul ar
external shape of polarization conversion elenment 13. (Action) The |ight

' df ' ( I ' 1L is.20 | Ligh
whose di r BARPS PEM EAR et HAKSENAT) i TRANE e BiFece®fiihcrn WHE
hose di r€ctron o o (1 _ afof?

ol ar1 soce L ohL S ApRORr L 188 G qiylof ATHREREL 1O B ket ClisREt o

di rect i ongigh@ HeeLEE41 A8 reet3BalSSLRE b‘ﬁo!l%%‘tie@iﬁréc‘% td Y §5 z%ﬁ'ecg‘.%d RS

the circularly polarized Iight that is incident on ol esteric’liqu

crystal Iahereé.B2¢iréﬂ_m&rb9n§_6ﬂaﬁi£é&|Bic{;ﬂtpﬁéﬁéfi' LRPRE SPpdditan be
transmtted through this Iitquid crystal Tayer 132. arter-wavel ength film

131 cdnvedisechionebd thikthébhidel direct bohyipotesngmitte@ht Forto linearly
pol ari zed light 134a 29 oscillating in the direction that nakes an angle
of 45[ errfonvenhienepein descniptide, ofitd¢wlanlyrpokat tagdl biglshape of

pol ari zati on conversion elenent 13 before outputting it. In contrast, the

| ef t - hand@drerEéon0f yofatdonzcapabip e being trafsmitteddedhol dstieric
liquid cristaL | ayer and_agai n_returned to organi c el ectrol um nescent

el enent 1119Rad CRYPERY tayen| h32yipotaken cas colghtradanded tdircukarky ur ned

to organic _electrolumnescent element 11 is reflected by reflecting
el ect rodep?gﬁﬁ?'z?‘g@:l%ﬁ""'hﬂht’:ti‘Eﬂ-’é‘Fql;Fw Polagd zedghight efrixecsdon

R 2 B Bt PRt s GEbSR: Yol Rt Rl 8l i =
left-handed circularly polarized light L-.
Quarter-wavelength film 131 has an optic axis 133 parailel to the
plane of the drawing and is constituted with optical anisotropy
such that it converts circulariy polarized light to linearly

15 polarized light. This optic axis 133 is arranged to be parallel
to one side of the rectangular external shape of polarization
conversion element 13.

(Action)
The light emitted from organic eleétroluminescent element 11 is

_20 natural light whose direction of oscillation (polarization
direction) is random, and includes a clockwise polarized light

- component L+ and an anticlockwise polarized light component IL-.
Circularly polarized.components in these two directions are
ingident on to cholesteric liquid crystal layer 132.

25 Of the circularly polarized light that is incident on cholesteric
liquid crystal layer 132, fight-handed circularly polarized
component L+ can be transmitted -through this liquid crystal layer
132. Quarter-wavelength film 131 converts incident right-handed

circularly polarized light into linearly polarized light 134a
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circularl | ari zed conmponent L+.  Ri ght-handed circul arl ol ari zed
conponentgeggygpgéEWR iHBut to polarigation conver si on elgngnt 13. Since
the direction of rotation of the circularly 15 polarized conponent is now
inverted to constitute circularly polarized conponent L+, this is
transmtted through cholesteric liquid crystal layer 132 and is emtted to

Lo ?L;ﬁ%éé:ﬁﬂ e 1Y) 3?{;@%&"#‘#‘%@%&% oA Faote B S et enpest
handed e it zed . hrougr
ot 10a5% RAE 83cH b She Béfley FeckRnGUTAE; bBdpRook PERRFIZBRLE “D
respect e oRraidn 2heddne® i blzb CoulartangShape of polarization

conver si on enmen a IS therefore emtted by transparent 25 |iquid

crystal papelbodPrasth SHOMerthddd 848BuL ALY il akiidd iconpdridnRdrlr pam

organi c electrolum nescent el ement 11 has a random pol ari zation conditi on,

it Can? be fdf@ddvesHpriniedl iguid erg_s@amaﬁxt ahd Gijad cryeishepanedbrgsnic
linearly polarized ITght with the direction of polarization aligned. 30
| f the di raddtaolemip@istdntaklemnent 11 neddfit-hanaded edrtughrl§3gal anizd®4b

that is supplied to transparent liquid crystal panel 20 coincides with the
di rect i on cafmporearti Latthat is rettucrheddimorganjc gleact rlimigwsaendnehément he
guantity of light that can be enployed 5 for optical nodulation in the
t ranspar eritl lisquieflectsda by nefilesdringe edggérodegdayer dAdul dWhennbled t hat
the principles of a polarization conversign el enent constructed of a
quar t er - welASICSHAIH ¥ prAarizednlight s rafilectedurh the fiehal gyg,fagsZ the
ReasalBh CHHeSHoh Of FRFAtOR S 36 Tr R3aEge SIS UrIAT 14T PRIGEREE Phy 51 os.
Vol 29, Qggﬁponent (L-) is inverted, converting it to right-handed
circﬁlarly polarized component L+. Right-handed circularly
polarized component L+ is agaih input to polarization conversion
element 13. Since the direction of fotation of the cifcularly
15 polarized component is now inverted to constitute circularly
polarized component L+,'thi§ is transmitted through cholesteric
liquid crystal layer 132 and is emitted to quarter-wavelength film
131. |
At quarter-wavelength film 131, the right—handed circularly
20 polarized light that ié transmitted th;ough cholesteric liquid
crystal layer 132 is converted to linearly polarized light 134b
that oscillates in a direction making an angle of 45° with respect
to one side of the external rectangular shape of polarization
conversion element 13, and is therefore emitted by transparent
25 1liquid crystal panel 20. Iﬁ short, even through the light that is
emitted from organic electroluminescent element 11 has a random
polarization condition, it can be finally supplied to the

transparent liquid crystal panel as linearly polarized light with

the direction of polarization aligned.
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4), "Ap,.ri - 1990 . L 634-637 or Japanese Journal of Applied Physics, Vol,
29, (No. §6)7,9M?£BESB¥}P, 1990, p.1974-1984. Since, with enmbodi nent 4 as
descri bed above, of the light which 15 is emtted fromthe organic

el ectrol um nescent elenent, all of the light that would otherwise fail to
pass through the polari zi_ ng plate and be abso_rbed_i .e. nore than half of
crystal pAfePhSbiTetian pf RALRRAGATEARIOT A NRAEE VaBORRF SRPOALLONE 1348
conventi onal,l ap be proj.ect on_to the screen. .(Enbodi nent_5

embod mentid $p805RRE X rbiiad o transpazepf LERBiNFERFLAL RATEL 20 he
pol ari zat i rsk 1 . ' . .Congiruct i.on) 25 .The

7 qui d- or SOLAFTAEE] BER ofng Shikec il B RBT Ak 2ach Ry Bb IR BoTakiine n
4 apart f | SlAH I i spl o hQH\gl,fi 1.g. i g.
8, liqui dbgr@;l/:slet%?li%lcs%p g%%f@%gﬁ_t eealégﬂrrgrghe&slf %@g&‘% c e gétan%gue_r#Pn@geéirft
el emeng. 1%0::96‘%@&&?&:{0%1%%\6?{ §hcﬁh§lt§'§ﬁ%?a;:én€nﬁi%ﬁf@&?rs%'&tl Egﬂ&i ¢an
crystal panel 20. 31 Organic- el ectrolunm nescent elenment 11 a

transparepe made daggestal panel 20 have the sane construction as in
enbodi ment 4, so further description thereof is omtted. Polarization

conver si orteskoEld bkincoed thatsthe Prime iplled o2&l pohabibkeasivf@onvers i ay
141 and quarter-wavel ength film 142. Mcro pol arization beamsplitter array
141 i s coedementeconstzuctedf ofmaagpanter+wavelengthofilmnk3148ndy nut ual
meshing together of two nmembers with zigzag-shaped surface irregularities.
M cropri sebolegterdcf bigquidscrystahtlayey d3Roaneadysclosedf bn Refer®engerof
sh@ of 45[err] _angle with resgect to the plane of the draw ng. The
boundk? y Pxessedings@biheshith 4otgraatippad HispkahReseagch Conference,
1995, p.735-738, Japanese Journal of Applied Physics, Vol. 29, (No.
4), April 1990, p. L 634-637 or Japanese Journal of Applied Physics,
Vol. 29, (No. 10), October, 1990, p.1974-1984.
Since, with embodiment 4 as described above, of the light which
15 is emitted from the organic electroluminescent element, all of the .
light that would otherwise fail to pass through the polarizing plate
and be absorbed i.e. more than half of the light can be supplied
- for optical modulation by the transparent liquid crystal panel,
so, ideally, an image that-is twice as bright as conventionally
20 can be projected on to the screen.
(Embodiment 5)
_ Embodiment 5 of the present invention relates to a modified example
of the polarization conversion element of embodiment 4.
(Construction)
25 The liquid-crystal projection device of embodiment 5 is the same
as embodiment 4 apart from liquid cfystal display element le. As
shown in Fig. 7 and Fig. 8, liquid crystal display element le

comprises organic electroluminescent element 11, polarization

conversion element 14 and transparent liquid crystal panel 20.
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dielectri’ L+ r filmstructure or the like, so as to transmt |ight
of specif%gggkékgh?§§tion'condition and to reflect light of polarization

condition other than this. In this enbodinent, for 15 convenience in
description, it will be assumed that they transmt linearly polarized |ight
of one polarization direction (p polarization) and reflect linearly

ort nogona CF§ebH S E8EEHRE b Bhtcet fghet i Mud e e i liquia
opti ¢ axt SIATebaPARRY) 20CHEE"Ehd conf’ <ol o thoH {F dp Sribaiiined .
that, in gbaggreﬁegragghgéﬁg?ghrghgg%ggz$§2§m§ gognt 11 of this enbodinent,

there could be substitute anl c rol um nescent el ement 10 as

descri bedpbnaeiBadiBRtodvéFs M8 AlicmeRiteth IUnE ESC i L taﬂj[?zaaéion

described in enbodinment 3. In particular, the polarization separation

‘char acs er behinCspllitteroapehpr 128t hbaa §earteplihteleAgtRY£ifd £oPstituting
pol ari zati on 32 conversion el ement 14 of this enbodi nent shows

consi der aMlierdepehdeheat font beamngprivfei nai ey cRa Dfid hborisahitandd Idohls |t
.is therefore desirable to enploy pol arization conversion el enent 12 of :
enbodi mento3fommiaglaraddtiycaf mispopnisns ddd byciiibnal mesliing Todexhert se
the directionality of the light incident-on to mcro polarization beam
splitter. afriyoimembers: wihh Aigzegeshapedi surfiacei henegularieieés ght t hat
is enitted,fron1or%anic el ectrol um nescent elenment 11 is natural |ight

havi ng a MARUBRFi8Msi4dArefymes suchthal kheirnkruadary ol inemtLoramded

KO | YoBE! BhAgE POURORE o A el 1 B RE S F L B

' The boundary faces of microprisms 143 are formed by means of a
dielectricmulti-layer film structure or the like, so as.to transmit
light of specified polarization condition and to reflect light of
polarization condition other than this. In this embodiment, for

15 . convenience in description, it will be assumed that theY'transmit
linearly polarized light of one polarization direction (p
polarization) and reflect linearly polarized light (s

polarization) in the direction of polarization orthogonal to this.

- 20 Quarter-wavelgngth film 142 has the same construction as
quarter-wavelength film 131 of embodiment 4 and has an optic axis
144:parallel to the plane of the Figufe.

It should be noted that, in place of organic electroluminescent
element 11 of this embodiment, there could be substituted organic

25 electroluminescent element 10 as described in embodiment 1 or
organic electroluminescent element 12 as described in embodiment
3.

In particular, the polarization separation characteristic of micro

polarization beam splitter array 141 constituting polarization
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el ectrol u ement 11, the right-handed circularly polarized
conponentgzggggfg%%egrted to p polarized light by 15 quarter-wavel ength
film142 and is input to mcro polarization beamsplitter array 14. Since
the p polarized light is capable of being transmtted by mcro prisnms 143,
it is supplied to transparent liquid crystal panel 20 as linearly polarized

i gt 14580k yetbion UBRERERECLROOA LRSS | Gibalflit Whowd od , o

the light t Is emtted fromorganic e ectro un1nescem:é§enent 11, the

| ef t - handgdpehaentardy thel aﬁ?lé%quﬂ@ﬁbéof'&cﬂ@m&a@ﬁ% 19<I;ﬁtpolﬁ,f jged
l'i ght by quarter wavel ength film 142 and is input to mcro polarization

beam spl i therefbreydddirdive o @mpl Polaﬁhﬁatioﬁeéémﬁéﬁﬁldml %ement 12
m croprisns 143. The boundary faces of the microprisns 143 are inclined at

45[ err] wofhemlssdizmént @ haeidgr antopicl iresbdance odnstieudt i, i ordes
initial reflection changes the direction of the s polarized light to a

di r ectS ontat raigat theglitrectiohal ity eef i time of ighte i tresixdenincon heo gwiceral
reflection changes its direction to 33 t he opposite direction to the

di rect i onpelarhzatiéancbean splittextawray pbdhri zed |ight is again converted
to left-handed circularly polarized light L- by quarter- mavelength film
142, and (BSE&PBIned to organic electrolunlnescent el ement 11. I n organic

B e o1 L e i

| eft - hand | f

oo 1 ongletkEsiuRindsBonE o fﬁ‘a’rﬁ#gﬂ% 1 g’h?st‘rt‘?ai ?ﬁ@hd%lfbacﬁe?%éc’%f r@i%ed
15000 s BRYERIGE s T dh BOLPSLERghhEE PRI RsdRILENA Y | M

142, so it now passes m Croprisns

E);?PFFZ{ fgglliaiﬁﬁlk'éd compbabnPane! agg a5 éﬁf‘f‘éiédfktpféé‘réf:?éhiéﬂfﬁoﬂé‘ﬁf‘zed
component L-. Of the light that is emitted from organic
electroluminescent element 11, the right-handed circularly

 polarized compbnent L+ is converted td p polarized light by

15 quarter-wavelength film 142 and is input to micro polarization beam
splitter array 14. Since the p polarized light is capable of being
transmitted by micro prisms 143, it is supplied to transparent
liquid crystal panel 20 as linearly polarized light 145a in this
unaltered polarization condition.

20 In contrast, of the light that is emitted from organic
electroluminescent element 11, the left-handed circularly
polarized component L- is converted to s polarized light by
quarter-wavelength £ilm 142 and is input to micro polarization beam
splitter array 14. The s polarized light is reflected by

25 microprisms 143. The boundary faces of the microprisms 143 are

| inclined at 45° with respect to the direction of incidence of the
light, so the initial reflection changes the direction of the s

polarized light to a direction at right angles to the direction

- of incidence and the second reflection changes its direction to
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the 'sane ‘direction_as linearly polarized |ight 145a. In short, even though
the |ight SEA8M3P81&WPtted from organic 15 el ectrol uninescent el ement 11
has a random pol ari zation condition, it is finally supplied to the
transparent liquid crystal panel as linearly polarized |ight all having the
sanme direction of polarization. The principles of a mcro polarization beam

splitter array are 20 _disclogsed in Society for Information D splay
| nt er nat | $K& OBPRBIELUADLEEELR ?@cﬁh?chré%Bé?g,°@bFPc¥§????°1@5??‘pp.

T2 B S SR e o e
be SUPPLL 840808 S01 o RO 480 B ROSIEATPSES LI $15vThe! 2
through the EQQ%QBEhoﬁﬁthgéﬁ%FfgggcﬂkéiﬁmﬁﬂgfﬁéﬁtaP;QﬁQﬁQ;11963"y1

t herefore, "an 1T nage tw as-conventi onal can be projected on

to thesSC&ﬁeefﬁgggg%h@ee&Png% scehEDaYLIBAL 9107 chle Peasibal DUepLi on

relates to a crysta I Splay Ice using a front-side mcrol ens

array el enRded( €32euN e yOBb1Ari LY U1 §hYSE.Al 1D PEETECOE Ay | €&E PESOT Y NI
to this enbodinent 5 6 has the sane construction as enbodi nent 1 descr1 bed

above w tlelelet redecpayen 1013 J | yhed Léfsildnded @ixvullaaIynpolaridedshiywe i n
Fig. 9, liquid crystal display elenment 1f conprises an organic

el ect r ol um-ndsc ereifleceednt it2 isf convestdd mntookéghtahanged| erratulablyand
transparent liquid crystal panel 16. Organic 10 el ectrol um nescent el ement
12 has t hpodamdzedtlight Lesonthie clockwise polarntzed ldghf Ltedsr¢onvexked
reKELence to enbodi ment 3, so further description thereof is omtted.

10 into p polarized light by quarter-wavelength film 142, so it now
passesthroughndcroprisms143andissuppiiedtotransparentliquid
crystal panel 20 as linearly polarized light 145b'oscillating in
the same direction as linearly polarized light 145a.

In short, even though the light that is emitted from organic
15 electroluminescent element 11 has a random polarization condition,
it is finally supplied to the transparent liquid crystal panel as
linearly polarized light all having the same direction of
polarization.
The principles of a micro polarization beam splitter array are
20 disclosed in Society for Information Display International

SymposiumDigest of Technical Papers, Vol. XXIII, 1992, pp. 427-429.

As described above, with embodiment 5, of the lighi: that. is emitted

from the organic electroluminescent element, all of the light can

besuppliedfor6pticalmodu1ationbythetransparentliquidcrystal
25 ©panel, whereas conventionaliy more than half of the light could
not pass through the conventional polarizing plate and was absorbed;
ideally, therefore, an image twice as bright as conventionally can

be projected on to the screen.

(Embodiment 6)
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Fr ont -.Si dgz-pgﬁpé array element 15 is constructed by providing a
plurality of mcrolens elenents 151 arranged corresponding to 15 the pixels
of transparent liquid crystal panel 16. For exanple, if transparent liquid
crystal panel 16 conprises 640 (horizontal) x 480 (vertical) pixels,
front-side mcrolens array el enent 15 al so conprises 640 x 480 microl ens

el ement s didoqi e Helendl GLALERY BYeht (L LS150881 L0 W Wi porgEad of

manuf acture su plastic I'njection nou ng or gl ass- ormng,
using a r@udsh dPrdeidé ts RGP Bhial SR i chh s 'aﬁf}%nyé%rﬂ $Shape.
Al so, the individual mcrolens elements 151 could be for as diffraction
| enses. T(@oﬁgmmd;@pe shape of the individual mcrolens elenents 151 25
is formed such as to provide a fixed focal length (for exanple 2.5 M) with
respect t®» Iiguidwvetysigih mfojdutiorglevEind aedordingrgathds embodiment
el ectrol um nescent elenent 12. This focal length is the rear-side focal
| engt I3 of 6 rhas dhensasieerenstribtioihas dembadinreme t Wekys dmidnetd abdeenwdthl ens
array element 15 and transparent |iquid 35 crystal panel 16 is adjusted
such t hatthéiexdeptiion afilliquideguystad dhepliaytahement obf { hdspshownpih
point of mcrolens elements 151 to aperture 163 of a pixel of transparent
liquid cr¥idal? pahquid crystal cisplapredamanthd § qonprsiBsess 4 oRgands bot h
the light jnput 5 face and |ight output face aof m ¢rolens el enents 151.
Thi s refl%ic?'wjp‘F%ﬁ??fbt Elemensol? 5 frontasdsie mickP L eRY anKay ehgment
reflectivjty is.lowest for light of the wavel engt m tted by organic
el ectrol he%r&%n‘fr%rf%?nﬁzﬂﬂ’é%scﬂrsetrmﬂﬁ Iqadlﬁ%dqéreysbﬁgaﬁéﬁel 16 is
CORS}Kuct L QLA ngwi on
coRhICt ettt inied sl LAt 1% 3ad BN S A Meiafr
subst 232 Cedfdurideish b R1PELEFHS LIS U1thF EEEBERACEHS AnibotiiheiOY) dod
so further description thereof is omitted. |
Front-side microlens array element 15 is constructed by providing
a plurality of microlens elements 151 arranged corresponding to
15 the pixels of transparent liquid crystal panel 16. For example,
if transparent liquid crystal panel 16 comprises 640 (horizontal)
x 480 (vertical) pixels, front-side microlens array element 15 also
comprises 640 x 480 microlens elements 151. Froni:—side microlens
array 15 is constituted by a method of manufacture such as plastic
20 injection moulding or giass-press foming, using a mould formed
with microlens elements 151 of lens surface shape. Also, the
individual microlens elements 151 could be formed as diffraction
lenses.
The lens surface shape of the individual microlens elements 151
25 is formed such as to provide a fixed focal length (for example 2.5
mm) with respect to the wavelength of the 1light emitted from organic
electroluminescent element 12. -This focal length is the rear-side
focal length of microlens elements 151. The distance between

front-side microlens array element 15 and transparent liquid
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163 for €ach pixel. In order to sinplify the drawing, the drive circuitry
and transpavemMsrel2Wodr odes etc. provided on the 15 polarization plate
(corresponding to polarization plates 201la, 201b of transparent liquid
crystal -panel 20 of Fig. 2) are omitted in this Figure, and the nunber of
pi xel s shown is reduced. The conposition of transparent substrate 161 and
the liquid crystal material of liquid crystal |ayer 162 are the sane as in
enbodi mencrgstal panelX ur lisr adgustedtsuch ttH@teshissfogalt bengtpris ggqual
screening pattern 164 is constituted of a material such_as carbon that
shows opt tedtheddstancenfren tthe prdnripadpdinpahpiggodengLlemgnts 151
substrate form Thus, of the light that is emtted tq transparent |jquid
crystal phRcpamturslf3 pfm nixel pf Transpakents liguid,crps ?ﬁr@%n%]ﬁg%i's

ST noh W EUPEEGR e i 49 5 Fe Ty
. o ok o - Tt ! . .
of ot bl oERREsaf Tapbhonithuts %é‘%:e& Arriofent Bleilied ol oBrgaant ©
t ul . i i . f +Si
aper T o2 r43e8t 108 prevERRERAT Filn 1941 b Gl oy Sodfinitl RN il
about 10 ¥8k§aéti§-@_9phgeﬂo§ pekypep; ﬁené?am&t SYETAAPHR Ry efed Fy and
reflecting e ectrO(]ie | ayer 5% of organic e ectro‘rum nestent elenent "12,

light is gpyhhed EiestloTineaes8Ent a¥eemdre- 17hen, as described with
reference t0 enbodinment 3, |ight of specified wavel ength determ ned by the

di stance peawsparénelEijuid ciystal patleland isctbastiragted eniotpthat A iguayer
12@_is emtted fromorganic el ectrolum nescent el ement 12. The wavel ength

band 1§ t beysthislapespet6Ruaref sahdwiched ten ¢itjier isidamrhywravspaents
el ements 151 are designed such that the focal
: substrate 161. On one face of transparent substrate 161, there is
provided an optical screening pattern 164 provided with apertures
163 for each pixel. In order to simpiify the drawing, the drive
circuitry and transparent electrodes etc. provided on the
15 polarization plate (corresponding to polarization platés 201a,
201b of transparent liquid crystal panel 20 of Fig. 2) are omitted
in this Figure, and the numb_er of piﬁcels shown is reduced. The
composition of transpérent'substrate 161 and the liquid crystal
Y, material of liquid crystal layer 162 are the same as in embodiment
20 1, so further description thereof is omitted. |
Optical screening pattern' 164 is constituted of a material such
as carbon that shows optical absorption and can be formed by printing _
or pasting in substrate form. Thus, of the light that is emitted
to transparent liquid crysta.l panel 16, only light that is directed
25 on to apertures 163 is emitted at the projection lens side, light
that is directed on tb optical screening pattern 164 being cut off.
.It should be noted that optical screening pattern 164 is not

essential if the light emitted from organic electroluminescent

element 12 can be completely concentrated on to apertures 163 of
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poi'nt. i ngapeMzBpa 23 of transparent liquid crystal panel 16 is focused for
light of this specified wavelength. In contrast, for 15 light of other than
t he specified wavel ength, the degree of refraction produced by the lens is
different, so such light is brought to a focus either upstream or
downstreamin the optic axis direction with respect to aperture 163,

produci ngrankpagent! Bﬂgﬁid'dﬁ}gtaﬁﬂ paRent Us oyl G3ontlsResREealbis drHy Of
t he specified wavel ength passes through aperture 163 and is enmtted at” the
proj ecti enement 1i5de, but nost of |ight of wavel engths other than this is
ei ther absorbed or reflected by optical screening pattern 164 and so is not
emtted f{actlienprojection lens. 25 The greater the degree of parallelism of
the light that is input to mcrolens array elenment 15, the smaller is the
focal sp@hen addfdxedbPCnivoilbhgas (Ebenexamplélabsutt he wobus) id dpplied hat
can pass through pixel apertures 163 is increased. On the other hand, if

t he parabesweem Stanspareghteleetrode kgyar 322 andorefiecting electradei s
lower i.e. it is nmore divergent, the |ight cannot be sufficiently focused
by mi cr ola¥erel 2hehorsapicetectroamingsrerpelepensidy 1ighedsiemitirdel
aperture 163, .resulting in |ight being absorbed or, refl ected opti cal
screeni n§TR% ?‘E?‘Frnﬁsﬁﬁg? ]ﬁiée’grh?lf’rrt Ege?‘i'g?ﬁ desaribsd wd rﬁﬁgngFgﬁﬁ to

(b oual, SREEIRERCY |35 B ok atusdy JRLORILDE LaPAEthZh b7 BAEICCt o
o™ bR SRR piE5NRRTE BOREE'TE] A EREICLle Uisctianal 1Y
orO0f RSN 10 Tt €401t QLSRR STBRkrowQpRiSEoh? LichéRe L1
" The wavelength band of the emission spectrum of this emitted light
is narrow. Microlens elements 151 are designed such that the focal
- point in aperture 163 of transparent liquid crystal panel 16 is
fdcused for light of this specified'wavelength. -In contrast, for
15 1light of other than the specified wavelength, the degree of
refraction produced by the lens is different, so such light is
brought to a focus either upstream or downstream in the optic axis
direction with respect to aperture 163, producing a large rihg of

light at apertdre 163.

20 Consequently, light of the specified wavelength passes through

| aperture 163'and is emitted at the projection lens side, but most
of light of wavelengths other than this is either absorbed or
reflected by optical screening pattern 164 and so is not emitted
to the projection lens.

25 The greater the degree of parallelism of the light that is input
tomicrolens array element 15, the smaller is the focal spot produced
by microlens elements 151, so the amount of light that can pass
through pixel apertures 163 is increased.

On the other hand, if the parallelism of the light that is input
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crystal p$§9l. Ih ihould be noted that, if a mcrolens array el enent 15
wer e not M3e } nght absorbed or reflected by optical screening pattern
164 woul d be unable to pass-through the liquid crystal panel, so the inage
projected on to the screen would be dark. As described above, with this
enbodi ment 6, since an organic el ectrol um nescent el enent having a
resonance constrﬁftion of 2?5 excellent directionality is enmployed for the

em tted | EQHRLCTOINS ATTAY {3 HRAGVER T oot HF pPyITS Shveroenter Lhnd-ahfui d
Chat can” BaSRoRY Rk SrERTERpBRTY “FhOYaFa Y MictEed Lol i e dsfh.,
Cherl ot 5he) 80621 SoL B, Al Rilal ¥1%80 hilPedfe Pea DEURNIAY 11
Govi ce T uiprLeont HedidaeRorktell ARLILAE by BpRikhd LEriodEad pdtedhdtY

(COﬂSFS uctieqn) rheé iaﬁi&ﬂr‘tcbfsiféhtpﬁ:@ia%éhﬁrbé'%!'iaﬁ%né.‘i‘i%ﬁdﬁﬂ_ﬁoﬁ&ht ANt h
enmbodi nrent has the sane constructi on as enbodi nent 6 descri bed above 5 :

apart fromeBi g8 €héreby alowesed AnaligEthel dmage shavNispFbPectdd dn ¢ d
crystal display elenent 1g is constituted conprising an organic

el ectrol urheesceeeneldagker.12, front-side mcrolens array el enent 15,
transparent liquid crystal panel 16 and rear-side mcrolens . array 17.
Organi ¢ eCeusequentiyscase ofl aneongaric el ectrolumingscentr elemsntirhaging
element 15 and transparent liquid crystal panel 16 are the same as

descri bedapnophiiedlnsasonance ¢orsheucticn vierehy tthe cbirectinnalkidy of

~10 | emitted ligl'it canbe raised is partiqularly desirable in the present
embodimentembloyinganﬁbrolensarrayelement,inordertoincrease
the amount of light that can pass through the pixels of the liquid.
crystal panel.
It should be noted that, if a microlens array element'15_were'not
15 wused, light absorbed or reflected by optical screening pattern 164
would be unable to pass through the liquid crystal panel, so thé
image projected on to ﬁhe screen would be dark.
As described above,'with this embodiment 6, since an organic
electroluminescent element having a resonance construction of
20 excellent directionality is employed for the emitted light, this
can be focused on to the pixel apertures of the liquid crystai panel
by the microlens array element, enabling the amount of light that
can be transmitted through the pixel apertures to be increased;
colour display of high brightness and colour purity can thus be
25 achieved with the liquid-érystal projection device for colour
display. |
(Embodiment 7)

Embodiment 7 of the present invention relates to a liquid crystal

display device further employing a rear-side microlens array
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Rear-sideé mcrolens array elenment 17 is constituted conprising a plurality
of microl & M3EPANO 171 arranged corresponding to the 15 pixels of
transparent liquid crystal panel 16. For exanple, if transparent |iquid
crystal panel 16 is constituted of 640 (horizontal) x 480 (vertical)

pi xels, rear-side mcrolens elenent 17 is |ikew se constituted of 640 x 480
m crolens elenments 171. Rear-side mcrolens array elenent 17 is constructed
by a net h&leme™t- nanuf act ure such as plastic injection moul di ng or gl ass
press forming, .using a nould forned with | ens surface shapes of mcrol ens
el enents KFPISERUGTEARNely, nicrolens el enents 171 coul d be constructed by

diffracti l.enses. The l.ens. sur of, l.0di vi.d ' ns

ol erent s B D SR SR ST e T, SYABe pgcRE ARG, Kol e, ReRAER;
exanpl e 2. . | | .46 ,ﬁg@é b 6t : '

el ectrol urﬁﬁnr#“e%sfi:lé'(n tebéﬁhe%ﬁégﬁggﬁggfggﬁopg% | sﬂ?ﬁrg& f%r(géngté%/lo%c?g?%ﬁ%t h
of m cgol tqd4]s .5t tRGe sp inClihh @& iGr.Y I
panel 16 %ﬂegﬁgle &rﬁ'd(l:ro esﬁlggia??gglgfenent ntfr7§|§s gﬂfﬁ??gg%g‘#% hg?§l
this 39 1£§1fﬁi S/t BRI dienidit digtidn constdrupiee comlpaieing 463 of
transparent Tiquid-crystal panél 16 to the principal point of mcrolens

el enent 17drgdiwic eledkirelunfinebeehecélenemyli2 ,ofrdhe-s bde nsicielensf apnay
m crolens array element 15 and the focal length on 5 the front side of

rear mcrodlbemernst i nttahsparendt lticyuike cxyretadi panede 16t laaddinsaarsdde
between front mcrolens array el ement 15 and pi xel aperture 163 and the
di st ance beicwelensarrayrll endrganig elestroluminggcpnkeplepentuléd 163 are
arranged to be the sane. A reflection-preventing film172 is forned ,on both

t he—0p0i cafrontraide micrelens armax alenamuils And Franspanant Jiignid
element 171. Preferably reflection-preventi film172 is.designed such as
to provi deCF Rt P%‘f?-‘éc]tq \A%8 the @s é]e%t%qﬁéﬁé%m%;{“%r'ﬁe 6, 80

further description thereof is omitted.

Rear-side microlens array element 17 is constituted comprising a
plurality of microlens elements 171 arranged corresponding to the
15 pixels of transparent liquid crystal panel 16. For example, if
transparent liquid crystal panel 16 is constituted of 640
(horizontal) x 480 (vertiéal) pixels, rear-side microlens element
17 is likewise constituted of 640 x 480 microlens elements 171.
Rear-side microlens array element 17 is constructed by a method
20 of manufacture such as plastic injection moulding or glass press
forming, using a mould formed with lens surface shapes of microlené
elements 171. Alternatively, microlens elements 171 could be
constructed by diffraction lenses. The lens surface shape of the
individual microlens elements 171 is formed such as to provide a
25 fixed focal length (for example 2.5 inm) for light of the specific
wavelength. emitted by organic electroluminescent element 12.
This focal length is the front focal length of microlens element
171 . The distance between transparent liquid crystal panel 16 and

" rear-side microlens array element 17 is adjusted such that this
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Ligﬁt;tha by organic el ectrol um nescent element 12. (Action) 15
As descrlggéaggggé&ﬁﬂ enbodi nent 6, light that is input to transparent

liquid crystal panel 16 is brought to a focal point at pixel aperture 163
and then constitutes divergent light 165. Mcrolens elenments 171 of
rear-side nicrolens array element 17 are designed such that their

BLTV’E? gont pfé 1epgtf. Tl Sudfh e t@}ﬁz‘é sabeR ZuohnBatearSrpashts 493 g8
t hi r I [ -
.sevZn[”hCe?%%&%ﬁ%ﬁeﬁ* T4SPR, cthgriy Baped 18280 LhEr pE AN ERat é%éé’éséf

divergencg;al-g 1'&%s2§1%xh&‘% &%SS' Por a%ﬁi'?-‘-. |1£ ‘E('tjx@ ﬁ%c%’éi %ngﬁﬁeén the fear

I|qU|d crystal "projection device can be provid IS C

proj ecting i ﬁ‘feﬁrghtgﬂiéfoléﬁﬂearfm@n{&iﬂ 18) a’ﬁﬂetﬁégfbaafni)@ﬁgﬂﬁrﬁn of

the present invention relates to a li'quid crystal display device

enpl oy ng the! Frankolsddez atfl PBagOMieF6lefis eéEéﬁéht any arei seoledstlve rsame
el enent. (Construction) A liquid-crystal projection device according to

enbodi nenidi@thaseh thiee distancenbetweehofrantemborobens drregcelémentablh/e
apart fromliquid crystal display elenment 1h. As shown in Fig. 11, liquid
crystal diand pixel aperttutie ré3rpndsde disbagaebetatesst rean microdems ateapnt
12, polarization conversion elenent 13, front-side mcrolens array el enent
15 and traﬂspam@nﬂ7lamﬁtwlaﬁﬂsﬁabrﬁaﬁel1§G age ergangedetecbeotbfi AaBeent
el ement 12 has_the sane optical resonant construction as that descrlbed I n
enbodi nent® gefbgq:g;.tplz-aprgﬁentlng £ilm 172 is formed on both the optical input
10 face and opt1ca1 output face of rear microlens element 171.
Preferably reflection-preventing filﬁ 172 is designed such as to
prbvide lowest reflectivity in respect of the wavelength of the
light that is emitted by organic electroluminescent element 12.
(Action) |
15 As described above in embodiment 6, light that is input to
transparent liquid crystal panel 16 is brought to a focal point
at pixel aperture 163 and then consﬁitutes divergent light 165. -
Microlens eléments 171 of rear-side microlens array element 17
are designed such that their front-side focal length is equal tq
~ 20 the distance of aperture 163. Divergent light 165 is therefore
again converted into parallel light by this microlens array element
17. - |
Sincé, as descfibed above, with this seventh embodiment, the
rear-side microlens afray element suppresses divergence of the
25 1light passing through liquid crystal panel 16, a liquid-crystal
projection device can be provided that is capable of projecting
an even brighter image.

(Embodiment 8)

The eighth embodiment of the present invention relates to a liquid
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conversion elenent 13 is the same as described in enbodi nent 4; and
front-si d82APM3BPLAYOarray el enent 15 is of the same 15 construction as
descri bed in enbodi nent 6; further description thereof is therefore :
omtted. Transparent |iquid crystal panel 18 is constituted conprising two
transparent substrates 181, liquid crystal |ayer 182 and pol arizing plates
185a and 185b. On one_of "the liquid_ crystal |ayer sjdes of, 20 transparent
subst r at ec¥gstaindigpiaypfsvigeeBplahEny 3?%”18"33 Hﬁamlﬁ@(é?mé’rﬁf on
screeni ng i ded_around.its periphery. Since transparent

attern 184 is . pro
substrateeEST?nEpéP uPemig§°iﬁHsoﬁFF§§le%??%@ﬁrng pattern 184 are

respectiv?lé tge s%ne gs transparent substrate 161, aperture 163 and
screeni ng ﬁ PBEFHCYE25  of transparent liquid crystal panel 16 of

TR RicHSEELTAAAR AESEELAAd A ol e B

under st an raw as 1n the case o ment

drive £irgigl FB&.@V&Q&&P@#B&M#&W rtilsheatbeiBBd 4BSvei SPAAY fGidufui t

etc. for supplying contr signal s to the transparent el ectrodes, wiring 41

and drive gighgd FriEeanotispouy. efembhBULH. CTASISHowRYRT BEAR. I KOWuid

tw sted ne Ic l1Quid crystal "or the like is enployed; this is arranged
such that cirysitle EDsislidy elementhlskonplrises as ozpphiedeldctinsumiresadrrt e
the plane of 5 polarization of the incident light but in the condition when
vol t age i elemienzpali,epollardeationt ebavelnsiphaetenénpoldri £ronbasiddei nci dent
-light. Polarizing plates 185a and 185b have the sane construction and are
arranged michrodensoarrayseilementylbi ghd branspasenti bigpid 2ryskabrpamel
condition of the incident light. However, the direction of polarization of
lightl®@raddwitted by polarizing plate 185b is arranged to be offset by a

certain angle with respect to the ' .
OQJ]:ganic electzpoluminescent element 12 has the same optical resonant

construction as that described in embodiment 3; polarization
conversion element 13 is the same as described in embodiment 4;
and front-side microlens array element 15 is of the same
15 construction as described in embodiment 6; further description
~ thereof is therefore omitted.
Transparent liquid crystal panel 18 is constituted comprising two
‘transparent substrates 181, liquid crystal layer 182 and polarizing
plafes 185a and 185b. On ohe of the liquid crystal layer sides of
20 transparenﬁ substrate 181, there is provided an aperture 183 for
each piXel and a sdreening pattern 184 is provided around its
periphery. Since transparent substrate 181, aperture 183 and
optical screening pattern 184 are respectively the same as
transparent substrate 161, aperture 163 and screening pattern 184
25 of transparent liquid crystal panel 16 of embodiment 6, description
thereof is omitted. In order to facilitate understanding of the
drawing, just as in the case of embodiment 1, the drive circuit.
provided on the trahsparent substrate and the display circuit etc.

for supplying control signals to the transparent electrodes, wiring
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direction of polarization of transmission by polarizing plate 185a. This
angl e issgg§M53°BQW@hual to the angle of rotation of the plane 15 of

pol ari zation that is produced when the plane of polarization of incomng
light is rotated when no voltage is applied to liquid crystal |ayer 182.
Al so, the direction of polarization of linearly polarized [ight emtted
from pol ari zing conversiion elenent 13 is arranged to 20 coincide with the

di rect i oM X3VE CAXCNIE @%FaBPE 8POWBing transmitted by polarizing plate
Lo Tl RS A bR BB Bl T,
focal 25 ekt e TR LntS 1€ atPhnbBa il kRar b I8 £GRFEISE,
that i o aapupreh voiltadh b, kpBd188 3E dobl ol roBark EAS' bEERE pEP 0 "
ol ar { zaE R OR AGioncet ENIMUPRCTIERE RdtITh Chis ORI EL ORI (31 g2

transm t tigdnbe dpfltidtpReedoés Kotatel ¥h Y1z 8¢ pd ¥ i datidr Gl P idéiee
wavel ength region of light that is emtted fromorganic 5
el ectrol wigmescent elenment 12 is restricted by the optical resonance
structure (see enbodi nent 3). However, the direction of oscillation of the
i ght isPodeddmiagdplatesddSdand h85b dglave&hdesane romstuectiamandeaaire
conponent L+ and an left-handed circul arly polarized conponent L-.
Ci r cul ar larnasiged sech @shporfaransnit ooly Light sz specdfiedpoarizatpiont o
cholesteric liquid crystal layer 132. Since, of the circularly polarized
conpbPencondidion oL thet incidedtedighte |HeueveE, yEhe|dirgetian 0t
right-hand?g gircylarly _. ' . ' .. ]
polarization of light transmitted by polarizing plate 185b is
arranged to be offset By a certain angle with respect to the
direction of polarization of transmission by polarizing plate 185a.
This angle is set to be equal to the angle of rotation of the plane |
15 of polarization that is produced when the plane of polarization
of incoming light is rotated when no voltage is applied to liquid
crystal layer 182.
Also, the direction of polarization of linearly polarized light
emitted from polarizing conversion element 13 is arranged to
20 coincide with the direction of polarization capable of being
transmitted by polarizing plate 185a. Furthermore, the distance
between the principal point of microlens element 151 of front-
side microlens array element 15 and aperture 183 of transparent
liguid crystal panel 18 is set to be equal to the rear-side focal
25 length of microlens element 151.
For convenience in description,,it is assumed that circularly
polarized light of the directiéon of rotation that is capable of
being transmitted by cholesteric liquid.crystal layer 132 is

right-handed circularly polarized light L+, while the circular
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pol ari zed + can be transmtted through this liquid crystal |ayer
132, it igﬁﬁggg?s?gwguarter-mavelength film131. 15 Quart er-wavel engt h
film 131 converts right-handed circularly polarized incomng light into
linearly polarized |ight 134a oscillating in a direction that nmakes an
angle of 45[err] with respect to one side of the external rectangul ar shape

o Pol o | BBy Rt -aRIuE! SrOB1ELEEROh Jf ré¥atlitn XY IRkl didedddatbut

circul arl ol"arized conponent Is reflected by this liquid crystal
layer a“dbgingewsﬁeﬂieeea IBI ek O-R4HASA Ccﬂ'&?la{t)i*]' BoeaeRdd e RymRntn-12.
Left-handed circularly polarized conponent L- that has returned to organic
el ectrol uynpesennt el ement 12 reaches reflecting el ectrode |ayer 126, where
it is reflected. Wen the 25 circularly polarized light is reflected,

| ef t - handedecwavell @ahlgrhpeegibnedf! Lgghtcohpbntstenitted fremdorganion of
rotation reversed and becones right-handed circularly polarized |ight
conponent ellectRodomihesdedtcelemkat| ¥2pdbaregtdicbegobynthe+optiaghi n i nput
to polarization conversion elenment 13. This tine, since the 43 )

ci r cul ar | yepohaniceesit cacipare r(is eeasnbedimert, 3se dHPWEURE e GheAispcEd0RIQ TN,
becom ng right-handed circularly polarized copponent L+, it is able to(Pass
t hrough clesicdddation ofdhe hgb%—/ dis rapdem and jnglndeghqtleg xight-hande

??’SH ZL;ﬁ%éi'cgﬁ%ﬂwéEkﬁ‘a%?a%sf?sé‘é%%éh%f‘ﬁﬁ Sler?ﬁ 3%3 setfrdacd iR o
I qui . 132 ] A ) [ iLght .1 '

o:;] qu1|5[ eﬂ%sébm%trﬂ'zaggrﬁgwoptﬁgsntﬂgﬁgg%% %Yﬁ%@}gb{a&tﬁ% gé@?@ﬁ%{% gs%‘gpﬁeg 5046

t o, . ! b

i ronfd o theeie B A EGRE S LLARRY ol Phofedter A ni8i8 diecaiRablr 132,

t ?'ygt [a; hg%ﬁé&gg% kh2d i 88 at39Ppbsat §88d OUbRPSnERL S  BRERAELE iApE! €b

cholesteric liquid crystal layer 132, right-handed circularly
polarized component L+ can be transmitted through this liquid
crystal layer 132, it is input to quarter-wavelength film 131.
15 Quarter-wavelength film 131 converts right-handed circularly
polarized incoming light into linearly polarized light 134a
oscillating J.n a direction that makes an angle of 45° with respect
to one.side of the external fectangular shape of polarization
conversion element 13. On the other hand, left-handed circularly
20 polarized component L- is reflected by this liquid crystal layer
and is returned once more to organic electroluminescent element
12. Left-handed ciréularly polarized component L- that has
returned to organic electroluminescent element 12 reaches
reflecting electrode layer 126, wﬁere it is reflected. When the
25 circularly polarized light is reflected, left-handed circularly
polarized light component L- has its direction of rotation reversed
and becomes right-handed.dircularly'polarized light component L+.
Right-handed circularly polarized component L+ is again input to

polarization conversion element 13. This time, since the
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In short, whatever the polarization condition of the light that is emtted
from or gas2g s3@o2eioun nescent el enment 12, the light 15 that is supplied
to transparent liquid crystal panel 18 is aligned in direction of
oscillation and close to parallel. Since, in this enmbodiment, an organic
el ectrol um nescent el enment having a resonator structure is enployed as

| i ght source, the wavel ength band of the emnission spectrumof the enitted
l'i ght is irvcalanilyy pddhirieed domponéntilias ivers alevetlrised hdaf décécdiion of
function of the polarization conversion el ement and the optical

char act er irsttiadsioal, béeoming alighs-handpdeat ormriiarianpobar bz ed eonpomenitii-sed
for this specific _wavel ength region only. The wavel ength dependence of the
pol ari zat iidn iseladde Fo paessethronghschg §§F§ﬁ1©f1%9E180¢§Y$§®lilﬁwer 132
conversion elenment is determned, in the case of the _polarization

conver si ofRd dife@mitthesh oy iavaster-wayeleaghd fdim 33 rod of cholesteric

el anend | RO e LSnatS 5418, bR PR they BLIBEaBRRAGY ferT TRl X LY ne
L e Bl R AL 0

hol i cal' b 3¥B 432 FBLEMERAT B idbd 1AGHITRSI8 bty 4@ dhild 3’?2%5”
correspongjiig espack £bi ke i Q‘fr ?Qt A po’?% uidf &E&ﬂa&akhapecefvﬂé' on

el ements. However; the construction o rization conversion el ement

is straig Eﬁﬁaild%.h%%&erwﬂﬁﬂ %Q%&bh%chhagoB@hﬁ&héihgoﬂncﬁﬁée§§MQn
el egents functioning only in 10 respective specified wavel ength regions

such 20 rdireptden as hthécdirectibhi 6€soboillavidn efhbineallpepoal Lréd
structure or stacked-|ayer periodical structure corresponding just to that
light 134a; this linearly polarized light 134b is then output to
transparent 1iquid crystal panel 18.
In short, whatever the polarization condition of the light that
is emitted from organic electroluminescent element 12, the light
15 that is sﬁpplied'tO'transparent liquid crystal panel 18 is aligned
in direction of oscillation and close to parallel.
Since, in this embodiment, an organic electroluminescent element
having a resonator structure is employed as light source, the
Y wavelength band of the emission spectrum of the emitted light is
20 narrowly defined. The polarizatioh selective reflection function
of the polarization'conversion element and the optical
characteristics of the microlens array element can therefore be
optimised for this specific wavelength region only. |
The wavelength dependence of the polarization selective reflection
25 function of the polarization conversion element is determined, in
the case of the polarization conversion element in embodiment 4,
by the_helical period of cholesteric liquid crystal layer 132 and,
-in the case of the polariéation conversion element in embodiment

5, is determined by the layer-stacking period of the dielectric
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wavelengtgzjiﬁﬁéﬁ& @écrolens el ements 151 constituting front-side mcrolens
array 15 Ot ocus i ght from polarization conversion el enent 13 on
to apertures 183 of transparent |liquid crystal panel 18. The direction of
pol ari zation of linearly polarized |ight 134a and 134b supplied to
transparent liquid crystal panel 20 coincides with the direction of

pol arization that is abl e of passing through 20 polarizing plate 185a.
This |ing3f Elfih¥ﬁ¥z€§ﬂPTght 134a and 134b therefore passes through -

Lari 7i . i ol 1830 S
gloeg{ Ir .ZLH?PE‘JT‘?IS“S‘&Q’;‘S??Q% %@f%f%ﬁ%ﬁﬁ%eﬁ 1821%i*l;éi}qui d e(:ryst aInOI ayer
182 rotat %@foﬂ'ﬁ{'% Qévéféﬁq% ﬁﬁ%m&n&mﬁaﬁﬁatré’&, lgrelein BddTdeeene

angl e. An en an electric e s applied to liquid crystal |ayer 182,

the |iqui degdYehelefOLECAE BSed o Aiiietnidd Nim Mulaniplen stfadeie hlldedani cal
field and no polarization plane rotation is applied to incident |ight.
Conseqlenpbyiodiichlestract@fedi S€| Stackedt Ldyen| pegiod scaibtstappd twrks 45

the plane of the incident light is rotated, allowing the light to pass

t hrough pebaréespogdfhgteo l&idh printarybeocdoupuinacachespridjie goilar izatdon de.
In contrast, in the case of pixels to which voltage is applied, no rotation
i s appl i edohverhiopl ehementpol Hawamemn tdfe Tonstauatden @f IGhght which
therefore cannot pass through polarizing plate 185b _and is absorbed or

r ef | ect edpoderieationeconvereionielenents isnstanight forvagrdnka thatahen

organi c el ectrolum nescent elenent, intense |ight of & so%gifLed mafeLength
and excel FERBLERFEARY RPRIATIZIEIQN CPRVEEE IOPfRISMENYS Lot dpning only 1n

llarj zati ' | i d by, m f t l.arizati ' {,
R L SR R R R S e
|ncreasedigysaggigkgrggeg%oggagyaehgfgggi periodical structure or

stacked-layer periodical structure corresponding just to that

wavelength'region.

Microlens elements 151 constitﬁting front-side microlens array
15 element 15 focus light from1polafization conversion element 13 on
to apertures 183 of transparent liquid crystal panel 18.
The direction of polarization of linéarly polarized light 134a and
134bl supplied to transparent liquid crystal panel 20 coincides with |
the direction of polarization that is capable of passing through
20 polarizing plate 185a. This linearly polarized light 134aand 134b

therefore passes through polarizing plate 185a and is focused on

to pixel aperture 183.

When no electric field is applied to liquid crystal layer 182, liquid

crystal layer 182 rotates the plane of polarization of incident
25 1light by a fixed angle. And when an electric field is applied to

liquid crystal layer 182, the liquid crystal molecules are aligned

in the direction of the electrical field and no polarization plane

rotation is applied to incident light.

Consequently, in the case of pixels to which voltage is not applied,
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a liquid-crystal projection device whereby a bright projected i mage can be
obt ai ned %&%9Mh%9b26@e be provided. 15 (Enbodi nent 9) Enbodi nent 9 of the
present invention relates to a liquid-crystal projection device of a node
wherein an i mage projected on to a screen can be observed fromthe rear.
(Construction) 20 As shown in Fig. 12, a liquid-crystal projection device
according to the present invention conprises a liquid crystal display

el enent 1therpiane iafhtheningident ahigght! imndosatedn $1loWheg|tinelildghty sbal
di splay elenments la, 1b, 1c, 1d, 1e, 1f, 1g and 1h of enbodinents 1 to 8
can be app?¥ %Ghﬂ-’eulghcﬁﬁjeﬁl&%ﬂs‘lgaplétgﬂlsé}) and telhehventput atl theprerjectida,
organi c el ectrolum nescent elenment 10 and transparent liquid crystal panel
20 in thise}§ -ar ENsFORRTBFE nelp Shecqasp ef Pixelfetoprhich waldmge dsof

t he foregoing. epbodi nents could be appljed in place of these. Projection

| ens 31 iipﬁgh%ﬁ AR PP it aRPhiRy & Hhe iPdage gt pedarizatien pdui d

tal displ. . t, IS, § sed 1. Only one projectiqgn |ens
< shaun $38 ReRIGH 1oB, Snr RFFs EanROE Bect uiuall plsyiaRng

nbl | i | fd.cal,l this is constituted ch
?ﬁzte anyi %ge gimégt?eétfg%,rlgémgsl? | q‘?ﬁ gﬁg%esﬁlaﬁaéta‘%/%pl alyse: erent S1I [ g broﬁght
t f : ters | £ d ' . oHO | | iquid.
cryotal drspn e, abote! hi RN Wacatat o WEKs 1d e oBsbis

di spl ay eépémoﬂahnﬁs@é&éiiﬁlgeiéin&{@,OOEﬂ?é}iseB_ﬂiﬁl&m&@ée%paeféﬁjlefi%& put 1ight

is divergent light. 10- Projection lens 31 is therefore usted such that
this di veraeelendightand dxceighént AirdAGunai 5L xR race, tHe this

enodi ment, the imge is observed fromthe rear side

10 direction of polarization is aligned by means of the polarization
conversion element, and the amount of light that can pass through
the pixel apertures is increaéed by the microlens array element;
a liquid-crystal_projectioh device whereby a briéht projected image
can be obtained can therefore be provided.

15 (Embodiment 9) |
Embodiment 9 of the present invention relates to a 1iquid-crysta1
projection device of a mode wherein an image -projected on to a screen
can be observed from the rear.

U (Construction)

20 As shown in Fig. 12, a liquid-crystal projection device according
to the present invention comprises a liquid crystal display element
1, projection lens 31, frame 41 and screen 51.
The liquid crystal display elémentsla, lb, 1c, 1d, 1e, 1f, 1g and
1h of embodiments 1 to 8 can be applied to liquid crystal display

25 element 1. In other words, orgahic electroluminescent element 10
and transparent liquid crystal panel'zo in this Figure are shown
by way of example and the optiéal élements of the foregoing
embodiments could be applied in place of these. .

Projection lens 31 is constructed such that an image that is output
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of the screen, so the inage that is projected on to screen 51 nust be

i nvert ed SVMPBIRUL2WA h enbodi nent 1. Projection lens 31 is 15 therefore
constructed so as to invert the projection inmge before displaying it.
Frame 41 is constructed such that liquid crystal display elenment 1,
projection lens 31 and screen 51 can be arranged at suitable distances. 20 .
In order to enable the iimge that is projected on to_the screen _to be

observed fremliguidcxystakdisplayekanent liis £8R4prdQMB8CERERH ex IRPFe a

The | g secsibp{efs R phofn d- 8t B Wrimiind oXCinecs
(7om he Papiit Sadohs o AL i SHURTY i o
T s CLARE L 5 B U B

6 91 720,00, 05" 65 Sy Wy T 0Tl b5 dR0 €014 g Bk

transparegi §f£gfnmgiﬁf§iéhéi6hﬂék&!ySta' di splay elenment 5 - according to

the present rnventio SO a projected image can be provided that is

bri ght er FLhig gdevigeidstPgsfal MVEplap el eéeet 1P| aveaatintto

el enent . %ﬂﬂ%gg%ﬁent 10) gﬁbodiﬂ%ﬁt 10 ofﬁ%ﬁg pr esent inventioﬁng?OVides a

l'i qui d- cr ¥sabal iként P6 B d N1GRudAY cegstal dospliaydebaheyt Uke addeanksiimgudioi on)

As shown in Fig. 13, a liquid-crystal projection device according
embodiment 8 is employed, the output light is divergent light.

\“10 Projection'lehs'3l is therefore adjusted such that this divergent
light is brought to a focus on screen 51. |
Also, in this embodiment, the image is observed from the rear side
of the screen, so the image that is projected on to screen 51 must:
be ihverted compared with embodiment 1. Projection lens 31 is

15. therefore constructed so as to invert the projection image before
displaying it. |
Frame 41 is constructed such that.liquid crystal display element
1, projection lens 31 and screen 51 can be arranged at suitable
distances. |

20 In order to enable the image that is projected on to the screen
to be observed from behind the screen, screen 51 is constfucted
of for example a semi-transparént film or a resin plate having a
Fresnel lens.

(Action)

25 The image that is output from liquid crystal display element 1lis
focused on to screen 51. The observer observes the image displayed
on screen 51 from the rear.

For example, if the diagonal size of liquid crystal display element

1 is assumed to be 33 mm (1.3 inches) and the magnification factor
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to thls g@ty@@i Atoweenprises a red liquid crystal di splay elenment 1R a
green liquid crystal display elenent 1G a blue liquid crystal 15 display
el enent 1B, a red wavelength film70R, a green wavelength film 70G a bl ue
wavel ength film 70B, a dichroic prism®60, a projection lens 32, a frame 42
and screen 51. Hereinbelow, of the three primary col ours enpl oyed in this.

embodi ey pagheedlicRl ERE! 51T £ Addithdd (S AR 2901 IRER! | cEhDYirRdde X ng

t he sufflx optlca 20 elenents relating to green col our fix

G and 0@15@&' X?deﬁﬁ%br%@na.‘il 411 oS b e Y1 §YzE 0 o5k f(iDs |3 inches).

respectively. liquid crystal display el'ements 1R, 1G and 1B, there are

appl i ed With €hdsyenBbdidmeptay £3 eleuyrsibeab pdivie ey endgpPes y\.tcbfewed
organi c el ectrol um nescent element that emts |light of red colour, 25 an
or gani ¢ elretor al transsaeent doreen ushay @Miigaid girysctfalgddzsplaplalmmmt an
organi c el ectrolum nescent elenent that emts |light of blue colour, as

| i ght 5sowcoerdimgeter thehpresente ioventfionct sonabprojertedi tmagensanbenust
be varied, since the emitted Iight shows sone degree of divergence 48
when 1f @r@videdshasi 18 brightier $haa withor devige 4pisgeareenyert ionatke
nuneral 15 in F|g 9) are applied to a liquid crystal display elenment.

Al so, a 9l&F qg-r“}‘@-tn@l CgndpiedpmenEnent i s enpl oyed in which the 5

wavel engt he tted light is adjusted when 1c, 1f, 1g and 1lh
i ncl udi nd ES&’@Q:W“S'I ®r ol umi nescent el ements (reference nuneral 12 inFig.

e | st heie 10 4 Y A et BBl o BRI AeR A LA S U Er PR G
cr\\gigl C:%ée%*:.%lx\e%%clal?’fojrocotl@ﬁr }gbgggt QFEegl on of the emtted Iight

of organi ectrol um nescént el énment Is'set to red. As in the case of
liquid cricdmderdictilony el ement 1G the wavel ength region of the

As shown in Fig. 13, a liquid-crystal projeétion device according
to this embodiment compriées a red liquid crystal display element
1R, a green liquid crystal display element 1G, a blue liquid crystal
15 display element 1B, a red wavelength film 70R, a green wavelength
film 70G, a blue wavelength film 70B, a dichroic prism 60, a
projection lens 32, é frame 42. and. screen 51. Hereinbelow, of the
- three primary colours employed in this embodiment, optical elements
relating to red colour are denoted by affixing the suffix R, optical
20 eleménts reiating to green cdlour by the .suffix G, and optical
‘element relating to blue colour by the suffix B, respectively.
As liquid crys'tal' display elements 1R, 1G and 1B, there are applied
liquid cryétal display elements respectively equipped with an
organic electroluminescent eleitle_nt that emits light of red colour,
25 an organic electroluminescent element that emits light of green
colour or an organic electroluminescent element that efnits light
of blue colour, as light source.
However, the degfree of refraction by projection lens 32 must be

varied, since the emitted light shows some degree of divergence
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em t'ted |'ight of organic el ectrolum nescent elenent 12 is set to green. And
in the caS@78M3POd@W® crystal display element 1B, the 15 wavel ength region
of the emtted light of organic el ectrolum nescent elenent 12 is set to

bl ue. Specifically, the distance between dielectric mrror layer 121 and-
reflecting electrode |layer 126 is adjusted after selecting the material of

| umi nescent |ayer 125 of _organic el ectroluninescent 20 elenent 12. :

Al t hough, viheny ﬁé@@?aﬂﬁoﬁnggﬁﬁépgiénf€P§ﬁEﬁﬂd§3méFr8ﬁBBEiﬁ§ﬁ§Y4eéﬁment

pol ari zation conversi on el nt .14 of enbodi nent .5 is enpl oyed, .a

hol ar i zat i(G LSRRG PURCEALnLAL LR LTS 10 GRS SPBY 165V FRQR ol HoR 43| SEYS
selective reflectiqn function over the entire visible |ight region, use of
a polarizgﬁﬁgﬂagbﬁa "M el ement 25 having a polarization selective

it 552%83‘1%?5”'3% %ﬁgﬁalﬁﬁo%riggﬁhgE?Sﬁxﬁ'ef?%%‘?fééi% Bl ”%? TR e
abert ol oneusae i, O FReP ERAKRA, 1308¢" 2870t TaRERa Ry HEE PR, g RO

reflecti ofplhgvanding bidg@nidSe1ettsbldhinBEcBhe’ 8l efentse(Baketanadl Ust ed

such that 1ts reflectivity Is owest when |ight of that colour 1s input.

For exanpheme2@1Ur: FRMHid.S4 ehlieri£d93® Regl 2 19aidwing AhopAfivaanesd dredece
condition 5 in respect of light of wavelength 610 nmin the case of liquid
-crystal distpuatutiecaret apBlied hasghet 1aGulidgbrystadadesphayheldmentiin t he
case of liquid crystal display elenent 1G and with respect to |light of
wavel engt Spécd fdmaildy,hdncabe oaski qfii Hiquidt arysitadl displayealedént 11R,
Wavelength films 70 areconstructed using a glass glate or plastics plate.
Red wh@el &bet wavelenpgth regdenscifuthedendtiedt dightcafaprganic

oftransnittin.quﬁtqfredmavelength. G een wavelength film 70G
. electroluminescent element 12 is set to red. As in the case of

liquid crystal display element 1G, the wavelength region of the
emitted light of organic eléqtroluminescent element 12 is set to
green. And in the case of liquid crystal display element 1B, the
15 wavelength region of the emitted light of organic
electroluminescent element 12 is set to blue.
Specifically, the distance between dielectric mirror layer 121 and
‘reflecting electrode layer 126 is adjusted after selecting the
material of luminescent layer 125 of organic electroluminescent
20 element 12. Although, if polarization conversion element 13 of
embodiment 4 or polarization conversion element 14 of embodiment
5 is employed, a polarization conversion element could be employed
having a polarization selective reflection function over the entire
visible light region, use of a polarization conversion element
25 having a polarization seleétive reflection function for a specific
wavelength region only enébles the efficiency of utilisation of
light to be.improved. o o
Also, if a microlens array element (15, 17) is employed, the lens

is designed such as to reduce aberration when light of that colour
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S bonstrﬁ§§9ﬂ3§@1§ﬁoto be capable of transmtting |ight of green

wavel engt Bl ue wavel ength film70B is constructed so as to be 15

capabl e of transmitting |ight of blue wavel ength. Wavelength filnms 70R
70G and 70B can be renoved fromthe structural elenents. Dichroic prism60
I's constructed to be capable of conbining the imges fromliquid crystal

di spl ay ehﬁ’%‘iﬁ&th@u&%l@ﬂw&% tRe "RE £l élod B préveiding PLLAM B8R 172)

constituted assenbllngaplurallty 20 of prisms, formed wt dlelectrlc

mul ti -1 ayge f;hérmlébaleﬁefépsﬁeﬁtgiﬁ adjustepadalr sieatel ity e flledtisity
boundary faces. For exanple, film60R is constituted to reflect |ight of

red wavel gsgtibwestl whehr 2ighttofi ghat ofobouerisaimpengt For Exampd®B i s
constituted to reflect light of blue wavelength and to transmt |ight of

ot her 25 adgustmepthis ePfe¢ted sorad tosaldsify the afpreneptihonedsarditgion
projecting a conbined i mage fromdichroic prism60 on to screen 51. Wile
only dne nermspemgﬁAmqhtt%WEWQ&ﬁagthtG ondokhe gaserkLdguad orystal
plurality of |enses. Frame 42 is constructed with a volung ca able of
cont ai ni nglgpﬂayhslspen§ailRe| dnerespest (of sLighe P heftvelenddy -’%ﬂ
same as that described with reference,to enb I ment ctJ The
i rages t hxheaFaseuphl i‘-éﬂuf‘-@oﬁ*F'Y?Eﬁ}ogt?%?ﬁle ‘E?)‘P‘éylg%‘l %eéﬁ:d 1B

t hr ough velength films. 70R .7 and., 7 to_dichraqi.c :

of Iight "5p Jrﬁ%ﬁ'F &f[ptféf’ﬂ&nﬁ?’f‘r?gﬁy “8‘0%‘635’5‘? C3RE ?ég d[éQQQa ecétﬁgag’gy
film60R %tcl gi ﬁ]h_rq'gc prism-60. The 10 blue light i's reflected by film60B
of di chr ol PPSm60. The green light is reflected by neither film60R nor

co ?ggt PS*% ?.e{nﬁg:ﬂuﬁflﬁgtﬂb YN '&ns‘%%u%trei‘%fﬁ'éing AgL B DI AbPPh ¥t ics
plate. Red wavelength film 70R is constructed so as to be capable
of transmitting light of red wavelength. Green wavelength film 70G
is constructed so as to be capable of transmittihg light of green
wavelength'. Blue wavelength film 70B is constructed so as to be
15 capableof transmitting light of blue wavelength. Wavelength films

70R, 70G and 70B can be removed from the structural elements.
Dichroic prism 60 is constructed to be capable of combining the
images from liquid crystal diéplay elements 1R, 1G and 1B. In more
detail, dichroic prism 60 is constituted by assembling a plurality
20 of prisms, formed with dielectric multi-layer films that reflect
light of a specific wavelengthat tﬁeir boundary faces. For example,
film 60R is constituted to reflect light of red wavelength and to
transmit light of other wavelengths. Film 60B is constituted to
.reflect light of blue wavelength and to transmit light of other

25 wavelengths. |

| Projection lens 32 is adjusted to be capablé of projecting a combined
:i.mége from dichroic prism 60 on.to screen 51. While only one lens
is shown in the Figure, it could lbe constructed of a plurality of

lenses. -
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l.i ght -of "these three colours is enmitted on the projection |ens 32 side of
di chroi c $2V8M3BO12WAI s image is magnified and projected 15 on to screen
51 by projection lens 32. ‘The image projected on to screen 51 can be
observed by an observer fromthe rear side. For exanple, if the transparent
liquid crystal panel is constituted with a diagonal size of about 63.5 mm
(2.5 inches), rear projection screen 51 is formed with a diagonal_ size of
about 1 nFraBsuf24dsoconshrneted withiea cvobure grrableiqh qontaidningiaddnt
10, liquid crystal display elenments according to the present invention are
provi ded FBe QBEHCBFiﬁE?WeEBFOBﬁ thést gekedipentonbi ned to produce a col our

| mge, so, CO ed wi.th the ca re iJlumnpaiion is effecte (th a 25
singl e orﬁﬁﬁ?ggg]eéﬁﬁ%ﬁﬂﬁﬁ?eﬁﬁagﬂgﬁﬁﬁﬁl Y’E‘th:%‘vctﬁ’%eélq§ Bﬂt‘?’&ﬁ’%e@m er
col our irrgge can be di spl ayed. (Enmbodi nent 11) Enbodi ment 11 of the present
I nvention”provides a construction of a liquid-crystal projection device for

col ourg di ZRE@X g fferent 51 from enbodi nent 10. (Construction) As shown
in Fig. 14, a Plauid-crystal proj ection device according to this enbodi nent
has practipgal §y. SaE n ' t gk d4 C I RHidson
devi ce of Tg%bid'ﬁ?ér%ﬁt 10. a%\/\gégﬁﬂtéﬂgf mt}{lgug'rd yg?gth%o‘Jﬁ%ﬁ?éo%@&%w ce sgf

this enbogRyent andl 1HM{tYSudt Quvetdnychhr fim€7losst 708 dAd OB 88 -dildhrd i
differs fromenbodinent 10 1 n that there is provided a screen 52 in place

of screenppismf 60nhedi imaged Oof aDighdi 6f | Shé trussedtive Pinkry Kdlours.
Reflecting mrror 80 is constructed so as to be capable of reflecting Iight
from proj eThe ared drighi? isnref beceed ign fdlmw 6 gRtofrjlohrodict priempée: (The he

opvloaXI lsaiue light is reflected by £ilm 60B of dichroic prism 60. The green
light is reflected by neither film 60R nor 60B and passes through
both films. As a result, an image obtained by combination of the
light of these three colours is emitted on the projection lens 32
side of dichroic prism 60. This image is magnified and projected
15 on to screen 51 by projection lens 32. The image projected on to
screen 51 can be observed by an obserﬁex from the rear side.
For example, if the transparent liquid crystal panel is constituted
with a diagonal size of about 63.5mm (2.5 inches), rear projection
screen 51 is formed with a diagonal siée of about 1 m (about 40
20 inches).
As described above, with this embodiment 10, liquid ci‘ystal display
elements according to the present invention are provided for each
primary colour and these are combined to produce a colour image,
so, compared with the case where illumination is effected with a
25 singlelorgahic electroluminescent element emitting white light,
a brighter colour image can be dispiayed.
(Embodiment 11)
Embodiment 11 of the present invention provides a construction of

a liquid-crystal projection device for colour display different
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Screen 52 is constructed so as to be capable of projecting the inmage
refl ect edSBHYIMIPPLAWPng mirror 80 such that it can be observed from15 the -
back face. Frane 43 is constructed so as to be capable of arranging the
various optical elenments such that an i mage of suitable size can be forned
on screen 52. (Action) 20 This is the same as in the case of enbodi nent
10 as far as the emission fromprojection |ens 32 of a conbined inage
obt ai ned Syomoembadimental@s of the respective primary colours. This
conbined inmage is reflected by reflecting mrror 80 and is projected on to
screen 52(CPRSBFREELPB) project an i mage of the same magnification as in 25

er ighﬁgieigﬁﬁﬁaﬂi@%ﬂﬁ 't 1?:%31 e PeRapy b bt e il
51 i : ' t 1 j [Ss [ | : hspl
ol erent HRCBRAP nBRERL LR e AR EATT R T s cauff bl R kP ©
D2 i : ; ' | gh
Col our® | nitigrehaRAL P IATEIOE Lot AL, peignt o} TiiRrevel £ Qi O

CO”VGX'SUiﬁglﬁi?ﬁgg}gé%li reﬁe&ﬁsﬂ dsvibe befLREsi BfbSAInORL iHerurensris

further nag by this“reflection, so large image magnification can be

obt ai ned g&f@f}ihédt hecdi at 2BELeLBihheMOPLOE 881S 1tS iy diffexs fioxce the
i mage produced by reflection by the reflecting mrror can be inverted, if

t he i mage eibalineneniiot ¢d tha®t therer bseptovidédns seseémVE? tiod,pldve of

further inversion of the image 10 .enables it to be corrected to a

non-i nver segeenndd. of Esimbddiment12), Eahddthiéat ig2sboredeinr Exame 4dvention

prqxldes a |liquid-crystal . .

10 Reflectingmirror 80 is constructed so as to be capable of reflecting
light from projection lens 32 in a direction at right angles with -
respect to the optic axis.

Screen 52 is constructed so as to be capable of p]_:ojecting the image
reflected by reflectirig mirror 80 such that it can be observed from

15 the back face.

Frame 43 is constructed so' as to be capable of arranging the various
optical elements such that an image of suitable size can be formed
on screen 52.

(Action)

20 This is the same as in the case of embodiment 10 as far as the emission
from projection lens 32 of a combined image obﬁained by combining
images of the respective primary colours. This combined image is
reflected by réflecting mirror 80 and is brojected on to screen

'52. In order to project an image of the same magnification as in

25 embodiment 10, the distance on the optic axis from projection lens
32 to screen 52 can be made equal to the distance from projection
lens 32 to screen 51 in embodiment 10.

Wwith this embodiment 11, liquid crystal display elements according

to the present invention are provided for each primary colour and
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projectio ' colour display different fromthat of enbodi nent 10.
15 (Cbns??ﬂgﬁ#gﬁ}Eﬁé shown in Fig. 15, the construction of a

| i qui d-crystal projection device according to this enbodinent is
practically the sane as that of a liquid-crystal projection device
according to enbodi nent 10. However, a liquid-crystal projection device
accordi ng hj i | r ' '

i nst ead thgs%cérlfe%n mﬁ]}g&%{—g%g?gt&éﬁ %%i@f%@r%&%&aé%%f%%%l%rﬁ

10, an ext I regn ' ranged to be capable of being projected on
to. Proje%@%gg Féﬁss 4d?gP%§¥g%ged to be capable of projecting a conbined

i mge on h9s8XtEhERE ¥ tBRNadPantlgbhikat) A @ cbhveg-SapEhtéatRir2dr s a
single prOJecflon | ens, but an asséenbly of a plurality of |enses could be
used. In pabiigulods tHe réifieetiagmibroespnd imadendssturehef aragridieet i on
on to an external screen is not fixed. It is therefore constructed so as to
focus mt phatRierreéfbécuien s sedary® inager mageiifics8ion Gimdee fohtadned
does not contain a screen within the frame, it is constructed so as to be
abl e to ceweai afl thei distancel oni theagptienanis 1iswahertngth film 70,

di chroic prism 60 and projection lens 34. 5 %Actign) In this enbodi pent,

| i ght thaflse,esiincedtheoimpgej prefluaedchy Baflecpienckycihgnredlectingen
arranged outside. The magnification factor of the ipage varies_dependi ng on
t he const MGELPEnCER Pﬁelp¥ﬁ§téﬂ'piéj55?ibﬂagﬁnEhéﬁ.éﬁde?ﬁEtﬁgsfﬁﬂﬁegB%tmeen
projection lens 10 34 and sqgreen 5Q. .described .above,. with this,

enmbodi menPr?3 ,e°§1PPqi?H§ g t’é‘lveﬁﬁ:ﬁ%ecéﬁbﬁ FReE MY IS L9, 9 'Il%déﬂevm%e

do%f)fgt enap182" 3tt3 be corrected to a non-inverted image.

(Embodiment 12)
Embodiment 12 of the present invention provides a liquid-crystal
projectioﬁ device for colour display different from that of
embodiment 10.
15 (Conétruction)
As shown in Fig. 15, the constructionof a 1iquid-cr_ysta1 projection
dévice according to this embodiment is practically the same as that
of a liquid-crystal projection device according to embodiment 10.
However, a liquid-crystal projection device according to this
26' .embodimrenf...diffei:s from embodiment 10 in that,‘ instead of a screen
being incorporated within the frame as in embodiment 10 , an external
screen 50 is arranged to be capable of being projected on to.
Projection lens 34 is arranged to be capable of projecting a combined
image on to external screen 50.. In this Figure, it is constituted
25 by a single projection lens, but an assembly of a plurality of lenses
" could be used. In particular, the distance with respect to the
screen for projection on to an external screen is not fixed. It
is therefore construct_ed so as to focus at whatever distance screen

50 is arranged.
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screen. (Qther enbodinments) 15 It should be noted that, although, in the
present ePDHOWIIRMNZWO, f| at pl ate-shaped transparent |iquid crystal panel
was enpl oyed, so the organic el ectrol um nescent elenments were also made in
the formof a flat plate so as to illumnate this liquid crystal panel
evenly, if the display surface of the liquid crystal panel were 20 for
exanpl e curved, the organi c el ectrol uni nescent el ements f@'(f)u'séj al so .he,

def or ned Sine’ fram@idh dars Dot soAtaRR 2 SFFERR YiHHR S STameydd 1s
Al so, so Iong as th front-sidg rric:[)ol ens_arr a £Nnen
Y P8 AP

: -, Sid
m cr ol ensCARFELUCHEARFP 3Dt % e e tcéxeégaz]ssdlseplay

erbod, merFLensihef - cetee Fend Pl e B 1t A 1 i ) 3n e
APPLI CABI LI TY $ynce, with the present invention, a flat plate-shaped
organic e 8B§r‘?llﬂm' nescent el enent is enployed whereby a | arger anmount of

54 giglﬂﬁ E?Qn e obtained with | ower drive voltage than with the
conventi onar Ight source using inorganic material, a liquid- crystal

proj ecti ofndeyi § entfoditidrt ,S14ghtathle D @lidaddvEebabyrejeet 6h Tensrage

t han conventionally can be projected. 5 Also, according to the present
i nventionjsi préfe@teande € eciscilewti aegangedebetsidei s Ep magnd fiaatigm

resonator structure that emts light with better directionality of the

em tted | fgbtorhaf thavimagenearjes odependimgiah crlyes teonstanst iah mhdtheon

of the quantity of |ight due to divergence of the |ight can be 10

pr event edlemalohprotjeptionblens d4pand ithe distance bhatieen ppeipetierndansi ce

of  spal | size and that can be driven with | ow voltage and whereby a bri ght

i magelGan3Beapdopereen. 50. , '

' As described above, with this embodiment 12, a liquid-crystal '
projection device can be provided which does not incorporate a
screen. |
(Other embodiments) '

15 It should be noted that, although, in the present embodiments, a
flat plate-shaped- transparent liquid crystal panel was employed,
so the organic electroluminescent elements were also made in the
form of a flat plate so as .to illuminate this liquid crystal panel

o -evenly, if the display surface of the liquid crystal panel were

20 for example curved, the organic electroluminescent elements could
also be deformed so as _td match the surface shape of the liquid
crystal panel.

Also, so long as the front-side microlens array element, rear-
side microlens array element, polarization conversion element and

25 transparent liquid crystal panel can provide the functions set out
in the embodiments, other constructions of these could be employed.

INDUSTRIAL APPLICABILITY
Since, with the present invention, a flat plate-shaped organic

electroluminescent element is employed whereby a larger amount of
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Si nce, ac i he present invention, a polarization conversion

el enent i§82§%3§9igwéhat can convert the polarization 15 condition of
emtted light, a liquid-crystal projection device whereby a bright inmage
can be projected can be provided, by increasing the amount of |ight that
~can pass through the polarizing plate of the liquid crystal panel.

| f*ﬁéé_re;f ijiﬁa f‘%aﬂﬁ%ié‘%ﬁ%ﬁé&éﬁﬁke iv«”fx? l ?JE B fﬁate%%&f?%raﬁvé’%ﬁé;} ﬁ:a
0l ar i nGoRYabELapat pEuant, P EFR PR1S HhPoad [End Ot o AfY
pol ari the PRAAETy: _ _ |
oright | negEosah BESTPEPIoNCNeTEee of ALY €hd el 1 RSB RHRRE 1y

ight i's LOBuseHaR iRabbCtRhXCLoRPEALIBASIE) LAR bé Wis Seyadal panel

according to the present invention Increases the ano i ght that can

pass tdﬂ_rOﬂﬂéo'}hSc@b%&inépﬁétHﬁé%{aré@éﬁ@b.‘{n\?éﬁ@iéﬁg 2f lAWEgegystal
proj ection device of small size to be provided whereby a bright 55 I mage

can be prejeetedluninébeent Obbehent DE émpDbped hawieg af Cfdsbrrdl® t he
present invention, use of a small |um nescent el enent whereby, due to

opti cal rstpaabuee thatyehighl ightspieh bettenddrecgtionad ityidf ele®emitted
i ncreases the anount of |ight of specific wavel ength thereby enabling a
| i qui d- cr ¥éght than conventdonadd yotosthe [1isjude coybtaprpanelkd dimimethion
ori ght inggetﬁgnqggnggg§e§%egiggg dueTEésd§$§§;e£ﬁg g?eghékiiéﬁﬁxtan be
10 prevented, making it possible to provide a liquid-crystal
- projection device of small size and that can be driven with low
voltage and whereby a bright image can be projected.
Since, according to the present invention, a polarization
conversion element is employed that can convert the polarization
15 condition of emitted light, a liquid-crystal projection device
whereby a bright image can be projected can be provided, by
increasing the amount of light that can pass through the polarizing
plate of the liquid crystél panel.
According to the present invention, siﬁce, in projection of a colour
20 image, a'polarization conversion element is employed that functions
in a specified wavelength band, the amount of light that can pass
through the polarizing plate of the liquid crystal panel is
increased, enabling a 1iqﬁid-crysta1 projection device of small
size to be provided whereby a bright image can be projected.
25 ©Use of a microlens array element whereby light is focused on to
the pixel apertures of the liquid crystal panel according to the
présent invention increases the amount of light that can pass

through the pixel apertures, thereby enabling a liquid-crystal

projection device of small size to be provided whereby a bright
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What is %@H@d szgﬁé A liquid-crystal projection device having a |iqui d
crystal éll nt conprising: an organi c electrol um nescent el enent
constructed by 5 sandw ching an organic thin-film el enent between an

el ectrode | ayer that reflects light and an el ectrode |ayer that transmts

light; and a transparent liquid crystal panel that controls the
transm ssi on_of ht emttq_fc{roma face of the organic 10

el ectrol l}rﬂa}%escceatﬂ eq A The 1iquid- cryst al projection device
accordi ng 4 q:hcé J]ﬁ ad i t atah% qlo%e}nl al Qc tl’:@&ln%y%?hg cg, % &H_t ed as

a white Iumnes rystal

pr oj ect %xfte%lvqlt%%% 295 4% hel a'l%%esclan‘ﬁ’”%ﬁ.%hl@ntth%h] LGB, C gladl Bof i1 m

| ayer i s const successivel'y stacking prinar our “I'um nescent

layers ”bi{tfc%‘-ip%gédfﬂdéeemotn aRighef o'f%ﬁ@&&ﬂé WQV@&EHQEH ié%ﬂi‘été?& a
plurality of prinmary colours nécessary for colour display” 4.

l'i qui g- critfdridadds0jtafd iaioudny ioFe 19GHe @lfn@tp%@ iFlied RMaZ@lbnytar Q'h@rbb?
organi c el ectrol um nescent elenment is constituted of a transparent

el ect r odeerdableing e liyjuigi-z rystadp predectibat devecet bE smgahi sikbi tofbém

| ayer overlying this transparent el ectrode |ayer and an el ectrode | ayer
over | yi npprdwidedyatieraly = fhidightajyimagendaphbe pebljected.i ght emitted by
the organic thin-filmlayer. 25 5. The liquid-crystal projection
devi ce according to claim1 wherein the organic el ectrol um nescent el enent
conprises: an electrode layer that reflects light emtted fromthe organic
thin-filmlayer; a transparent el ectrode |ayer that sandw ches the organic
tI’H_? filmlayer between itself and this el ectrode |ayer; and a

ha mrror |ayer provided on the optical output side from
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t_hi‘s tran e)tvﬁgtrode | ayer and that reflects H
light thr 12 nsparent electrode layer into t .csaeeetcl_}aggde Iq%g&',

while transmtting the rest of this light; and 5 the i R N this
hal f-mrror layer and the el ectrode |layer is set to an mLE“ nce
that produces resonance of the light in question. 6. I st al
pr oj ectiog devi ce ﬁccorgi ng_ to any. one of clains 1 to 5 wherein, between
the orga \ nt 10 el enent and the transparent liquid
crystal panel fherey ! ps b d ely LN | sl PRI d AR L AR | Il errent

that converts the polartzZation conditi of emtted light fromthe organic

el ectrol L@}fﬁé&f%}%lﬁ;ﬁr@le@m t din FENERp ent liquid crystal panel is

provi ded wi a pol ng plate that transmts light of 15 specified

pol ari zation condi ti@rorgdnideel é@ttoRiiisstarit cslaneatti ngpridumugted hy

pol ari zation conversion element. 7. The |iquid-crystal projection device
accor ¢ NgssAdwichihg anerfamid Bhipolfalinzellénentcbeveeen@n el ectnodedayerses:
a circular polarization selective reflection filter arranged on the organic
20 el ect tphvnietbeets kighterindsadeededtrode layércthabigansmilisadiight;

pol ari zed conponent of right-handed circularly polarized Iight and

| ef t - handandcircul arly polarized light and that transmts the other
circularly polarized conponent, and a 1/ 4 wavel ength plate that converts
circularly polarized |igattxanspaeent limnid iskestalymansl that qentrols
converts linearly polarized light to circul arl olarized light. 8.. The
li qui d- cr {BeaFrpREpLeeien ‘aﬁvlb%hﬁc%?*ﬁ?ﬂ‘g EJEP%I% #’ﬁ‘%e rfel?% hdanic

pol ari zati on con i on el e’ma£t conprises: a linearly polarized |ight

sel%’éltqvee;-éFFEEi&’E}in??F?BF &rPanded on the 58 transparent |iquid
crystal panel §|.de @ﬂg ff‘f&id—och}é%%lpsggﬁQg'tﬁﬂha&evice according to claim

1 wherein the organic thin-film layer is constituted as a white

luminescent layer that emits white light.
3. The liquid-crystal projection device according to claim
15 1wherein the organic thin-film layer is constitﬁted by successively
stacking primary colour-luminesc'ent layers that respectively emit
light 6f respective waveléngth regions of a plurality 6f primary
colours necessary for colour displayQ
4. The liquid-crystal projection device adcording to claim
20 1 wherein the organic electroluminescent element is constituted
of a transparent electrbdé layer ove_rlying a transparent substrate,
the organic thin-film layer overlying this transparent electrode
layér and an electrode layer overlying the organic thin-film layer
and that reflects light emitted by the organic thin-film 1éyér.
25 5. The liquid-crystal projection device according to claim
1 wherein the organic electroluminescent element comprises: an
electrode layér that reflects light emitted from the organic
thin-film layer; a transparent electrode layer that sandwiches the

organic thin-film layer between itself and this electrode layer;
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pl ate that converts circul light 5 into linearly polarized

| ight and that converts Ii ed light into circularly polarized
light. 9. The liquid-crystal projection device according to any of clains
6 to 8 wherein .t pol ari zation conversi.on el ement. conprises .a polarj zation
6l ecti veapart it sirad ek BERYIaRCoaotRE obt EERT Pt HAS R o
wavel engt 0] ' | LS ecifie | zat | on dition
and r_efle*cg]flgs'sl#gﬁ?séé‘@%?ﬁe%f%%#g&?%ﬁ?%n C rﬁ%iﬁ%%sge%é%eﬁl?%ﬁ%%ﬁstaI .
proj ecti og ' ' | ryg;?:g ' MESdY '

el ectrol u%nﬁgﬂsﬁég tf‘%ﬁlgﬁng%l?ﬂ%é} %@é%r S%I&enétjf% I qui J{' ?%ﬁ%ﬁm&%néﬂt{e
there is gyetbpbqer pyyéeed ﬁii@“ﬁf&ﬁ&ﬁiﬁ'&fﬁ?'ﬁ{@ A6 £ SR YIRS ldhd

m crol ens elenents that collect output light fromthe organic _

el ect rpl UFhERBEIGRIHNKR]! BEBREeR th iy halsefi £96F ABUIANG the e18t¥idgalldyere! s
of the transparent liquid crystal panel. 20 11. The liquid-crystal
proj ecti ofistemt @® anaspticyl idistiadicd thavhereducdd e dsonandecogt theflilgha

m crol ens el enents and the distance between the front-side mcrolens array
el enent - ahd ¢hestionui d crystal panel are adjusted such that the apertures
of .the individual pixels of the transparent liquid crystal panel are 25
arranged in thé.vi cThetyighidherysbal spxejection pigvicefaqdarding demny

el ements. 12. The liquid-crystal_ projection device according to any of

cl ai ms 10°08¢ oficlpipe il te Ravhereina PefwerndhieioEggnigielaataoclagingssantan
O'pkifcagl screeni ng ecye nt t hat transrn',ts,licgrht t hat 59 | 11111 111111
1177 191 t

Iihéarly‘ I npopent s, L.efl ne linearly polarized conponent
and trans %@%%@%@ﬁer ’ﬁﬁﬁﬁi{jeﬁmcgd conponent, and.a 1/4 wavel ength
| r|ﬂ E
|
Ll

1¢4¢ment "an e transparent liquid crystal panel there is further
provided a polarization conversion element that converts the
polarization condition of emitted light from the organic
electroluminescent element, and the transparent liquid crystal
panel is provided with a polarizing plate that transmits light of
15 specified polarization condition, of the light emitted after
passing through the polarization. conversion element.
7. The liquid-crystal projection device according to claim
6 wherein the polarization conversion element comprises: a circular
polarization selective reflection filfer arranged on the organic
20 electroluminescent element side and that reflects one circularly
polarized component of right-handed circularly polarized light and
left-handed circularly polarized light and that transmits the other
éircularly polarized component, and a 1/4 wavelength plate that
converts circulaily polarized light to linearly polarized light
25 and that converts linearly polarized light to circularly polarized
light. |
8. The 1iquid-crysta1 projection device according to claim
6 wherein the polarization convefsion element comprises: a linearly

polarized light selective reflection filter arranged on the
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i s incident_on t erture of eaéﬁ—ﬁr;el and t Screens light that is
I nci dent %?17%]? Jo?l got her than theT? W@ pi xel . 13. The
I

| i qui d-crystal projection device acc f clains 10 to 12,
further conprising a rear-side mcro enent constituted by
arrangi ng, correspondi ng to individual plxels m cr ol ens elenents t hat

fiﬁﬁ[ﬁ:ir%ﬁ%&%ﬁ%f g il ; "L 53080 Enatly sth 46 pa‘%%%‘ ieRger

thro t t

:iqui’ﬁ o Gota P Dt e b omES S o rﬁ%ﬂ%%ﬁ a‘f'}ﬁ 1131%%%1?19{ rptzeln%rlrzo

ength o d

mdc?ol egscslhﬁay e gérrgant Ieér? #és tfq{gré%gﬁlgn Lrfié}qw cryst ﬁtéapgr?%&%glrezk ©

a te

ofJ;J?\e 1 éﬁl‘?ron?@twé Toga: %%igﬁ?% t.’hﬁemr’égﬁm u?ﬁrgrggéﬁ%ég Jz'egrrgr]ft Ltmty

The [ isqui ﬁéﬂitzfﬂaﬂ@obsﬁﬂ?ﬂeé%élﬁ: aﬁa%m@&ome&u Pinééﬁl oh(aztﬁehfl
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wher ein, between the organic el ecttol um nescent el ement and front-side

mi cr ol ensmgnaymt@rreﬂfcuwﬂf péléﬁiié@flﬂfml ded a polarization
conversion el ement that converts the 20 ari zation condition of |ight

that is output9fronThéel dygid+creseal rmtmjnammmrdewicmrmuqommg He any
transparent liquid crystal panel conprises a polarizing plate that
transmi t sofi ghaimé 6ptai 8iwhepeinrthatpobacizat i¢nrcomverston | ghementat is
out put after passing through the polarization conversion element. 25
The ¢omprises ypalapisptiongekrative gefdegrigntbikier whad WERE &ihe t he
#‘T’ i zation conversion element. conprises a circul ar, polarization selective

dd i opmittedr lightngb R otPePEE g armeleﬁrrafm dﬁﬂﬁ%s dansiidi idite
?P?CLPg 19 %%%;Q%glﬁ.ﬂi i%ralz%eg?.lagrcon tionand ¥ ectsgflghr@og oq:her
polarization conditions.
10. The liquid-crystal projection device according to claim
6 wherein, between the organic electroluminescent element and the
15 transparent liquid crystal panél, there is further provided a
front-side microlens array element wherein microlens elements that
collect _oufput light from the organic electroluminescent element
are arranged corresponding to individual pixels of the transparent
liquid crystal panel. |
20 11. The 1i§uid-crysta1 projection device according to claim
10 wherein the focal length of the microlens elements and the
distance between the front-side microlens array element and this
liquid crystal panel are adjustéd such that the apertureé of the
individual pixels of the transparent liquid crystal panel are
25 arranged J.n the vicinity of the rear-side focal point of the
microlens elements.
12. The liquid-crystal projection device according to any
of claims 10 or 11 wherein the transparent liquid crystal panel

comprises an optical screening element that transmits light that
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circularly polarized light into linearly polarized | converts
linearly polarized light into circularly 5 polarize he
| i qui d-crystal projection device according to claim15 wherein the

pol ari zati,on,conyersi on el ement _conprises: .a_l.inear_polarjzation selecgtive
refl ecti ofSf F‘PFé&e Ts;r%mg cﬁ??#ﬂ’?@(ﬂf 2R PHEEL R ﬁs‘@?# a@cﬁ?mﬁtlé}tde
and that, _of . two .10 . perpendicular i [ hzat | , | ects
one i neait?lﬁtp{ﬁ anc n&oﬁﬂtﬁ%‘rtﬁfoﬁdogﬁgﬁs%?%@rt?’%eéggﬁ%gfﬂ%%gﬁﬁ'g j([‘:))f(galr’l zed
conponent, and 1/4 t Le &p & L& cAlh yI '

, agt : r C ; Hﬁgp _
light into Ii négr'l y Bgﬁgrgbggg PFS%?‘ gng ?#g‘geg%ﬁve?‘{gé%i neﬁ‘#%%‘%%lgéi zed
light int@eciigiharly/ 801 %) 'ﬁﬁq:ﬂérgeéamg%%ing a rebd-sidienlibgolans aStR) -
projection device according to any o alms~1, 4 or 5, further provided
\;I)Mats _gi ﬂsg Pt %rl;eglg?%?ﬁgﬁta%ﬁh@hdpbg lagkapgmngo ?o?ﬁégﬁalndﬁlrllgnﬁ?_ﬁiﬁ&ﬁleidﬁsﬂ by

assi e transparen iquid crystal panel. : e
li qui d- cr p3kel spr aliegbilensdelefentec ehditngupprebsi diRérgéficeuotheightovi ded
rnth a transparent screen whereby an inmage projected fromthe projection
ens can heansadtted thxondglhéhequiosl aperteres aftibe pigyid cirysthdrpanel,
The liquid-crystal projection device according to any of claiml or claim
4, furtheonpthe sddewwhere pligh#l isyovtphutqafiezspagsipgathapyghahel enents
that control the transnission of light of respective wavel ength regi ons of
a p!uraliﬁyf@SPfﬁﬁfﬁrQIQ@P?UF§Yﬁ§é%s§aPylﬁor golouLbQisplay; a con?ining
optical systemthat generates a col.our inmage by conbining i €s.0 rjmar
| co%ul% eni tted4fr o@?‘ﬁ%’-ﬁ?bﬁia‘l’ﬁ‘ﬁt%}- By %G%éFchﬂias‘g?%r;E’gT%ﬁ\?n‘Eﬁ?“&ndy
61

| eft-handed_citcularly polarized Iight and that transait Sl
circul arl §%§P‘3?B%gﬂocorrponent, and a 1/ 4 wavel engt Bﬁﬁ‘ﬁi ﬁ‘iﬁﬁ{%erts

13 wherein the focal length of the microlens elements and the
distance between this rear-side microlens array element and this
transparent liquid crystal panel are adjusted such that the
apertures of the pixels are arranged in the vicinity of the

15 front-side focal point of the rear—sid.e microlens elements.

15. The liquid-crystal projection device according to any
of claims 10 to 14 wherein, between the organic electroluminescent
element and the front-side microlens array element, there is further.
provided a polarization-conversion element that converts the

20 polarization condition of light that is output from the organic.
electroluminescent element, and the transparent liquid crystal
panel compriseé a 'polarizing plate that transmits 1light of specified
polarization condition, of the light that is output after passing
through the polarization conversion element. '

25 ~ 16. The liquid-crystal projection device according to claim
15 wherein the polarization conversion element comprises a circular
polarization selective reflection filter arranged on the organic
electroluminescent element side and that reflects one circularly

polarized component of right-handed circularly polarized light and
[
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‘a bTojecti t projects on to a screen a col our | Mg &y,
t he conbiﬁgﬂanggﬁ}égs system 21. The liquid-crystal prOJeCtI Iﬂggﬁg&mlmﬁd
according to claim 20 wherein the plurality of organic electro |“
elements 5 are provided with an optical resonant structure.

:qu|g-crystaI projection devi ce conprising, for each prinary colour

iquid cr I l.a nment s cl udi a
ol rent e rhaniBg R e ruonaler LerRaiary ahf sBeEd it %%qer

I ght of res h f
col ours n8&§§§§%§1¥0%¥ F%ggad?élggbggﬁtﬂ Fo r%ﬁlsp‘g%%%é#é(qsﬁé 5 pﬁia{@é ?ﬁha&anel
that cont t8hoelRE ¢iANTALHY Ho1Ur i 'fe@"&ésgft 17 13%al .%@fﬁr?ﬁe&hﬁght
organic e ectro un1nescen Fement & urther conpri a conbi nil ng
opti cal SXﬁHEQh%Qanﬁ98§E§t§ ndaf? 0561&§1zé3392?ﬁi Eﬁﬁ@'@iﬁ@ulﬂ?ﬂ?s of
each primary colour emtted rromthe respective liquid crystal display
el emerg s, gggrgzgaongghtgn | ens that projects on to a screen the col our
i mage conglne by the“conbining optical system 23. The |iquid-crystal
projection deviige ageerDidgid-cciyytXD profjecitdonsd@dite atdndimigeto claim
conprising a transparent screen constituted so that an image projected from
t he proj edsi whetreis ttenpbrapbsat ien dommensiorepenent compyr isfes haslinear
projection lens. 24. The liquid-crystal projection device according to any
of cIa|nspbaatazaslwheseRRCthyelrqﬁﬂectnyst§l1§35pﬂ§¥a89§ﬁeﬁﬂsths further
conprise, between the organic el ectrolum nescent el enent and_th
Lranspareﬁromtqﬁﬂdecm$§ﬁaﬂeﬂénérrax ?ﬂ@ﬁﬁn§|Hédﬁ1éP@IEHétarngtUantltuted
y.arrangi ng, correspondi,ng to individual pixels of. the tr arent liquid
crystd? pReEPenicudpgndip éﬁeﬁ?éaFﬁéﬁt&SPIEBPPPHEHFthFeEﬁF Eﬁd °PPom t he

organi c el r
g e1eCt °H§”b% %&%@%ﬂ6%omponent and transmits the other linearly

polarized component, and a 1/4 wavelength plate that converts
circularly polarized light into linearly polarized light and that
| convérts linearly polarized light into circularly polarized light.
15 ;/}QF' The'liquid-crystal projection device according to.any
of claims 1, 4 or 5, further provided with a projection lens that
projects on to a screen an image generated by passing through the
transparent liquid crystal panel.
1§ 19. The liquid-crystal projection device according to claim
20 18 further provided with a transparent screen whereby an iinage
prbjected from the projection lens can be observed from the opposite
side of this projection lens.
A 20. The liquid-crystal projection device according to any
of cléim_l or claim 4, further provided with a plurality of liquid
.25 crystal display elements that control the transmission of light
of respective wavelength regions of a plurality of primary colours
"necessary for colour display; a combining optical system that
generates a colour image by combining images of primary colours

emitted from the plurality of liquid crystal display elements; and
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el efrent . 2279M8B01 dRYi dTlds Sieét EHlas Been ¢don devi ce according to claim 22
wherein the |iquid cryst I nts further conprise a rear-side

m crol ens array el ement ‘ﬁE ﬂ ﬁﬁar ranging, 5 corresponding to each
pi xel , mcrolens elenments that suppress divergence of |ight passing through
the pi xel apertures of the liquid crystal panel, on the output side of

light thas pps;jesesss 1@59991@&“&&&98@936@%0'5%99‘9@? t?}#“@?ﬁe &

The liquid-crystal projection device according to any Kiih or
25 wher ei SombEnéd OBY - €hé ecomb iRl G SopE i@y eéf.i@é}ﬁ and the rear-side

mcrolens arra enment "~of the liquid crystal- di.sbl ay elenments conprise a
reflection pred¥ntingefliquiallcisisthispedjebslionideviid aetbyilivig €o lcQwas
for |ight of wavel ength region of the primary colour allocated to the

liquid cr3gtehexeipl tlye InlurdEitentof romysmnid @lectiolultifdscdinitdelleninds
proj ection device according to any of clains 20 to 26 wherein the liquid
cryst @ dreplpyoeidedwithban vephicak resemant edteouctoired nescent el ement
and the front-side mcrolens array element, are further provided with a

pol ari zat i pn 282 conf¥ driguidl-simatal prajecthordey idrecpmpaisiagi ofox @adiht i on
of emtted [ight fromthe organic el ectrolum nescent el enent, and the

t r anspar P ALY, GPIY st diapdAFryStat diispdaynel amanps| g uding loagandiat
transmts_Jight pf specified polarizatiqn conditipn of light that is
enitted ,a?i%‘?gﬂ%:g‘i"ﬁ’g&bﬁg%ﬁ SIFMSRHT PAYLDG aR| ORtICAL ZeSANAN: Stanciugrent .

LN e PSR S S RO G L

pol ari zat conversion el ene
PRS0 PRS0 LAY o RSO LY For UBlob WML Sl
a transparent liquid crystal panel that controls the transmission
of light emitted from the face of the or_génic electroluminescent
elements; and further comprising:
a combining optical system that generates a colour
15 image by combining images of each primary colour emitted from the
_respecfive licjuid crystal display elements, and
| | a projection lens that projects on to a screen the
colour image combined by the combining optical system. |
.yl 23. The liquid—crystal' projection device according to any
20 of claims 20 te-22 further comprising a transparent screen
constituted so that an image projected from the projection lens
can be observed frdm' the opposite side of this projection lehs.
QL 24. q;_hff liqluid-crystal projection device according to any
of claims 20 to 23 wherein the liquid crystal display elements
25  further comprise p bej:ween the organic electroluminescent element
and the transparent liquid crystal panel, a front-side microlens
.array constituted by arranging, corresponding to individual pixels
of the transparent liquid crystal panel, microlens elements that

collect the light emitted from the organic electroluminescent
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wi th res‘p$§ Yolpbiigwem tted light of a specified—wavel ength region and that
reflects |1 t of pol arization condltlon ot her ttﬂa@& this. 64

N L

25. The liquid-crystal pro;ect:.on_.devme according to claim

element.
2%

24 wherein the liquid crystal display elements further comprise
a rear-side microlens afray element constituted by arranging,

5 corresponding to each pixel, microlens elements. that suppress
divergence of light passing through the pixel apertures of the
liquid crystal panel, on the output side -of. light that has passed
through the transparent liquid crystal panel.

26. The liqliid-cryé',tal pfojection device according to any
\_10 of claims 24 or 25 wherein the front-side microlens array el.ement
and thé rear-side microlens array element of the liquid crystal
di.splay elements comprise' a reflection preventing film adjusted
such that its reflectivity is lowest for light of the wavelength
region of the primary colour allocated to the liqx_xid crystal display
15 element in question. |
'27. The iiquid-crystal projection device accordincj to any
of claims 20 to 26 wherein the liquid crystai display elements,
between the organic eleétrbluininescent element ahd the front-side
microlens array element, are further provided with a polarization
20 conversion element that converts the polariéation condition of
emitted light from the organic electroluminescent element, and the
transparent liquid crystal panel is provided with a polarizingplate
that transmits light of specified polarization condition of light
that is emitted after having passed through the polarization
25 conversion element.
28. The liquid-crystal projection device according td claim
27 wherein the polarization conversion element of the liquid crystal
display elements comprises a polarlzatlon selective reflectlon

filter that transmits 11ght of specified polarization condJ.tlon'
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with respect to the emitted light of a specified wavelength region

and that reflects light of polarization condition other than this.
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