TITLE OF THE | NVENTION Liquid Crystal D splay Device, and Optical Bl ock
"BACKGROUND OF THE | NVENTION 1. Field of the Invention The present invention
relates to a projection type liquid crystal display device which

synt hesi zes a plurality of color rays of |ight nodul ated based on vi deo
data into one inmage and projects the synthetic light thus produced onto a
screen to display the imge, and an optical block for use in such a
projection type liquid crystal display device. This application clains the
priority of the Japanese Patent Application No. 2003-322300 filed on

Sept ember 12, 2003, the entirety of which is incorporated by reference

herein. 2. Description of the Related Art FIG 1 shows a projection type

1§ qui d ddydt QF'BH%pIW by way of exanple. This projection type

liquid crystal displ aé device, indicated with a reference 100, is a

sol -caIEIQﬂld'(:fWSé@-]S’ép y'Devige, amdyOpticerBackl projector. That is, the

projection type liquid crystal display device 100 uses three liquid
ﬁCKﬁﬁ@

crystalB N ReOF B¥YBMIiIng to three primary colors (red, green
and blue), respectively. As shown in FIG 1, the liquid crystal projector

100 i ndl.ud&seldrofahe poventioni ng beam splitters 101R, 101G and 101B, liquid
crystal display panels 102R, 102G and 102B, synthesizing prism 103,
proj ect i on Therpreddy invehtionstelatentcsa prajactidretypeduiuid trystal display device
which synthesizes a plurality of color rays of light modulated based on video data into
one image and projects the synthetic light thus produced onto a screen to display the
image, and an optical block for use in such a projection type liquid crystal display
device.

This application claims the priority of the Japanese Patent Application No.
2603-322300 filed on September 12, 2003, the entirety of which is incorporated by
reference herein.

2. Description of the Related Art

FIG. 1 shows a projection type liquid crystal display device by way of example.
This projection type liquid crystal display device, indicated with a reference 100, is a
sol-called “three-panel” type liquid crystal projector. That is, the projection type
liquid crystal display device 100 uses three liquid crystal display panels corresponding
to three primary colors (red, green and blue), respectively.

As shown in FIG. 1, the liquid crystal projector 100 includes three polarizing
beam splitters 101R, 101G and 101B, liquid crystal display panels 102R, 102G and

102B, synthesizing prism 103, projection lens 104 and a screen §’. In the liquid
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crystal display projection 100, light emtted froma |light source such as a
lanp or the I|ike is split into three color rays of light corresponding to
three primary colors, respectively. The split red light (R), green |ight
(G and blue light (B) are guided by the polarizing beamsplitters 101R,
101G and 101B, respectively, to the liquid crystal panels 102R 102G and
102B, respectively, which wll nodulate the incident red light (R), green
light (G and blue light (B), respectively, on the basis of video data. The
nodul ated red light (R), green light (G and blue Iight (B) are synthesized
by the synthesizing prism 103 into one image. The synthetic |ight thus
produced is projected through the projection |ens 104 onto the screen S
on whi cirystel displaygerojention Kk dight e@:ﬂ%@d Gom adight sourge saelyas adamper thot e
here that each of the liquid crystal display elenents used as the |iquid

cr yst alliksi spphy igardbtes codarays 0f Bghhdorrespendingiocbr¢s/primary solpesier al | y of
either a transmssion or reflection type. The transndssion type liquid
cryst alregpenpively. el Bnesplit rad lighe0ld) I green ﬁgbﬂ”lﬁG)f arshblaedight (B) gta guiidepbyed at

t he back thereof for transm ssion. On the other hand, the reflection type
| i qui d thepolaiziog bpeanspiitiene 1Ry 101 Gradd |18 B, réspectieely, to thetliqued crystal
reflection. There being demands for a projector with a higher definition
of di sppamgls HRR, H¥pand 1028, vespaativel yhwhichr will inglduntete ¢he invederd rédbightn
type |liquid crystal display elenent has been attracting nore and nore
at t ent i (&), greendghiti(&d andrblpe Hght @), asspactivelyj o the bhisipbhyiddevdace tTHae can
be designed to display with a higher definition and have a nore conpact

st r uct unedalatedatesldigtan(R); ghleendight ¢6) and bluelightgiyrare sfithesiead by the

synthesizing prism 103 into one image. The synthetic light thus produced is
projected through the projection lens 104 onto the screen S’ on which it will be
displayed as a color image in a larger scale.

Note here that each of the liquid crystal display elements used as the liquid
crystal display panels 102R, 102G and 102B, respectively, is generally of either a
transmission or reflection type. The transmission type liquid crystal display element
will modulate light from a back light disposed at the back thereof for transmission.
On the other hand, the reflection type liquid crystal display element will modulate
incident light for reflection. There being demands for a projector with a higher
definition of display, more compact design and a higher brightness, the reflection type
liquid crystal display element has been attracting more and more attention and applied
in practice as a promising display device that can be designed to display with a higher
definition and have a more compact structure and also can utilize light with a higher

efficiency.



More specifically, the reflection type liquid crystal display el enent

i ncl udes a glass substrate having provided thereon a transparent el ectrode
formed froman electrically conductive material such as I TO ( IndiumTin
Oxide), a drive circuit board having provided thereon reflection pixel

el ectrodes formed froman alurninumbased netallic material and a liquid
crystal layer filled between the glass substrate and drive circuit board
whi ch are di sposed opposite to each other and sealed all al ong the edges
thereof with a sealing nmenber. Al so, each of the surfaces of the gl ass
substrate and drive circuit board, opposite to each other, has provided
thereon an alignnment filmto align the Iliquid crystal in a predeterm ned
di recti on. Meore ppeaifieally; theoreftegponitypriliquisk gystal disipiay eymene moltdesaa vol t age
is applied between the transparent el ectrode and reflection pixel

el ect r ogless yifypstrate kaving pacvided thereon adpasispareat clectode formi¢defrdmt ant he 1 qui d
crystal layer. Then, the liquid crystal layer is varied in optical

char act dectsically conduetponnhiategia) stch as fbOegindiaim-Tin Oxide)c e doivewarnittboard

el ectrodes to nodulate the light passing by the liquid crystal |ayer.

Ther ef chaving peovidéd dutreomreflggtionl pigel elecrgddsaormied ficay aaldwmimumdasadsi gn
intensity levels by the |ight nodulation. The liquid crystals used as such
a | i qui ntetallys nedtemalspiday lighidhamstal hglen didled Betweemthe glassathstratd amglhiddve
crystal (will be referred to as "TN liquid crystal” hereunder) whose

di el ectciranibboardtwhizh o dikipbted eppesit®io dach ofhdridnd sekled 4l) alonglihe edges a
dielectric constant F-flj) parallel to the long axis of |iquid crystal

mol ecul thsremdavith alsesting menbest adkls®,(each ofpke perfadcsdfahe oiask Rabsteatg aadi s of
the liquid crystal nolecules) goes positive. This TN |iquid crystal is

al so cadifregicittuit boart, @pbysite @l ¢apheasthér, s grevigied dieteor an blignibdnt fititd - 3

align the liquid crystal in a predetermined direction.

In the reflection type liquid crystal display element, a voltage is applied between
the transparent electrode and reflection pixel electrodes opposite to each other to apply
an electric field to the liquid crystal layer. Then, the liquid crystal layer is varied in
optical characteristic correspondingly to a potential difference between the electrodes
to modulate the light passing by the liquid crystal layer. Therefore, the reflection
type liquid crystal display element can assign intensity levels by the light modulation.

The liquid c;ystals used as such a liquid crystal display element include a twisted
nematic liquid crystal (will be referred to as “TN liquid crystal” hereunder) whose
dielectric anisotropy (a difference Ae (= €(|[) (L)) between a dielectric constant &(}])
parallel to the long axis of liquid crystal molecules and dielectric constant (L)
perpendicular to the long axis of the liquid crystal molecules) goes positive. This TN

liquid crystal is also called “horizontally-aligned liquid crystal”. Inthe TN liquid
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crystal, when applied wwth no drive voltage, liquid crystal nolecules are
aligned being nearly horizontally twisted inrelation to the substrate,
and provide a display in white in a so-called "nornmally white display
node". On the other hand, when applied with a drive voltage, the liquid
crystal nolecules are erected perpendicularly to the substrate and provides
a display in black. Also inthe TN liquid crystal, since it is necessary
to preset a direction in which the liquid crystal nolecules are to be
erected when applied with a drive voltage, so a constant direction is
pretilted through about several to 10 deg. in practice. Also in these
days, an liquid crystal display elenent using a vertically-aligned Iliquid
cryst alcrystabuwhein apphiedivith npginive voltagealiqhierystab modecitles aredilignedtbeing
anisotropy is vertically aligned has been attracting attention because of
i ts hi gieadyhorzentadlydvepieddn relationdp dins substrate, lind previdecadisplayl ingmlide | i qui d
crystal, when applied with no drive voltage, the liquid crystal nol ecul es
are al iignsd-cadked Snopeayndhiteidsplay modehe ©mitheodie hamdd wheobppiied witkspl ay
in black in a so-called "normally black display node". On the other hand,
when apphriedvoltage, shahqwid argstahgmleaiies drequrected pepseadicbdy od €8s are til ted
in a predetermned direction to have the |ight transmttance thereof
var i ed sdbstrate aad grovles ardigplay inblackopetlsatin theaTN ligudafrystal, sinog. it & so, in
the vertically-aligned liquid crystal, since the contrast wll not be
uni f or measssatyotanpresetrd (sectivraindwhicnthedxyuid goystialangkcalesmnt 6xbe esec2@D ar e
tilted in the sane directions, so it is necessary to vertically align the
| i qui d whepsapplidaywithlat drings voieagd, so@ aonistano tirebigon isyprietilted yhtomlighrabloac ul es
200 through a slight pretilt angle O in a -4

several to 10 deg. in practice.

Also in these days, an liquid crystal display element using a vertically-aligned
liquid crystal in which nematic liquid crystal having a negative dielectric anisotropy is
vertically aligned has been attracting attention because of its high contrast and speed
of response. In this vertically-aligned liquid crystal, when applied with no drive
voltage, the liquid crystal molecules are aligned nearly perpendicularly to the substrate
and provide a display in black in a so-called “normally black display mode”. On the
other hand, when applied with a drive voltage, the liquid crystal molecules are tilted in
a predetermined direction to have the light transmittance thereof varied due to a
birefringence developed at that time of tilting. |

Also, in the vertically-aligned liquid crystal, since the contrast will not be
uniform as shown in FIGS. 2 and 3 unless liquid crystal molecules 200 are tilted in the
same directions, so it is necessary to vertically align the liquid crystal by tilting the

long axis of the liquid crystal molecules 200 through a slight pretilt angle 0 in a
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constant direction Xin relation to a line normal to a drive circuit board
202 having pixel electrodes 201 formed thereon. The pretilted direction
X, that is, the direction in which the Iiquid crystal nolecules 200 are
aligned, is set nearly diagonal to a device whose transmttance is
normal |y caused to be maxi num by a conbination with an optical system such
as a polarization plate and the like, nanely, in a direction of about 45
deg. that is a nearly diagonal direction of the pixel electrodes 201 |aid
in the form of a nearly square matrix. Also, if the pretilt angle 0 is too
| arge, the vertical alignment will be deteriorated, the black |level wll
rise to lower the contrast and the V-T (drive voltage - transmttance)
curve wphstapedisehions¥|ip relfatiovtte d. likheorafalte a drifee cipeut boardadif) leaving s
normal Iy controlled to fall within a range of 1 to 5 deg. The alignnent
film wipixdh elgpteades 261 tfhemed thércai.| yThe ipyetdted digedtibrcXy thatis, ithe directadn i quel y
evapor at ed nenbrane forned by depositing an inorganic material such as
si | i com sihich the {@iidzrystalr moberules20binei digried, Brcd neardy Bgoasktooa devipel ymer
menbrane of polyimde or the |ike having a rubbed surface. The
preti | sihngedrmhsnpttande s nonglal yaeesedcunbe nlakemuiyby arondiihaton wheh ati r ect i on
of incidence and evaporation angle for the obliquely-evaporated nenbrane
or by optitaldyistemg shdleas alpoiavigationgdsteemdathd likendamebn i afdarectibe ofabypuer
menbrane. Normally, the practical pretilt angle is about 45 to 65 deg. in
rel ati ¢6 deg. that i$ & gletrlndiagunal dirttors obtier pikel eleotrotes 2Moladd kn the fbror yst al
projector 100, if red, green and blue inmages for representation by the
three bif quiedrigrsyshad metrdn! aplspitihe pkeiaR ang2Gisnd 14828ty eertisyht hesi zed as
they are because of the limted geonetry of the liquid crystal display
alignment will be deteriorated, the black level will rise to lower the contrast and the

V-T (drive voltage — transmittance) curve will be adversely affected. Therefore, the
pretilt angle 0 is normally controlled to fall within a range of 1 to 5 deg.

The alignment film which pretilts the vertically-aligned liquid crystal is an
obliquely evaporated membrane formed by depositing an inorganic material such as
silicon dioxide (S10,) or the like obliquely onto a substrate or a polymer membrane of
polyimide or the like having a rubbed surface. The pretilting and pretilt angle are
controlled by controlling the direction of incidence and evaporation angle for the
obliquely-evaporated membrane or by controlling the rubbing direction and conditions
for the polymer membrane. Normally, the practical pretilt angle is about 45 to 65 deg.
in relation to the light normal to the substrate.

In the above Liquid crystal projector 100, if red, green and blue images for
representation by the three liquid crystal display panels 102R, 102G and 102B are

synthesized as they are because of the limited geometry of the liquid crystal display
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panel s 102R, 102G and 102B in relation to the synthesizing prism 103 when
the color rays of light (R G and B) nodul ated by the liquid crystal
di spl ay panels 102R, 102G and 102B, respectively, are synthesized by the
synthesizing prism 103 into one image as shown in FIG 1, only the green
| mage nodul ated by the liquid crystal display panel 102G will be displayed
being horizontally inverted in relation to the red and bl ue i nages
nodul ated by the other liquid crystal display panels 102R and 102B,
respectively (as indicated with references A and X, respectively, in FIG
1). That is, the green light (G nodulated by the liquid crystal display
panel 102G is incident upon the projection |lens 104 after passing by the
di chr oipanels FJS B¥2G aad IQQBt merslazmqo;ihe symthosizing prismtlid wheh thegiulox R)
and blue Ii nodul ated by the quid crystal display panels 102R and
102B, regp eghghta( , Gvand| Bbmoudui/atdiaby tmhqutdmrysml djsplay pancle82ROM0%G er
being reflected by the dichroic surface of the synthesizing prism103 (as
i ndi catand 1042B, raspasitively, anesyntbedzshbyl the synthesizipgqirisee 1 Q3 into dHeGmage. On
this account, normally, depending upon which the nunber of tines the color
rays ofaslshgktn i1 brohl Brhergibeh amage myodiiatetforyethe lliquid drystalstigplagipapélay
panel s 102R, 102G and 102B. respectively, are reflected until they are
synt hesi(2€d wiiH beatidplayeébeimg Kormntall ynimveeted )in relatiomag ¢hemedidmt Mldeby one
(102G of the three liquid crystal display panels 102R, 102G and 102B i s
di spl ayiethgee nmyluiated Agnthel dthen lnyrd toegstalndisplagtpanalst I02Rend i162Bes nodul at ed
by the other two liquid crystal display panels (102R and 102B) (cf. the
Japanegespadiivebhés ibhdeetadhwithaefcPericestA AngdlA’ cretspectidy, iIAFITRI2) . Therefore,
in the aforenentioned Liquid crystal projector 100, the green inmage

That is, the green light (G) modulated by the liquid crystal display panel 102G is

incident upon the projection lens 104 after passing by the dichroic surface of the
synthesizing prism 103, while the red light (R) and blue light (B) modulated by the
liquid crystal display panels 102R and 102B, respectively, will be incident upon the
projection lens 104 after being reflected by the dichroic surface of the synthesizing
prism 103 (as indicated with a solid line and dashed line, respectively, in FIG. 1).

On this account, normally, depending upon which the number of times the color
rays of light (R, G and B) modulated by the three liquid crystal display panels 102R,
102G and 102B, respectively, are reflected until they are synthesized is, odd or even
(including zero), an image modulated by one (102G) of the three liquid crystal display
panels 102R, 102G and 102B is displayed being horizontally inverted in relation to the
images modulated by the other two liquid crystal display panels (102R and 102B) (cf.
the Japanese Published Unexamined Patent Application No. 2867992).

Therefore, in the aforementioned Liquid crystal projector 100, the green image
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nodul ated by the liquid crystal display panel 102G shown in FIG 4B is

di spl ayed being horizontally inverted in relation to the red and bl ue

i mages nodul ated by the liquid crystal display panels 102R and 102B,
respectively, showmn in FIG 4A so that the inages synthesized by the

synt hesi zing prism 103 will coincide with each other on the screen S .
Note here that in the aforenentioned conventional |iquid crystal projector
100, when a leftward- ascending oblique Iine L in black is displayed in a
white display on the screen S as shown in FIG 5, the oblique line L

whi ch shoul d appear black will be displayed in a color which will be
resulted fromm xi ng of black and magenta as the case may be. Al so, when a
ri ght wanodwdatedrivi the loqulid quystal display panek k026G sHowpl iaJl 6. i4B istdisplakied e
display on the screen S in addition to the |l eftward-ascending line L, the
obl i qubeingbotizovtall i isvertdddinaglérn tolthe kedvahd bhee unages ayedizlateddrethei sh

bl ack in sonme cases. In any of these cases, the oblique line will possibly
be st ailiggid eiyskalaliyplay ipanels dORR andvbd2B, sdspectoeby ishewainyFIChwey, sorthatjual ity
of an image display. OBJECT AND SUVWARY OF THE INVENTION It is therefore an
obj ect thé imhgeysyaskedizéd e thd omthesiznng prizme 105 evillalodnadersvith eavbdottienabacks
of the related art by providing a projection type liquid crystal display
devi ce thapafkr S6f a quality i mage di splay by preventing col or staining
caused by a difference between disclinations (will be described in detail
later) denNadtepete that én tHeafordhyntidndd convéntoyaltliduidicswtalyprefeimni G0, when

synt hesi zing color rays of |ight nodul ated by the plurality of Iiquid

cryst alwhdsplefywatdengodling bbliqee lin€ L in black is displayed in a white display on
the screen S’ as shown in FIG. 5, the oblique line L which should appear black will be
displayed in a color which will be resulted from mixing of black and magenta as the
case may be. Also, when a rightward-ascending oblique line in black is displayed in
the white display on the screen S’ in addition to the leftward-ascending line L, the
oblique line I which should appear black will be displayed in greenish black in some
cases. In any of these cases, the oblique line will possibly be stained with any other
color, which will considerably lower the quality of an image display.
OBJECT AND SUMMARY OF THE INVENTION

It is therefore an object of the present invention to overcome the

above-mentioned drawbacks of the related art by providing a projection type liquid
crystal display device capable of a quality image display by preventing color staining
caused by a difference between disclinations (will be described in detail later)

developed in a plurality of liquid crystal display elements when synthesizing color

rays of light modulated by the plurality of liquid crystal display elements into one
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I mmge, and an optical block for use in such a projection type liquid

crystal display device. The above object can be attained by providing a

projection type liquid crystal display device including, according to the

present invention, a plurality of liquid crystal display panels provided

correspondingly to a plurality of colored |light and which nodul ate the

colored |ight based on video data; a |ight synthesizing neans for

synt hesi zing the colored |ight nodul ated by the liquid crystal display

panel s, respectively, into one inage; and a projecting neans for

projecting the synthetic light produced by the |ight synthesizing neans

onto a screen, wherein the alignnent direction of one of the liquid

cr yst alindigepaxy ap apticaliock foruse idessichr projegtiondype liquid erystabdisplayh t o

| mages provided by the other liquid crystal display panels is arranged to

be difdemient fromthe alignnent directions of other the liquid crystal

di splay panels, so as to be coincident wwth each other in an inmage

di spl ayed et dtwvecteest.cadlbemttaimedby peovddjneca pogection gpediqued chystal

provi ding. an optical block for use in a projection type liquid crystal

di spl aydisighuy device inbiuding aptomdahg to/thef presdmrieveritiopht plumiity ef Equishsed on

vi deo data are synthesized into one inmage and the synthetic light s

pr oj ectcggstabdplaypayeloprovidedscoresspontlingly i & phiralityookcolosddlightoandaccor di ng

to the present invention, a plurality of liquid crystal display panels

pr ovi deghichrmedylatediheglojoretl dight daptdivrvidep ddta;colightesimithesiting maeanisifoh

nodul ate the colored |ight based on video data; a |ight synthesizing neans

for syniyheissiiing thidieologddlight hbdblatetbioy ket kguidycrystal disphuyi phnelsyst al  di spl ay

panel s, respectively, into one inmge; and wherein the alignnment -S
respectively, into one image; and a projecting means for projecting the synthetic light

produced by the light synthesizing means onto a screen, wherein the alignment
direction of one of the liquid crystal display panel which provides an image inverted in
relation to images provided by the other liquid crystal display panels is arranged to be
different from the alignment directions of other the liquid crystal display panels, so as
to be coincident with each other in an image displayed on the screen.

Also the above object can be attained by providing an optical block for use in a
projection type liquid crystal display device in which a plurality of colored light
modulated based on video data are synthesized into one image and the synthetic light
is projected as an image onto a screen, the optical block including, according to the
present invention, a plurality of liquid crystal display panels provided correspondingly
to the plurality of colored light and which modulate the colored light based on video
data; a light synthesizing means for synthesizing the colored light modulated by the

liquid crystal display panels, respectively, into one image; and wherein the alignment
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direction of one of the liquid crystal display panel which provides an

I mge inverted in relation to images provided by the other |iquid crystal
di splay panels is arranged to be different fromthe alignnent directions
of other the liquid crystal display panels, so as to be coincident with
each other in an inmage displayed on the screen. As above, according to the
present invention, the liquid crystal display panel which provides an

i mage inverted in relation to i mages provided by the other liquid crystal
di splay panels is aligned in a direction different fromthose in which the
other liquid crystal display panels are aligned, so that the alignnent
directions of the liquid crystal display panels (the alignnent directions

of t he diregtiod ofropstaf] thenbiqeoditrystaddisphay phae]uviichpyevides dh smiagy igeertedsin wi | |
be coincident with each other in an i mage di spl ayed on the screen. Thus,

when t hrelatiogito images pedvaded) by sthey highed crystal isplayppanels ds/arradged tiodiet
nodul ated by the liquid crystal display elenents into one inage,

di scl i nhffersms framihenglighment directans odfothdreht liguidicoysyed iddplaly pphely, sel asrent s
can be made to coincide wth each other on the screen. Therefore, it is
possi blte beaxoinedent withleach stizrnnng ifmagmdisplkyedoptlecsreke to a difference
I n disclination between the liquid crystal display panel which provides

t he invert ek abmge aecutdiftpetoothbgrredeing invencions thed ligtiid mhpstalpdisplay . paid® EF
DESCRI PTI ON OF THE DRAW NGS These objects and ot her objects, features and

advant agkishqfrovides pneaege inveresd inelativn to ibegesprovided dynhe etierfliquid t he
follow ng detailed description of the preferred enbodinents of the present

| nvent icopstahéisplaykmmelsiscdigned ¢t aairstivh differena fopmiasgiingvidchthagther i n
whi e I;qguid crystal display panels are aligned, so that the alignment directions of the liquid
crystal display panels (the alignment directions of the liquid crystal molecules of the
liquid crystal display panels) will be coincident with each other in an image displayed
on the screen. Thus, when the light synthesizing means synthesizes the color rays of
light modulated by the liquid crystal display elements into one image, disclinations
taking place at each of the liquid crystal display elements can be made to coincide
with each other on the screen. Therefore, it is possible to prevent color staining from
taking place due to a difference in disclination between the liquid crystal display panel
which provides the inverted image and the other liquid crystal display panels.
BRIEF DESCRIPTION OF THE DRAWINGS
These objects and other objects, features and advantages of the present invention
will become more apparent from the following detailed description of the preferred

embodiments of the present invention when taken in conjunction with the

accompanying drawings, in which:



FIG 1 is a block diagram of he substantial part of a conventional liquid
crystal projector; FIG 2 is a plan view of the drive circuit board,
showing pretilting of a vertically-aligned liquid crystal; FIG 3 shows a
direction in which liquid crystal nolecules are aligned, in which FIG 3A
is a plan view of a liquid crystal and FIG 3B is a side elevation of the
liquid crystal; FIG 4A is a plan view of a direction of an oblique |ine
di spl ayed on red and blue |Iliquid crystal display panels included in the
conventional liquid crystal projector and a alignnment direction of the red
and blue liquid crystal display panels, and FIG 4B is a plan view of a
direction of an oblique |ine displayed on a green |iquid crystal display
panel i ncl fledliinabheck dragemiodhg subsigotial pary of alcoprextianadliquidicrystdli gnnent
direction of the green liquid crystal display panel; FIG 5 is a plan view
of an @bdjcqwes; | i ne di splayed on a screen; FIG 6 is a plan view of a liquid
crystal display panel, showi ng pixels of the panel corresponding to an

obl i que | i FéGdRdpkplanl view ofithesdnieeairciHt Boardpshewimgypratiltingof aenl ar ged i n
scale, of pixels of the. red and blue liquid crystal display panels

i ncl udedrticallyhaligmad/lequidamydtal;i qui d crystal projector, and FIG 7B is a

pl an view, enlarged in scale, of pixels of the green liquid crystal display
panel i nclFliGed showstedicesticenini whh liqudicdystalymobicujpscire aligned, Fh &highi s a
plan view, enlarged in scale, of an oblique Iine projected on the screen
-10  FIG. 3A is a plan view of a liquid crystal and FIG. 3B is a side elevation of the liquid

crystal;

" FIG.4Aisa plan view of a direction of an oblique line displayed on red and blue
liquid crystal display panels included in the conventional liquid crystal projector and a
alignment direction of the red and blue liquid crystal display panels, and FIG. 4B is a
plan view of a direction of an oblique line displayed on a green liquid crystal display
panel included in the conventional liquid crystal projector and a alignment direction of
the green liquid crystal display panel;

FIG. 5 is a plan view of an oblique line displayed on a screen;

FIG. 6 is a plan view of a liquid crystal display panel, showing pixels of the panel
corresponding to an oblique line displayed on the screen;

FIG. 7A is a plan view, enlarged in scale, of pixels of the red and blue liquid
crystal display panels included in the conventional liquid crystal projector, and FIG.
7B is a plan view, enlarged in scale, of pixels of the green liquid crystal display panel
included in the conventional liquid crystal projector;

FIG. 8 is a plan view, enlarged in scale, of an oblique line projected on the screen
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i-n the conventional liquid crystal projector; FIG 9 is a block diagram of
a liquid crystal projector according to the present invention; FIG 10 is
a sectional view of a reflection type liquid crystal display elenment; FIG
11 is a schematic diagramof the drive circuit board included in the
reflection type liquid crystal display elenent; FIG 12 is a circuit
diagramof a switching drive circuit included in the reflection type
liquid crystal display elenment; FIG 13A is a plan view of a direction of
an oblique line displayed on red and blue liquid crystal display panels
included in the liquid crystal projector according to the present

i nvention and an alignnent direction of the red and blue |iquid crystal

di spl aynplmn@(msvemaghqandlcwstakp@mtaﬁ view of a direction of an oblique
line displi%ed on a green liquid crystal display panel included in the
liquid crysi@l 9ps ajdeclodiagraman a liquidonpsial priojaster ancooding e the prasent qui d
crystal di s&lmay panel; FIG 14A is a plan view, enlarged in scale, of

pi xel s inventlom;red and blue liquid crystal display panels included in the
liquid crystal projector according to the present invention, and FIG 14B
i s a plan WHewlOenhaedachal view aif @, refiecpon tipe loquid loeysjaledisplay splémdent; r y st al
di splay panel included in the liquid crystal projector; FIG 15 is a plan
vi ew, enl afj&dlins s sehematoé dagrail dfdhe driveeipnd)twerd thadudedin thecr een in the
liquid crystal projector; FIG 16 A shows a nonoscopic pattern for inage
eval uatreflectiantpelliguid 6B/stdl display element;

FIG. 12 is a circuit diagram of a switching drive circuit included in the reflection
type liquid crystal display element;

FIG. 13A is a plan view of a direction of an oblique line displayed on red and
blue liquid crystal display panels included in the liquid crystal projector according to
the present invention and an alignment direction of the red and blue liquid crystal
display panels, and FIG. 13B is a plan view of a direction of an oblique line displayed
on a green liquid crystal display panel included in the liquid crystal projector and an
alignment direction of the green liquid crystal display panel;

FIG. 14A is a plan view, enlarged in scale, of pixels of the red and blue liquid
crystal display panels included in the liquid crystal projector according to the present
invention, and FIG. 14B is a plan view, enlarged in scale, of pixels of the green liquid
crystal display panel included in the liquid crystal projector;

FIG. 15 is a plan view, enlarged in scale, of an oblique line projected on the
screen in the liquid crystal projector;

FIG. 16 A shows a monoscopic pattern for image evaluation, and FIG. 16B
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shows a plurality of oblique Iines for inmage evaluation; FIG 17 is a bl ock
diagram of a variant of the liquid crystal projector for conparison with
the liquid crystal projector according to the present invention; FIG 18
is a block diagramof a first variant of the liquid crystal projector
according to the present invention; and FIG 19 is a bl ock diagramof a
second variant of the liquid crystal projector according to the present

i nvention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Prior to the
description of the projection type liquid crystal display device and
optical block according to the present invention, the previously nentioned
color staining will be described in detail. The Inventors nade experinents
for | oshowsrs plirdity of oblighe dings dor Bpags evaliattpn;occurring in an oblique |ine
bei ng di splayed, and found the fact that disclinations taking place in the
liquid cry3l@i 1diis pibdgcketliageam offacrariang of the agwiderpsial pigector i d  cryst al
di spl ay panels 102R, 102G and 102B are deeply involved in the color

st ai ni egmpErisen, with éheeliquid| crpgtabpysijedtar acaonding todhe paescohinyentioni ng i n each
of the liquid crystal display elenents. Note that since the disclination
will take fHltcd8dsattheckdimgrariof ashrst variantaifphe liguid ciystahpoejentont i oned
liquid crystals whether the latter are horizontally-aligned ones or

verti calcbgrdihg it present isvendiqul;andt i on wi || be nmade of the disclination
taking place in the vertically-aligned liquid crystal display panel shown
in FIGS. 2H6d19,is byledydiagramdf a second variant of the liquid crystal projector

according to the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Prior to the description of the projection type liquid crystal display device and
optical block according to the present invention, the previously mentioned color
staining will be described in detail.

The Inventors made experiments for location of a cause of the color staining
occurring in an oblique line being displayed, and found the fact that disclinations
taking place in the liquid crystal display elements forming the aforementioned liquid
crystal display panels 102R, 102G and 102B are deeply involved in the color staining.

First, there will be explained the disclination occurring in each of the liquid
crystal display elements.

Note that since the disclination will take place on the basically same principle in
the aforementioned liquid crystals whether the latter are horizontally-aligned ones or
vertically-aligned ones, so explanation will be made of the disclination taking place in

the vertically-aligned liquid crystal display panel shown in FIGS. 2 and 3, by way of
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exanple. In the liquid crystal display elenent, when voltages of different
magni t udes are applied to adjacent pixel electrodes 201, respectively, an
i n-plane horizontal electric field will devel op between the pixels and
their surrounding areas, resulting in crosstal k-caused di sturbance in
alignment of liquid crystal nolecules 200. The disturbance in alignnment of
the liquid crystal nolecules is generally called "disclination". For
exanple, in a driving method called "line inversion drive" in which the
polarity of a signal voltage is inverted at each scan of a line, when the
voltage polarities of adjacent pixel electrodes 201 are opposite to each
ot her, when the voltage polarity is inverted wwthin a range of 5V, for
exanpl examgdedi fference in potential between the adjacent pixel electrodes
will be as large as 10 V. Thus, liquid crystal nolecules 200 corresponding
to the pi xdnshediquid erystal dispbayrelementewlien ppigees eof differentwhagnstugies large
I nhi bited by the horizontal electric field between the adj acent pi xel
el ect r cppdiedao ajamenbpixed) eleictrodds 20 haespasctivehs ahiinyilanechgmzaentainglbeitigl es in
question will not be white but be somewhat dark, causing a stripe Like
di scl i ratldonill devredopbetweendhp péxeds and hizeir smyeundiag iargasf rasnitbeg img
deteriorated by such a disclination, the liquid crystal display elenent is
dri ven drgssialiircansad dustttbadce &t hbgnmeht afequidweysabmotrdnes'20h vilheh t he
polarity of a drive voltage is inverted for each frame. Since with this
dri vi ngdistarbarte inladignotard gf shaliquidecrastahomdecujescisl genbedlyrcdled 201 wil | be
equal to each other when the pixels are displayed all in white, no -13
“disclination™.

For example, in a driving method called “line inversion drive” in which the
polarity of a signal voltage is inverted at each scan of a line, when the voltage
polarities of adjacent pixel electrodes 201 are opposite to each other, when the voltage
polarity is inverted within a range of +5 V, for example, the difference in potential
between the adjacent pixel electrodes will be as large as 10 V.  Thus, liquid crystal
molecules 200 corresponding to the pixels which should normally be displayed all in
white will be inhibited by the horizontal electric field between the adjacent pixel
electrodes 201 from being tilted, that is, the liquid crystal molecules in question will
not be white but be somewhat dark, causing a stripe-like disclination.

Generally, to prevent the image quality from being deteriorated by such a
disclination, the liquid crystal display element is driven by a driving method called
“frame inversion drive” in which the polarity of a drive voltage is inverted for each
frame. Since with this driving method, the voltages at the adjacent pixel electrodes

201 will be equal to each other when the pixels are displayed all in white, no
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hori zontal field-caused disclination will take place. Since in a gradation
display as well, the voltage polarities of at |east the adjacent pixel
el ectrodes will not be opposite to each other and the difference in
potential between the adjacent pixel electrodes 201 wll be a half of that
in the "line inversion drive", so the crosstalk is rather smaller than in
the aforenentioned "line inversion drive". Even in case the above-nentioned
"frame inversion drive" nmethod is enployed, however, when a display is
made with a large difference in brightness between adjacent pixels, for
exanple, a display wth white-and bl ack-display pixels, it is difficult to
prevent the image display frombeing influenced by a horizontal
fiel d- ckarizantelizeldtcankeddiselinatiomwill dgleccplace pi Ricesh agradateon dplayNext
there will be explained the difference between disclinations taking places
i n t he WeByithe voliage plolatitigs| ofjat jeasé the adjacertmixdlGiectardpsarwillnagtibe oppwsited t he
liquid crystal display panel 102G shown in FIG 4B when the bl ack oblique
| i ne L to(dachtotheramstherdiffarpneb in gotentiahbetwasn the adjscent pixshelegrrdden2Ohi t e
di splay on the screen S shown in FIG 5 as having previously been
descri betll b¥hchalf ofithdt i thet ‘dinennvexsidredrivelt Isodbel crosstableisafatherrsene! levthah
liquid crystal display panels 102R, 102G and 102B are aligned in the sane
di r ect i iorthe dforeameditisped (‘line titmecrsioafdringe™d- ascendi ng direction with a
flexible wire F being viewed at the right) diagonally of the device. In
thi s case, Even hl ¢agaikaitbove-aentioned!fraime inversiomdiide” neglsadls athplolvad,
panel s 102R and 102B shown in FIG 4A is the sane as the direction of the
| ef t warkibweeandiheg aatisplgués hiade with a 1@getdifferdnicein baightness beewedne | i qui d
crystal -14

adjacent pixels, for example, a display with white-and black-display pixels, it is

difficult to prevent the image display from being influenced by a horizontal
field-caused crosstalk between the adjacent pixel electrodes 201.

Next, there will be explained the difference between disclinations taking places
in the liquid crystal display panels 102R and 102B shown in FIG. 4A and the liquid
crystal display panel 102G shown in FIG. 4B when the black oblique line L
(leftward-ascending oblique line, for example) displayed in white display on the
screen S shown in FIG. 5 as having previously been described.

The liquid crystal molecules included in the aforementioned liquid crystal display
panels 102R, 102G and 102B are aligned in the same directions X1” and X2’ (in the
leftward-ascending direction with a flexible wire F’ being viewed at the right)
diagonally of the device. In this case, the alignment direction X1 in the liquid
crystal display panels 102R and 102B shown in FIG. 4A is the same as the direction of

the leftward-ascending oblique line L1°. On the other hand, since the liquid crystal
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di spl ay panel 102G in FIG 4B provides a horizontally inverted display, a
ri ght war d-ascendi ng oblique line L2' and alignnment direction X2' form an
angl e of about 90 deg. between themin the plane in which they are.
Therefore, when a | eftward-ascending oblique Iine LI ' having a thickness
of one pixel is represented by bl ack-display pixels 20l b in white-display
pi xel s 20la as shown in FIG 6 in the liquid crystal display panels 102R
and 102B in FIG 4A, there wll take place in a white-display pixel 20la
adj acent to the bl ack-display pixel 201b curved disclinations 203a and
203b extending froma corner (upper left corner shown in FIG 7A)
positioned in the alignment direction X1' along the boundary between the

whi t e- diisglaapanelxid)2G o1 ElGrdiB tpravides a horippntsllyeinveged displaghewn in a | ar ger
scale in FIG 7A On the other hand, since a rightward-ascending oblique
| i ne Lzightemaidrgseending obdigsling L3nengiakighmest diapeticre X238 dohy ablaagle of spl ay
pi xel s 201b in the white-display pixels 20l1a in the liquid crystal display
panel 1b2G 90deg. betwieekthetB, intheplhneiih whiak ¢heyphmce i n a white-di spl ay
pi xel 20l1a adjacent to the bl ack-display pixel 201b curved disclinations
203c and 2@3ntrefors vdienga tafomrs-asoending(oljpme liref L1 chavieg ashmkmessofoiz  7B)
positioned in the alignnment direction X2' along the boundary between the
whi t e- giixqlliayepresaite® by dlackadisphgipidelsHY ini wkite-Aiphayapixelod@ild as a | ar ger
scale in FIG 7B. Note here that the horizontal electric field applied to
t he bl shkwai indI€y pindhkdiquid ompstdlelispiay panels dI0AR ik #0ZB iis FAGE &4, éndrei n
size between the liquid crystal display -15

will take place in a white-display pixel 201a adjacent to the black-display pixel 201b

curved disclinations 203a and 203b extending from a corner (upper left corner shown

in FIG. 7A) positioned in the alignment direction X1’ along the boundary between the

white-display pixel 201a and black-display pixel 201b as shown in a larger scale in

FIG. 7A.

On the other hand, since a rightward-ascending oblique line L2’ having a

thickness of one pixel is represented by black-display pixels 201b in the white-display

pixels 201a in the liquid crystal display panel 102G shown in FIG. 4B, there will take

place in a white-display pixel 201a adjacent to the black-display pixel 201b curved

disclinations 203¢ and 203d extending from a corner (upper left corner shown in FIG.

7B) positioned in the alignment direction X2’ along the boundary between the

white-display pixel 201a and black-display pixel 201b as shown in a larger scale in

FIG. 7B.

Note here that the horizontal electric field applied to the black-display pixels

from the white-display pixels is different in size between the liquid crystal display
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panel s 102R and 102B in FIG 4A and the liquid crystal display panel 102G
in FIG 4B due to a difference in display between the. liquid crystal
di spl ay panels 102R and 102B and the liquid crystal display panel 102G
More specifically, in the liquid crystal display panels 102R and 102B shown
in FIG 4A the bl ack-display pixels 201b wll be adjacent to two
whi te-di splay pixels 20l1a and one bl ack-di spl ay pixel 201b at the upper
| eft corner shown in FIG 7A In this case, since the black-display pixel
201b has the sane potential as that of one black-display pixel 201b
adjacent to it, soit will be little influenced by the horizontal electric
field fromthe one bl ack-display pixel 20 Ib. On the other hand, in the
| i qui d Rangls HI2RY ag@ﬂQ;Bptarﬂﬁg ﬂ@%@l@ Howhquid erystal dsplaypanebl826-ini 6. ay
pixels 201b will be adjacent to three white-display pixels 20la at the
upper |43 due s aslifferepan in display betweenrhe hiquiderystal disptay parelpl@2R-aaidspl ay
pi xel 201b w Il be greatly influenced by the horizontal electric field
fr om t h2Fhare thedjigeidraryst diitspladﬁlmmlehjf%éxel s 201a, which al so nmeans that
the electric flux line of the electric field is different in shape. Thus,
t he |i qui d Moxesspeicificadly, fythedngiid ctya displayqrBekshlOAR amd FOZB shawai inl  be
sonmewhat different in disclination output fromthe liquid crystal display
panel 1LG 44 tbeblick-display4Bxelsi2lbfwilkbe adjacent tafteoewbiteidisydaly pixpls d
crystal projector 100, color rays of light (R G and B) nodul ated by the
t hr ee |2(jai ahdooneshlakk diisplhppixed 260b at @rRipidAdeft@omher sha®mameF Iy itAeshzed by
the synthesizing prism 103 into one i mage. Wen a -16-

this case, since the black-display pixel 201b has the same potential as that of one

black-display pixel 201b adjacent to it, so it will be little influenced by the horizontal
electric field from the one black-display pixel 201b.

On the other hand, in the liquid crystal display panel 102G shown in FIG. 4B, the
black-display pixels 201b will be adjacent to three white-display pixels 201a at the
upper left corner shown in FIG. 7B. In this case, since the black-display pixel 201b
will be greatly influenced by the horizontal electric field from the three adjacent
white-display pixels 201a, which also means that the electric flux line of the electric
field is different in shape.

Thus, the liquid crystal display panels 102R and 102B shown in FIG. 4A will be
somewhat different in disclination output from the liquid crystal display panel 102G
shown in FIG. 4B.

Therefore, in the aforementioned liquid crystal projector 100, color rays of light
(R, G and B) modulated by the three liquid crystal display panels 102R, 102G and
102B are synthesized by the synthesizing prism 103 into one image. When a
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| ef t war d- ascending oblique line L in black is displayed in white display on
the screen S, the black level of the liquid crystal display panels 102R
and 102B is higher than that of the liquid crystal display panel 102G due
to a difference in occurrence of the aforenentioned disclinations 203a,
203b, 203c and. 203d as shown in a larger scale in FIG 8. In this case,
the oblique line L which should appear black will be displayed in a color
which will be resulted fromm xing of black and nagenta. On the contrary,
when a rightward-ascending oblique line L in black is displayed in white
di splay on the screen S, the black level of the Iiquid crystal display
panel 102G is higher than that of the liquid crystal display panels 102R
and 102eftward-pscending obkiqumbne Lrinddack isedisplayed ihwhateslisplaypondhe soesa,

203b, 203c and 203d. In this case, the oblique |ine L which should appear
bl ack i’} thedelagk dpichpé theakquidgrysal disphiyapanelsod)IRjaed (1028 is higlhardhamat al so
In case an oblique line of two by two bl ack-di splay pixels 201b is

di spl ayhat ofthetiqued diyspdlalisplay pheel2lA; dse 0o haiffersnoe i begurrengetafdke pl ace
around bl ack-di splay pixels 201b adjacent to the white-display pixels
20l1a. Aferrmdriiionedphssimations 2068a,c203dy, 26Baiand 203d as showu inteelargerseiledn
oblique line is displayed in black display. The color staining is nore

r emar kd3Ge 8ahdn thisecdseathk obbiguedimel I mehicls shalild pppgadbladk willite displdyedove,

it was found through the Inventors' experinents that in the conventional

pr oj ectinancdlgpehichywildl be rgstl@d fdomphaging ef btack addemagedttar rays of i ght
nodul ated by a plurality of liquid crystal display elenents was synthesi zed
i nto one - I0n the contrary, when a rightward-ascending oblique line L in black is displayed

in white display on the screen S°, the black level of the liquid crystal display panel
102G is higher than that of the liquid crystal display panels 102R and 102B due to a
difference in occurrence of the disclinations 203a, 203b, 203¢ and 203d. In this case,
the oblique line L. which should appear black will be displayed as a greenish black
oblique line L.

Note that also in case an oblique line of two by two black-display pixels 201b is
displayed in white-display pixels 201a, similar color staining took place around
black-display pixels 201b adjacent to the white-display pixels 201a. Also, this
phenomenon of color staining occurred when a white oblique line is displayed in black
display. The color staining is more remarkable when the black oblique line is
displayed.

As mentioned above, it was found through the Inventors’ experiments that in the
conventional projection type liquid crystal display device, when color rays of light

modulated by a plurality of liquid crystal display elements was synthesized into one
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| mage, disclinations taking place on each of the liquid crystal display

el ements caused color staining which will lead to a practical problem such
as deterioration of the inage quality. The present invention will be
descri bed bel ow concerning a projection type liquid crystal display device

and optical block as enbodi nents thereof with reference to the
acconpanyi ng drawi ngs. Referring nowto FIG 9, there is schematically
illustrated in the formof a block diagramprojection type liquid crystal
di spl ay device according to the present invention. As shown, the
reflection type liquid crystal projector, generally indicated with a
reference 1, which is of a so-called three-panel type using three

r ef | ectimaiges diselinatiensi takingydaee onicagh af the ligridicsysial dlésh@megttmgn&sa:aumcbe
primary colors (red, green and blue) to display a color imge in a |arger

scal e awler sainda whichhwill headhto a practiesl] problemn sugipas fietgriotationyef tie iprageect or

1 includes a lamp 2 provided as a light source to emt illumnation Iight,
a di chrquatitgol or separation filter 3 and dichroic mirror 4, provided as a
| i ght separation neans for separating the illumnation light fromthe |anp

2 into red Thegres¢mR)inventaamwill hbdes@ibeahbelbiveoncengting @grpjeckiogdipe cr yst al
di spl ay panels 5R, 5G and 5B provi ded correspondingly to color rays of
| i ght (IRuidcaysdalB)isplagsiewide anel gpticad bk dsaembodieneanéptheatafdwitb deferepite (R) ,
green light (G and blue light (B) on the basis of video data, a
synt hedsbzhegcgympanying draynigsesi ze the nodul ated red light (R), green
light (G and blue light (B) into one inage, and a projection lens 7 to
proj ect t hRefpmidphow to/FIGMOp thdrems $chgimatimaily itthsirated aéetheSorml@&f a block
diagram projection type liquid crystal display device according to the present
invention. As shown, the reflection type liquid crystal projector, generally indicated
with a reference 1, which is of a so-called three-panel type using three reflection type
liquid crystal display elements corresponding to three primary colors {red, green and
blue) to display a color image in a larger scale on a screen S.
As shown, the reflection type liquid crystal projector 1 includes a lamp 2
provided as a light source to emit illumination light, a dichroic color separation filter 3
and dichroic mirror 4, provided as a light separation means for separating the
illumination light from the lamp 2 into red light (R), green light (G) and blue light (B),
liquid crystal display panels 5R, 5G and 5B provided correspondingly to color rays of
light (R, G and B), respectively, to modulate the separated red light (R), green light
(G) and blue light (B) on the basis of video data, a synthesizing prism 6 to synthesize
the modulated red light (R), green light (G) and blue light (B) into one image, and a

projection lens 7 to project the synthetic illumination light onto the screen S.
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The lanp 2 emts white light including red light (R), green light (G and
blue Ilight (B). It is a halogen light, netal halide |lanp or xenon | anp,
for exanple. Also, in the light path between the |lanp 2 and dichroic col or
separation filter 3, there are provided a fly-eye lens Sto uniformy
distribute the illumnation light emtted fromthe lanp 2, a polarization
changing elenent 9 to convert P- and S-polarized |ight conponents of the
illumnation light into one of the polarized |light conmponents (S-polarized
| i ght component, for exanple), a condenser lens 10 to condense the
illumnation light, etc. The dichroic color separation filter 3 functions
to separate_the white light emtted fromthe lanmp 2 into blue |ight (B)
and ot her ddedampad sméfs vgh%llgmn&huimg redlight (R), gegendéghy (handdpae at ed

bl ue i ght EB) and other color rays of light (Rand G in opposite

di r ect ilighé (B).esBds aihadogen lighfo mepdthadids lamp ofixemosilempof@rexssppieat i on
filter 3 and liquid crystal display panel 5B, there is provided a

t ot al - r ef | &ds0.0n the tight path hesween thalamma agd sheknoéeicolor separagon fil®y 3t owar d
the liquid crystal display panel 5B. In addition, between the dichroic
col or 4b¢rgrase ipoovided ﬂéfY-@Y@EﬂilScﬁ whemifermlyidistoibute theHdpnmination lightled a

total -reflection mrror 12 to reflect the separated other color rays of

| i ght ERiged fom tholanp 2t Apolirtiationchangingelementrfi¢o g¢poyeroPe anilr ror 4
functions to separate the other color rays of light (Rand G into red

| i ght SRpoknizeddighh coimponeriis)of the dluminationvight hntoseeaofithe polanizdd ight (R) to
pass by toward the liquid crystal display panel 5R while reflecting the
separ atcegnppneats (S-polarized light component, for example), a condenser lens 10 to

condense the illumination light, etc.

The dichroic color separation filter 3 functions to separate the white light emitted
from the lamp 2 into blue light (B) and other colof rays of light (R and G), and it
reflects the separated blue light (B) and other color rays of light (R and G) in opposite
directions, respectively.

Also, between the dichroic color separation filter 3 and liquid crystal display
panel 5B, there is provided a total-reflection mirror 11 to reflect the separated blue
light (B) toward the liquid crystal display panel 5B. In addition, between the
dichroic color separation filter 3 and dichroic mirror 4, there is provided a
total-reflection mirror 12 to reflect the separated other color rays of light (R and G)
toward the dichroic mirror 4.

The dichroic mirror 4 functions to separate the other color rays of light (R and G)
into red light (R) and green light (G), and it allows the separated red light (R) to pass
by toward the liquid crystal display panel 5R while refiecting the separated green light
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(G toward the liquid crystal display panel 5G Al so, between each of the
liquid crystal display panels 5R, 5G and 5B and the synthesizing prism 6,
there are provided polarizing beam splitters: 13R, 13G and 13B to guide
each of the separated color rays of light (R Gand B) to each of the
liquid crystal display panels 5R, 5G and 5B. The polarizing beamsplitters
13R, 13G and 13B function to separate the incident color rays of light (R
Gand B) into P- and S -pol arized |light conponents, and they reflect one
of the polarized |light conponents (S-polarized |ight conmponent, for
exanple) toward each of the liquid crystal display panels 5R, 5G and 5B and
allow the other polarized |ight conponent (P-polarized |ight conponent,

for exdfpiteyardthsdymidgrystaldicplaypaneldhesi zi ng pri sm 6. Each of the
liquid crystal display panels 5R, 5G and 5B includes a reflection type
liquid crygdso, htwpempad efithetliqgid ciyssgl displaypanelsi Ft3Gandddibad then of one

of the polarized |ight conponents (S-polarized 1ight conponent, for
exanpl eynthesiding pyismity therel axe provided patarigihg beamsplittdR, 13BRAE 3GEdndIABBON t he
basis of a video signal, and reflect |light resulted fromthe polarization

nodul atd gnidecreshfithe sepdrateidaiolor tayawf light (Rf 6rand BRRbeddGofathe Hgd Mor e
specifically, the reflection type liquid crystal display el enment 50
i ncl udesystal displaypanelstSR,U3tandt58B.51 and drive circuit board 52 di sposed
opposite to each other, a liquid crystal |ayer 53 interposed between these
t r anspar enfThepoddnizing bedmesplitthrs Y8R, ¢BGeand 138 dunkctich tosseparats dad ingidenenber
54 to seal the edges of the transparent substrate -20
color rays of light (R, G and B) into P-and S-polarized light components, and they
reflect one of the polarized light components (S-polarized light component, for
example) toward each of the liquid crystal display panels SR, 5G and 5B and allow the
other polarized light component (P-polarized light component, for example) to pass by
toward the synthesizing prism 6.

Each of the liquid crystal display panels 5R, 5G and 5B includes a reflection type
liquid crystal display element 50. They make polarization modulation of one of the
polarized light components (S-polarized light component, for example) guided by the
polarizing beam splitters 13R, 13G and 13B on the basis of a video signal, and reflect
light resulted from the polarization modulation toward the polarizing beam splitters
13R, 13G and 13B.

More specifically, the reflection type liquid crystal display element 50 includes a
transparent substrate 51 and drive circuit board 52 disposed opposite to each other, a

liquid crystal layer 53 interposed between these transparent substrate 51 and drive

circuit board 52, and a sealing member 54 to seal the edges of the transparent substrate
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51 and drive circuit board 52, as shown in FIG 10. The transparent
substrate 51 includes a glass substrate 5l1a having a |ight-transparent
el ectrode 55 forned over a nain side thereof opposite to the drive circuit
board 52. The transparent electrode 55 is formed froma transparent
el ectrically conductive material such as ITO (Indium Tin Oxide) which is a
solid solution of tin oxide (Sn02) and indium oxide (1n203), for exanple,
and is to be applied in entire pixel area with a common potential (ground
potential, for exanple). As shown in FIGS. 10, 11 and 12, the drive circuit
board 52 includes a silicon substrate 52a having forned for each pixel in
the formof a matrix for each of a plurality of pixels thereon a switching
drive Alrand drig8cirneit boardy52, asBhopd m Bl(Elfect Transistor) 56 of a C MOS
(Conpl enentary Metal Oxi de Sem conductor) or n-channel MOS type, and an
auxi | i ary diwacansparesit substegiplSyl iaclndes agtasssubkteateidailthving gst al | ayer 53.
Nanely, the FETs 56 and capacitors 57 are disposed in |lines and columms.
Al so, dighthemmsphieno elestrode Satfermzd ovehe meaiarsedd thenexd oppgsit o thendsve9
electrically connected to sources of the FETs 56 and scanning |lines 60
el ect r ictailityboard d2e c tHrt transpatas etdctidde FHESorhéd fromiartentsparesit
perpendi cul ar to each other. The signal lines 59 and scanning lines 60 are
di sposededtricalty eondwdtiveamnhtepiaheuckahs PiQelsdioheTin Oxided whishliay seliéa 61.
Qutside the display area 61, there is fornmed a logic section including a
si gnal solutisr obfn loxidgp(BEn0A addipdmyn vridea@e,dy, facxanfplé mdsisgoade | i nes 59
and a scan driver 63 to apply a selection pulse to each of the scanning
| i nes Gippliet inghdtd gixed areatweith bhaimitba poueritii(peutd peeetial s fortexathple).
normal |y produced in a process in -21

As shown in FIGS. 10, 11 and 12, the drive circuit board 52 includes a silicon

substrate 52a having formed for each pixel in the form of a matrix for each of a
plurality of pixels thereon a switching drive circuit 58 including a FET (Field Effect
Transistor) 56 of a C-MOS (Complementary-Metal Oxide Semiconductor) or
n-channel MOS type, and an auxiliary capacitor 57 to apply a voltage to the liquid
crystal layer 53. Namely, the FETs 56 and capacitors 57 are disposed in lines and
columns. Also, on the silicon substrate 52a, there are formed signals lines 59
electrically connected to sources of the FETs 56 and scanning lines 60 electrically
connected to gates of the FETs 56 in directions perpendicular to each other. The
signal lines 59 and scanning lines 60 are disposed to intersect each other at pixels 61a
in the display area 61. Outside the display area 61, there is formed a logic section
including a signal driver 62 to apply a display voltage to each of the signal lines 59
and a scan driver 63 to apply a selection pulse to each of the scanning lines 60. It

should be noted that the switching drive circuit 58 is normally produced in a process in
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which there is required a higher dielectric strength than that of the logic
circuit because the transistor has to have a dielectric strength
corresponding to the drive voltage to the liquid crystal |ayer 53. Al so,
on the silicon substrate 52a, there is formed a plurality of
general l y-square reflection pixel electrodes 64 electrically connected to
drains of the FETs 56 in the formof a matrix for each of the pixels 61la.
The reflection pixel electrodes 64 are forned froma netal film of

al umi num (Al'), for exanple, showing a high reflectance in the visible
region, nore specifically, a nmetal filmcontaining alum num (Al) as the
base and several percents by weight of copper (Cu) used as a wire in the
LSl piddch there ipresuared ahigher iedentri¢ Sirpngtdidban thattafshe kogic cifbeitr ef | ecti on
pi xel electrodes 64 function to reflect incident light fromthe

t r ans pheeansesho stansistordbs tahave a digletirisssteengtio comgspandingto thiegdrive cryst al

| ayer 53. For a higher reflectance, the reflection pixel electrodes 64 may
have avditegets thecliguidrooysthl layen®Bti |l ayer film |l anminated on the Al | ayer
thereof. Note that the side length of the reflection pixel electrode 64 is
about 8.4 Als@ronh thersdligmpsubstraceh2s, tberadj foremtd a phirelity ohggiexaly-syearer odes
64, nanely, the so-called pixel space, is about 0.6 pm (normally, 0.3 to
0. 7 pnyefbgctiosypiat] ebeatrplies tvb ekeictricallysrcamected toldeaimis odlthg FETR Sédhithed

bet ween adj acent reflection pixel electrodes 64 is about 9 (= 8.4 + 0.6)
pm ( nofomh lof aahatix forteach 5f ting pixalso]a.t HEhe sdfleetivhqrixgli ledtrodeséelt aredes 64
are about 150 to 250 pmthick. Al so, on the surfaces, opposite to each

ot her, fofmedéotnn ansqgtal fihh oflahemimne (Al), dodexdi@ple, showing a high reflectance

in the visible region, more specifically, a metal film containing aluminum (Al) as the
base and several percents by weight of copper (Cu) used as a wire in the LSI
production process and silicon (Si) added to the base. The reflection pixel electrodes
64 function to reflect incident light from the transparent substrate 51, and it applies a
voltage to the liquid crystal layer 53. For a higher reflectance, the reflection pixel
electrodes 64 may have a dielectric mirrorJike multilayer film laminated on the Al
layer thereof.

Note that the side length of the reflection pixel electrode 64 is about 8.4 pm and
the gap between the adjacent reflection pixel electrodes 64, namely, the so-called pixel
space, is about 0.6 pm (pormally, 0.3 to 0.7 um) by way of example herein.
Therefore, the pixel pitch defined between adjacent reflection pixel electrodes 64 is
about 9 (= 8.4 + 0.6) um (normally about 7 to 15 um). Also, the reflection pixel
electrodes 64 are about 150 to 250 pm thick.

Also, on the surfaces, opposite to each other, of the transparent electrode 51 and
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drive circuit board 52, there are forned alignnment filnms 65 and 66,
respectively, which cover the transparent el ectrode 55 and reflection

pi xel el ectrodes 64, respectively. To align liquid crystal nolecul es 53a,
which will further be described later, of the liquid crystal layer 53 in a
predeterm ned direction, the alignment filns 65 and 66 are forned from an
obl i quely evaporated nenbrane forned by depositing an inorganic naterial
such as silicon dioxide (Si02) or the Iike obliquely onto the silicon
substrate 52a or a polyner nenbrane of polyimde or the like having a
rubbed surface. It should be noted that the pretilting direction and angle
of the liquid crystal_ layer 53 are controlled by controlling the direction
of i nciddbrecairamicbeard P thare arefymeds dignmpent fdms Guang 66y respectivedy, iehichane
or by controlling the rubbing direction and conditions for the polyner
nenbr asevendhiertsansparan ¢lgsinodei aandoredlection pigl eleasrades o, nspeetiedydedo in
relation to the light normal to the substrate. The liquid crystal |ayer 53
i s f or rabignfliqwid arystalt mnoldcilesal3agmddch wallifurtben/lse dd:scitibed\m’ieamfrtbcrimmﬁl li quid
crystal having a negative dielectric anisotropy is vertically aligned by

t he aboevgstaklayenddn alpredetemnined|direcabnathe 2bignmeant filins 65eand 6alare/faatiegned
liquid crystal, when applied with no drive voltage, the liquid crystal

mol eculfesmZReotdiquel pevapmrdtedaasinprae foemdddy depogiting amme@ganicanatsribkt r at e
52a and provide a display in black in a so-called "normally black display
nmode" . sQoh taksiloohetiokmied Silheor the pikieszbliguielhontodthiesdicom subgtratet F2a o aui d
crystal nolecules 53a are tilted in a predetermined direction to have the
| i ght tpodymmer neamhrane o pebfimide oe theadlike haviagla mbbed sgsface Hehellnplesl at

that tinme of tilting. Also, in the vertically-aligned liquid crystal, since
-23 noted that the pretilting direction and angle of the liquid crystal layer 53 are controlled

by controlling the direction of incidence and evaporation angle for the
obliquely-evaporated membrane or by controlling the rubbing direction and conditions
for the polymer membrane. Normally, the practical pretilt angle is about 45 to 65 deg.
in relation to the light normal to the substrate.

The liquid crystal layer 53 is formed from a vertically-aligned liquid crystal in
which nematic liquid crystal having a negative dielectric anisotropy is vertically
aligned by the above-mentioned alignment films 65 and 66. In this vertically-aligned
liquid crystal, when applied with no drive voltage, the liquid crystal molecules 53a are
aligned nearly perpendicularly to the silicon substrate 52a and provide a display in
black in a so-called “normally black display mode”. On the other hand, when applied
with a drive voltage, the liquid crystal molecules 53a are tilted in a predetermined
direction to have the light transmittance thereof varied due to a birefringence

developed at that time of tilting.  Also, in the vertically-aligned liquid crystal, since
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the contrast will not be uniformas shown in FIGS. 2 and 3 unless liquid
crystal nolecules 53a are tilted in the sanme directions, so the liquid
crystal is vertically aligned by tilting the long axis of the |liquid
crystal nol ecules 53a through a slight pretilt angle 0 in a constant
direction Xin relation to a line normal to a drive circuit board 52
having the reflection pixel electrodes 64 forned thereon. The pretilted
direction X, that is, the direction in which the Iiquid crystal nolecules
53a are to be aligned, is set nearly diagonal to a display area 61 where
the transmttance is caused to be maxi mum by a conbination with an opti cal
system such as a polarization plate and__the like, nanely, in a direction
of abouhe gontgasy wiliat hesiniforenss shawn o FHGSd2 aadt3 wiess liguiderysal ect i on
pi xel electrodes 64 laid in the formof a nearly square matrix. Also, if
t he pr éeoleculgpgBa age tifed v thessagee dirpetions; 50 the ligridgeryetat iswdrtictdy
deteriorated, the black level will rise to |lower the contrast and the V -T
(dri ve alighed§y tilting dhe ling axis of thaukigeid anysth]l meleaNes 53 thraigles shght
Therefore, the pretilt angle O is normally controlled to fall wthin a
range eietiltapgle @leya cThstagiediréctipnnXiheelabionite aflienmonial donaadrivepcirguit esi n or
the like to provide a sealing of several mcroneters in thickness between
t he al ib@ﬁrdaﬁg havingsthesetlncti@tpixal electybdes6d famsed therearhovifile pestiigddi sper sed
bet ween the transparent substrate 51 and drive circuit board 52. It should
be not eirectian X, Hbakisathentjrantivinan véltichuhe hiquidoenyetd] maleodes 534 hee wilke f aces
of the alignnent filns 65 and 66. In the reflection type liquid crystal
di spl aplighednisebieartyndiagonildo adisplayaeea 61 vdiede tihe tragdrhitfancenig tesed to
transparent substrate 51 passes the liquid crystal layer 53 and is -24

be maximum by a combination with an optical system such as a polarization plate and

the like, namely, in a direction of about 45 deg. that is a nearly diagonal direction of
the reflection pixel electrodes 64 laid in the form of a nearly square matrix. Also, if
the pretilt angle 0 is too large, the vertical alignment will be deteriorated, the black
level will rise to lower the contrast and the V-T (drive voltage - transmittance) curve
will be adversely affected. Therefore, the pretilt angle 0 is normally controlled to fall
within a range of 1 to 7 deg.

The sealing member 54 is formed from an epoxy resin or the like to provide a
sealing of several micrometers in thickness between the alignment films 65 and 66
with glass beads (not shown) being dispersed between the transparent substrate 51 and
drive circuit board 52. It should be noted that the sealing member 54 may be formed
to cover the side faces of the alignment films 65 and 66.

In the reflection type liquid crystal display element 50 constructed as above,

incident light from the transparent substrate 51 passes the liquid crystal layer 53 and is
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reflected by the reflection pixel electrodes 64 at the drive circuit board
52. The reflected light travels in a direction opposite to its direction
of incidence, passes by the Iliquid crystal |layer 53 and transparent
substrate 51 and outgoes fromthe transparent substrate 51. At this tineg,
the liquid crystal layer 53 has the optical characteristic thereof varied
correspondingly to a potential difference of a drive voltage applied
bet ween the transparent el ectrode 55 and reflection pixel electrodes 64 to
nodul e the [|ight passing by. Therefore, the reflection type liquid crystal
di splay el enent 50 can assign intensity |levels by the |ight nodul ation,
and utiljze the nodul ated ref]lected |ight in displaying an inmge. As shown
i n FI crefected byshareflectianpixgl ﬁlgﬁﬁredtrsSGﬁga%@emvee@r@nbb@ardLﬁ&e &sm It
functiong to synthesize color rays of light (R G and B) of the other
nodul atredeqted fght sanplsriamrdireetivnl epposise to ity directan of énidenes; passeablyshe
havi ng passed by the ol arizing beamsplitters 13R, 13G and 13B, and it
| et s t Awjusd aryséalilayen yhandyransparentondsaaterd andpetgoes frone te tFansparant
particularly, the synthesizing prism6 is conposed of four right-angle
pri sms substmthéd . t obyethisetimeathe hawidfasysteblayer 82dias tie optécal charfagteristicat t ached
to each other, of the conponent prisns a dichroic layer which will reflect
| i ght libereafvarieg eeirtspondinglydngr potetivd diffatdnesiof iardyiye valtag appliedesi zes
these color rays of light (R, G and B) into one inmage by reflecting red
| i ght @ORyweenthe tanspatgnt eheeticdgfiSdanst sedleation ipsxdl ajeqientes 64Rotmoduld thére
projection lens 7, allowing green light (G nodulated by the liquid
cr yst allight ppssang paneThe@fore, fhs seflsctiondwpe tignhitecnystil displanelearat 30 cand
reflecting blue light (B) nodul ated by the liquid -25

assign intensity levels by the light modulation, and utilize the modulated reflected

light in displaying an image.

As shown in FIG. 9, the synthesizing prism 6 is a so-called cross-cube prism. It
functions to synthesize color rays of light (R, G and B) of the other modulated light
component (P-polarized light component, for example) having passed by the
polarizing beam splitters 13R, 13G and 13B, and it lets the synthetic light go out
toward the projection lens 7. More particularly, the synthesizing prism 6 is
composed of four right-angle prisms attached together, and has formed on each of the
surfaces, attached to each other, of the component prisms a dichroic layer which will
reflect light having a specific wavelength. The synthesizing prism 6 synthesizes
these color rays of light (R, G and B) into one image by reflecting red light (R)
modulated by the liquid crystal display panel 5R toward the projection lens 7,
allowing green light (G) modulated by the liquid crystal display panel 5G to pass by
toward the projection lens 7, and reflecting blue light (B) modulated by the liquid
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crystal display panel 5B toward the projection |lens 7. The projection |ens
7 functions to project the light fromthe synthesizing prism6, in a

| arger scale, toward the screen S. In the reflection type liquid crystal
projector 1 constructed as above, the dichroic color separation filter 3
and dichroic mrror 4 separate white light emtted fromthe lanp.2 into
red light (R), green light (G and blue light (B). The red light (R), green
light (G and blue light (B) thus separated are S-pol arized conponents, and
pass by the polarizing beamsplitters 13R, 13G and 13B and are i nci dent
upon the liquid crystal display panels 5R, 5G and 5B, respectively. The
red light (R, ?reen light (G and blue light (B) incident upon the liquid
cr yst alcrgstabilisplay-prsct SBRovGGI sipsicctionelepedt i vel y, undergo pol ari zation
nmodul ati on correspondingly to a drive voltage applied to each pixel of the
liquid cryskhe prdjensiomlepaidhnctim)s ©@rajedt 88 loghtt fhemiths isynidbkesizinglpasma, a,
and then reflected toward the pol arizing beamsplitters 13R, 13G and 13B.
Onl y P-ipd largeredalei tgwardahpeomensS.of the red light (R), green light (G and
blue light (B) thus nodulated will be allowed to pass by the polarizing
beam spl i t Harthe tfictiodGypa hauidirystad ppeieciov dl gonshractedrasheboive ethebdichivdc
synthesizing prism®6 into one inmage, and the |ight thus synthesized be

pr oj ectaadort $eparafiont fikep3 epd diclonid mirsor74 separatehwhite lighh eitted friom the col or
image wll be displayed in a |larger scale on the screen S. Note here that

i n the lasf 2mtoaad lighe (R), greeh HglyistG) aml blnedight (B). t The gedtpht (RIggredn om

the liquid-crystal display panel 5Gis displayed being horizontally

| nver t diglitqG)ranlddilue tigho (B hthus edpamatkdrre S -polagizsd fcoapaneats| andipdschy il

di spl ay panels 5R and 5B so -26
polarizing beam splitters 13R, 13G and 13B and are incident upon the liquid crystal
display panels 5R, 5G and 5B, respectively. The red light (R), green light (G) and
blue light (B) incident upon the liquid crystal display panels 5R, 5G and 5B,
respectively, undergo polarization modulation correspondingly to a drive voltage
applied to each pixel of the liquid crystal display panels SR, 5G and 5B on the basis of
video data, and then reflected toward the polarizing beam splitters 13R, 13G and 13B.
Only P-polarized light components of the red light (R), green light (G) and blue light
(B) thus modulated will be allowed to pass by the polarizing beam splitters 13R, 13G
and 13B, respectively, be synthesized by the synthesizing prism 6 into one image, and
the light thus synthesized be projected through the projection lens 7 onto the screen S.
Thus, a color image will be displayed in a larger scale on the screen S.

Note here that in the reflection type liquid crystal projector 1, the green image

from the liquid crystal display panel 5G is displayed being horizontally inverted in

relation to the red and blue images from the liquid crystal display panels SR and 5B so
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that the inmage synthesized by the synthesizing prism6 will coincide with
the green image on the screen S. Also, in the reflection type liquid
crystal projector 1, a color imge is displayed by projecting inmages
corresponding to rays of |ight nodul ated by the liquid crystal display
panel s 5R, 5G and 5B onto the screen S. Wen the drive voltage is zero, the
reflection type liquid crystal display elenent 50 form ng each of the
liquid crystal display panels 5R, 5G and 5B will reflect an incident
S-pol ari zed Iight conponent as it is. In this case, the red light (R
green light (G and blue light (B) will not pass by the polarizing beam
splitters 13R, 13G and 13B, respectively, and provide a display in black

i n t he tsat-thalimege $ymthesized bylthe kynthsgizng msmﬁpwﬂl soincide with thegtreant i on
type liquid crystal display elenent 50, the transmittance will increase
becauséntzige odrtheecreenlS.age rises and the P-polarized |ight conponent having
undergone the polarization nodulation. In the reflection type liquid

crystal prdilgstiarthd refldvtionf type itiepid onathl iprojectbrd, pstoddr intigepk aysplayed s 5R,
5G and 5B, synthesizing prism6 and pol arizing beamsplitters 13R, 133G and

13B ar éyfmojetingritegesicbyrevpdiiiing ehraishufilight moduldtedriey thetliquad chystalk 20.
Because of such an optical block 20, the reflection type |iquid crystal

pr oj ectdispldy paaele5®, 565 hnd SBeomobahe streen & nt Wienithe deive yodtdgets seroptheact .
Note here that in the reflection type liquid crystal projector 1, the

l'i qui d reflyaicy typdiliplid yriztaledispay shemntB®Oforddag @ach ofige ligquidrdrestal n
relation to imges provided by the liquid crystal display panels 5R and 5B
has di fdigsleypanéls SRYSG and SBCwildreflecpamncident S-polarized light component as it
is. In this case, the red light (R), green light (G) and blue light (B) will not pass by
the polarizing beam splitters 13R, 13G and 13B, respectively, and provide a display in
black in the so-called “normally black display mode”. Also, in the reflection type
liquid crystal display element 50, the transmittance will increase because the drive
voltage rises and the P-polarized light component having undergone the polarization
modulation.
In the reflection type liquid crystal projector 1, the aforementioned liquid crystal
display panels 5R, 5G and 5B, synthesizing prism 6 and polarizing beam splitters 13R,
13G and 13B are formed integrally with each other to build one optical block 20.
Because of such an optical block 20, the reflection type liquid crystal projector 1
according to the present invention is designed more compact.
Note here that in the reflection type liquid crystal projector 1, the liquid crystal

display panel 5G which provides an image inverted in relation to images provided by

the liquid crystal display panels 5R and 5B has different alignment direction from
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those of the liquid crystal display panels 5R and 5B, so that the alignnent
directions of the liquid crystal display panels 5R 5G and 5B (the
alignnent directions of the liquid crystal nolecules of the liquid crystal
di splay panels) will be coincident wwth each other in an imge displayed
on the screen S. In this case, when the synthesizing prism6 synthesizes
color rays of light (R G and B) nodul ated by the liquid crystal display
panels 5R, 5G and 5B into one inage, disclinations taking place in the
liquid. crystal display panels 5R, 5G and 5B can be nade to coincide in
shape, size and the |like with each other in an inmage formed, on the screen
S, fromthe |ight synthesized by the synthetic prism6. The above w || be
expl ai rikasq of thedt ctigstali display mgq:lﬁé{ and 8Baap ithat the elighmentidire¢tionsnef

bl ack oblique line L (leftward-ascendi ng oblique line, for exanple) in

whit e the sighid/crystal dasplay parelSS5Rs S€hanvh ) Brithe gigmmentrdir¢ntionsfafdbe lignid ype
liquid crystal projector 1, the liquid crystal display panel 5G shown in
FI G 13Bystabmlolomules of thietliguid coystad displgy panels) wilh beicoomtidéntywitheach ed in
relation to a | eftward-ascending oblique line L | displayed by each of the
| i qui d athersingin inskigepdiaplayedensh&Rererd SSB shown in FIG 13A so that inages
synt hesi zed by the synthesizing prism®6 will coincide with each other on

t he scr eenIfthiShvaselwhemthet syaithesizing prixin 6synthesizes volbr caysotlighti RylGy
panels 5R and 5B in FIG 13A is set to ascend leftward at an angl e of
about 4mdd@pmoduldied by the Hguid erysial displajppamels SRehEdamt SBHato oghimagégnel v,
the alignnment direction X I is nearly diagonal of the display area 61 of

t he af alissiamationsézkihg plict iorths tighidlcryptad yigdleypanelSGR, 58Band 5B can be

made to coincide in shape, size and the like with each other in an image formed, on the
screen S, from the light synthesized by the synthetic prism 6.

The above will be explained in further detail taking, as an example, the display of
the black oblique line L (leftward-ascending oblique line, for example) in white
display on the screen S as shown in FIG. 5.

In the reflection type liquid crystal projector 1, the liquid crystal display panel 5G
shown in FIG. 13B displays a rightward-ascending line L2 horizontally inverted in
relation to a leftward-ascending oblique line L1 displayed by each of the liquid crystal
display panels 5R and 5B shown in FIG. 13A so that images synthesized by the
synthesizing prism 6 will coincide with each other on the screen S.

The alignment direction X1 of the liquid crystal display panels SR and 5B in FIG.
13A is set to ascend leftward at an angle of about 45 deg. with the flexible wire F
being viewed at the right. Namely, the alignment direction X1 is nearly diagonal of

the display area 61 of the aforementioned liquid crystal display element 50.
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Therefore, the | eftward-ascending oblique line L1 and alignnent direction
X1 are nearly coincident with each other in these liquid crystal display
panels 5R and 5B. On the other hand, the liquid crystal display panel 5G
shown in FIG 13Bis aligned in a direction in which the alignnment
direction X 1 of the liquid crystal display panels 5R and 5B is inverted
correspondingly to inversion of an image. Therefore, the alignnent
direction X2 of the liquid crystal display panel 5Gis set to ascend
rightward at an angle of 45 deg. with the flexible wire F being viewed at
the right. Nanmely, the directions X2 and X1 form an angle of about 90 deg.
between themin the plane where they are. That is, in the liquid crystal
di spl afhssefere,ske lttfhward—asgﬂendmgdoldw@rﬂmmbl @i @@manm direetian g(]aaﬁeg nment
direction X2 are coincident with each other. Since in the |iquid crystal
di spl aypepdpisoinddeniiwits Bagh other iim thaseliquadicrvstal|displag panels SEhanh§Bobl i que
line having a thickness of one pixel is represented by black-display

pi xel s 64b%mthmtheF hand, Ithe liguxetrysed disptayspaved SichshowaigEIGst3Bdsi n FI G
14A, curved disclination lines 70a and 70b are forned to extend al ong the
boundaraligsed e a\dxactiphdn wiick thi slpgrmayent die¢ctionaX ddif dbehiquidocnybial display

bl ack-di spl ay pixels 64b and bl ack-di splay pixels 64b froma corner (upper
| eft cqanels 5% apd Gbhisiinvetited camtegpondongly ¢d inversion ofl angmmepet  dihreseforen X1.
On the other hand, since in the liquid crystal display panel 5G shown in
FI G 13k alignmeghdirectibraX2afdhe diquid ogsealldispday paneld @G id sdtcamssendof one

pi xel is represented by the black-display pixels 64b in the white-display
pi xel s rigghdwasd shawangle of 45adepe witlc tHeeflexible wire F being viewed at the right.

Namely, the directions X2 and X1 form an angle of about 90 deg. between them in the
plane where they are. That is, in the liquid crystal display panel 5G, the
rightward-ascending oblique line 1.2 and alignment direction X2 are coincident with
each other.

Since in the liquid crystal display panels SR and 5B shown in FIG. 13A,a
leftward-ascending oblique line having a thickness of one pixel is represented by
black-display pixels 64b in white-display pixels 64a as shown in a larger scale in FIG.
14 A, curved disclination lines 70a and 70b are formed to extend along the boundaries
between the white-display pixel 64a adjacent to the black-display pixels 64b and
black-display pixels 64b from a corner (upper left corner as shown in FIG. 14A)
located in the alignment direction X1.

On the other hand, since in the liquid crystal display panel 5G shown in FIG. 13B,
a rightward-ascending oblique line having a thickness of one pixel is represented by

the black-display pixels 64b in the white-display pixels 64a as shown in a larger scale
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in FIG 14B, curved disclination [ines 70c and 70d are forned to extend

al ong the boundaries between the white-display pixel 64a adjacent to the
bl ack-di spl ay pi xels 64b and bl ack-di splay pixels 64b froma corner (upper
right corner as shown in FIG 14B) located in the alignnment direction X2.
Therefore, in the aforenentioned liquid crystal projector 1, when col or
rays of light (R, G and B) nodulated by the three liquid crystal display
panels 5R, 5G and 5B are synthesized by the synthesizing prism®6 into one
i mage and a | eftward-ascending black oblique Iine L is displayed in white
di splay on the screen S, the disclination Iines 70a and 70b taking pl ace
at the.I&guid crystal display panels 5R and 5B and dischnation Iines 70c
and 70dn#A6. 1¢Bpluredadiselimationdines HeoyandalOdiarsponmed 40 ektend alamg thee made to
coincide with each other on the screen S as shown in a larger scale in FIG
15. As bepodaries betwaehlthe whote-digplayl pigel @dacadjscent tthg blackrdigplagpixels
appropriately display a |eftward-ascending black oblique Iine L in white
di spl aydbrandlelaskrdesplaBpixels 64 fromo atcoamer, (Uppernriglit Gormems skarveh asEHAdi ng

bl ack oblique line L is displayed in white display on the screen S, the

| i ne L 1dd) lbeatdd spilrey aligmpentodirécitonl ¥2. As havi ng been described in the
foregoing, with the reflection type liquid crystal projector | according
to t he pred8mrefons;éntthoaforementopedEgbidecrystap peojector ¢ pivhien cobirmiaggof f r om
taking place in display of an oblique line and thus provide a quality inmage

di spl ayighy (Bl GgandB) mheddlatediby the thtealliqud ecystasdigplay pantis iR, B @ apd 5B
di spl ay panel 5G which provides an inage inverted in relation to those
pr ovi demle bynthiesized bgrthe sgmhdsizRE prism 6 into one image and a leftward-ascending
black oblique line L is displayed in white display on the screen S, the disclination lines
70a and 70b taking place at the liquid crystal display panels SR and 5B and
disclination lines 70c and 70d taking place at the liquid crystal display panel 5G can
be made to coincide with each other on the screen S as shown in a larger scale in FIG.
15.

As above, the reflection type liquid crystal projector 1 can appropriately display a
leftward-ascending black oblique line L in white display on the screen S.  On the
contrary, even 1f a rightward-ascending black oblique line L is displayed in white
display on the screen S, the line L can be displayed appropriately.

As having been described in the foregoing, with the reflection type liquid crystal
projector 1 according to the present invention, it is possible to prevent color staining
from taking place in display of an oblique line and thus provide a quality image

display by aligning the liquid crystal molecules of the liquid crystal display panel 5G

which provides an image inverted in relation to those provided by the other liquid
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crystal display panels 5R and 5B in a direction different fromthose in
which the liquid crystal nolecules of the liquid crystal display panels 5R
and 5B are aligned, so that the alignnent directions of the liquid crystal
di spl ay panels 5R, 5G and 5B will be coincident with each other in an

I mage di spl ayed on the screen S. Enbodi nment: Next, an actually produced
enbodi nent of the reflection type liquid crystal projector 1 according to
the present invention will be explained. A conparative exanple prepared
for conparison with the enbodinent will al so be described. - Enbodi nent
According to the enbodi nent of the present invention, the reflection type
liquid crystal display elenment 50 was produced for each of the three

| i qui d cEYsjaltdisplay panals Shand P8 BR dsestiondgirent from these scwhinh thedisguid qui d
crystal projector 1. Mre specifically, to produce the reflection type

l'i quid ceygtéi molatiudes @fythélhﬂwg erystdl sligplag penelp S&dand Btare ajjgned, soubst r at e
having the transparent electrode formed thereon froman |ITO |ayer, and the
si | i cotthe abgnmaniedinestiong aftike Siquid eryseaf displayopanmlx &R, 8Geutd SBexill bor ned
thereon froman Al layer. After the el ectrodes were washed, the alignnent
fil m ofoyididerdrwith ea¢hiethanin ablimngge disptasmdorathedschgena$. evapor ati on
apparatus on the glass and silicon substrates. It should be noted that the
pi xel pitckEnlfoditment:ef| ecti on pixel electrodes was 9 m ad the pixel space
Cwas 0.6 m The alignment filmwas 50 mm thick, and the angle of

evapor at i oiNeat, arhactuilly prashiced iemhodamentof the! refidction Bfpe limgd cirystal he

pretilt angle of the liquid crystal to be about 2.5 deg. Also, the liquid
-31 projector 1 according to the present invention will be explained. A comparative

example prepared for comparison with the embodiment will also be described.

- Embodiment

According to the embodiment of the present invention, the reflection type liquid
crystal display element 50 was produced for each of the three liquid crystal display
panels SR, 5G and 5B of the reflection type liquid crystal projector 1. More
specifically, to produce the reflection type liquid crystal display element, there were
produced the glass substrate having the transparent electrode formed thereon from an
ITO layer, and the silicon substrate having the square reflection pixel electrodes
formed thereon from an Al layer. After the electrodes were washed, the alignment
film of silicon dioxide was obliquely evaporated by an evaporation apparatus on the
glass and silicon substrates. It should be noted that the pixel pitch of the reflection
pixel electrodes was 9 um, ad the pixel space C was 0.6 um. The alignment film was
50 nm thick, and the angle of evaporation of the alignment film was controlled to 55

deg. for the pretilt angle of the liquid crystal to be about 2.5 deg.  Also, the liquid
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crystal was pretilted (liquid crystal nolecules were aligned) nearly
diagonally of the reflection pixel electrode. Next, an appropriate nunber
of glass beads of 2 Amin dianeter were dispersed between both the
substrates each having the alignnent film fornmed thereon, and the sealing
menber of epoxy resin was used to seal the edges of the substrates being
pl aced opposite to each other. Next, a nematic liquid crystal material
having a negative dielectric anisotropy (available from Merck Ltd.) was
injected to between the substrates to formthe reflection type liquid
crystal display element 50 having a cell thickness of 2 Am The reflection
type liquid crystal display elenment 50 was produced in tw types A and B.
| n t he aryptel was pretilégd @lqt@%t:rsdsltalenole@ulesmerseaﬂlgmd)aswhddiaghna&y df the an
angl e of about 45 deg. nearly diagonally of the reflection pixel electrode
wi t h t reflectlion phied eldctrode. b&Naxd, an apmwdpriate membergdl glasmbedds afyZoenmBn
alignnment direction was set to ascend rightward at an angl e of about 45
deg. widihmeter weredispersed betweehdiotly the swbstratesteachdavinghthe aligmmeng diloh
crystal display panels 5R and 5B used the type A, while the liquid crystal
di spl ayfopmadith&r€onsant thessenlipg ménbdinefyepoxyaesimseabuised toagal theredges pfoduce

the reflection type liquid crystal projector 1 according to the enbodi nent
of t he thpisubsintes heimgtplaced eppositpdo aclk etleranPlext,A nemptic Hguidkcnysfal ect i on
type liquid crystal projector 1 was nmade simlarly to the enbodi nent of
t he pr aneterial heemgi onegativeliclebwic mdsttrapy {(hvailablerfeomiviesokebtd.) wasd - 32
injected to between the substrates to form the reflection type liquid crystal display
element 50 having a cell thickness of 2 um.
The reflection type liquid crystal display element 50 was produced in two types
A and B. Inthe type A, the alignment direction was set to ascend leftward at an
angle of about 45 deg. nearly diagonally of the reflection pixel electrode with the
flexible wire F being viewed at the right. In the type B, alignment direction was set
to ascend rightward at an angle of about 45 deg. with the flexible wire F being viewed
at the right.
The liquid crystal display panels SR and 5B used the type A, while the liquid
crystal display panel 5G used the type B. They were assembled together to produce
the reflection type liquid crystal projector 1 according to the embodiment of the
present invention.
- Comparative example

A comparative reflection type liquid crystal projector 1 was made similarly to the

embodiment of the present invention except that each of the aforementioned liquid
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crystal display panels 5R, 5G and 5R used the type A. The occurrence of
color staining on an i mage displayed on the screen S was observed on each
of the reflection type liquid crystal projector according to the
enbodi ment and conparative reflection type liquid crystal projector. Note
that a nonoscopic pattern shown in FIG 16A was used as an image for the
above observation. Right and left oblique lines at the central portion of
the nonoscopic pattern were observed. Further, there were used for such an
observation a plurality of |eftward-ascending oblique |ines each having a
t hi ckness of one pixel and a plurality of rightward ascendi ng oblique
| i nes each having a thickness of _one pixel, forned in white display as
shown iaryRelisphy. panels R, 20mndr 3R vsed Ehﬁﬂ}@@tA on type liquid crystal
projector, the rightward-ascending oblique |ines which should be displayed
in bl ack apl”;hfa@ce:mmce ob colprestdiningsoman imgge displayedwhi die serédn havasesul t ed
fromm xi ng of black and magenta, and the rightward-ascendi ng oblique
| i nes apperreddomeandihereledtiontypedepad atystal projecton desordihgwatite ascendi ng
oblique lines. On the other hand, in the reflection type liquid crystal
pr oj ectambediowntiand companativeerefledtiontype tigeidecrystal pmjectono such col or
staining. Also, in this enbodi nent using the liquid crystal display
el ement of Néte thgtpen®nascapie patteun shawy st EIG dl 6Alveas yeededsambiRagenitr B8 whi | e
using the type A as the liquid crystal display panel 5G there was al so
f ound rebosecibsenlationst Righihand st obliduedikendsratithe tewtnalt pratieh@fehe t he probl em
of color staining can be solved -33

monoscopic pattern were observed. Further, there were used for such an observation

a plurality of leftward-ascending oblique lines each having a thickness of one pixel
and a plurality of rightward-ascending oblique lines each having a thickness of one
pixel, formed in white display as shown in FIG. 16B.

In the comparative reflection type liquid crystal projector, the
rightward-ascending oblique lines which should be displayed in black appeared as
oblique lines having a color which will be resulted from mixing of black and magenta,
and the rightward-ascending oblique lines appeared greenish-black ones separately
from the leftward-ascending oblique lines.

On the other hand, in the reflection type liquid crystal projector according to the
embodiment, there was found no such color staining.  Also, in this embodiment using
the liquid crystal display element of the type B as the liquid crystal display panels SR
and 5B while using the type A as the liquid crystal display panel 5G, there was also
found no such color staining.

As will be known from the above, the problem of color staining can be solved
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and hence image quality degradation can be prevented by aligning the |iquid
crystal nolecules of the liquid crystal display panel which provides an
i mage inverted in relation to those provided by the other liquid crystal
di splay panels in the direction in which the alignment direction of the
other liquid crystal display panels is inverted. The plurality of liquid
crystal display panels used in the liquid crystal projector 1 can be
sorted into the liquid crystal display panel 5G which provides an inverted
i mage and the liquid crystal display panels 5R and 5B dependi ng upon which
the nunber of tines the nodul ated color rays of light (R G and B) are
reflected until they are synthesized by the synthesizing prism6 is, odd or
even (iand Rencsdmage gualityrdegradatien can bepagventdd by aligning the diquid crystal
addi tionally provided between the liquid crystal display panel 5G and
pol ar i ZnAtpcblesrafdpe liguid crystl displ#ie paned relehprovides pn duage invertadain
projector 1 as shown in FIG 7 permts the liquid crystal display panels
5R, 5G retgitpnss thpse providesd bythe @@péhqmdjmpuaéalsa&ay panpds W t}mvﬁredWi ing to
invert the image displayed on the liquid crystal display panel 5G
Howev erwhichghg@lignment gfreetien ptheeathenliquidrerystabdisplayt penedpisiiouerted.ock 20
w |l cause the optical distances fromthe liquid crystal display panels
5R, 5G and BB plorality of digwidhesystalrdjsplay panestusedan thef figridrarystabprogeator bt her ,
resulting in a reduction of brightness or a simlar problem Also, to
equal i zantbeesatad ot thii kqeidergstat displaytpanel SGowbich povakesanihweredas to be
designed larger, which will lead to an increased nunber of parts and thus
cannot lghagzdnstha dispid cxystel tdasplay penels SR aunik § Bgtepehdinigeupaaf whadhi the  t ype
liquid crystal projector 1. -34

number of times the modulated color rays of light (R, G and B) are reflected until they

are synthesized by the synthesizing prism 6 is, odd or even (including zero).

Therefore, a total-reflection mirror 21 additionally provided between the liquid
crystal display panel 5G and polarizing beam splitter 13G in the aforementioned liquid
crystal projector 1 as shown in FIG. 7 permits the liquid crystal display panels 5R, 5G
and 5B all of the same type to display an image without having to invert the image
displayed on the liquid crystal display panel 5G.

However, the addition of the reflection mirror 21 in the optical block 20 will
cause the optical distances from the liquid crystal display panels 5R, 5G and 5B to the
synthesizing prism 6 to be different from each other, resulting in a reduction of
brightness or a similar problem. Also, to equalize the optical distances, the optical
block 20 as a whole has to be designed larger, which will lead to an increased number
of parts and thus cannot disadvantageously attain a compact design of the reflection

type liquid crystal projector 1.
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Note that the present invention is not limted to the aforenentioned
construction of the reflection type liquid crystal projector 1 shown in
FIG 9 but is applicable to a construction in which a dichroic cross
mrror 22 formed froma conbination of two dichroic mrrors is used as a
i ght synthesizing neans in place of the synthesizing prism®6, for

exanple, as in a first variant shown in FIG 18. Also in this case, the-
color rays of light (R, G and B) can be synthesized into one imge by
reflecting red light (R) nodulated by the Iiquid crystal display panel 5R
toward the projection lens 7, allowing green light (G nodul ated by the
liquid crystal display panel 5Gto pass by to the projection lens 7 and
ref | ect i ng Notadhatithepresent invsativadsaobymited tpitheipfprempstiancdicenstaictianel 5B
toward the projection |lens 7. Also, the reflection t Ee liquid crystal

pr oj ectafrthesefinctiondype lignid pryetad projeriordrhiosyn mﬁltas% fbisrapplichblsito ai rr or s
23, 24, 25 and 26 in place of the synthesizing prism6 as in a second

var i antcosrgugiiomitFrwlEichnadiobroicaossmirzor 22 formerhfrointa wombdmagiont distvel chr oi ¢
mrror 23 functions to separate white light emtted fromthe lanp 2 into
bl ue | idighroi@migars istised as allightsapthesizing gicang i pkucd ofthe synthesizingf | ect s he
separated blue light (B) toward the polarizing beamsplitter 13B while

al | owi pgisohé, farrexampde,cas inayArsovariagtrshowm® bmBl&)18.0 pass by. The dichroic
mrror 24 functions to separate the other color rays of light (R and §

into red |iAjso in B)is case thy eelor rayshof l{ight,(Raftland Bilcanwe syhthesigedriatceone ed
light (R) to pass by toward the polarizing beamsplitter 13R while

r ef | ectimagetblyerefleptingtredilighte@) mbdhlatdddy thmbquidtdrgstabdisplayzangl 5Bam
sputter 13G. The dichroic mrror 24 allows the red light (R) -35
toward the projection lens 7, allowing green light (G) modulated by the liquid crystal
display panel 5G to pass by to the projection lens 7 and reflecting blue light (B)
modulated by the liquid crystal display panel 5B toward the projection lens 7.
Also, the reflection type Iiquid crystal projector according to the present
invention may use four dichroic mirrors 23, 24, 25 and 26 in place of the synthesizing
prism 6 as in a second variant shown in FIG. 19.
Of the above four dichroic mirrors, the dichroic mirror 23 functions to separate
white light emitted from the lamp 2 into blue light (B) and other color rays of light (R
and G), and it reflects he separated blue light (B) toward the polarizing beam splitter
13B while allowing the other color rays of light (R and G) to pass by. The dichroic
mirror 24 functions to separate the other color rays of light (R and G) into red light (R)
and green light (G), and it allows the separated red light {R) to pass by toward the
polarizing beam splitter 13R while reflecting the separated green light (G) toward the

polarizing beam splitter 13G. The dichroic mirror 24 allows the red light (R)
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nodul ated by the liquid crystal panel 13R to pass by toward the dichroic
mrror 25 while reflecting the green light (G nodulated by the liquid
crystal display panel 13G toward the dichroic mrror 25. The dichroic
mrror 25 allows the blue light (B) nodulated by the liquid crystal

di spl ay panel 5B to pass by toward the projection lens 7 while reflecting
the red and green rays of light (R and G nodulated by the liquid crysta
di spl ay panels 5R and 5G toward the projection lens 7. In this case as
well, the color rays of light (R, G and B) can be synthesized into one

i mmge. Note that the present invention is not limted to the aforenmentioned
reflection _type liquid crystal projector 1 but is wdely applicable to a
pr oj ectmedulaigskby ihﬂlh@llldc,(‘rfy%tﬂhpaléﬁlslléll?a‘,ﬂ prssibhydontird theidispreigsnigrori 3age by
synthesizing a plurality of color rays nodul at ed based on video data and
pr oj ect While refdecting thewgreen light (Gnmedulated by the ligeid crysial gisplanpanehdf i on
is not limted to the reflection type liquid crystal display elenents

usi ng tloawvasd thedishroicmararedy.i cBhe dichroigmayrari ﬁ:al&bm shet bluedighti(B) i s

w dely applicable to a projection type |liquid cr{FtaI di spl ay device which
uses | i godulated by the liguidprastabdispiat panebSBoto pase baftowend: the priogettiopdess and
which will incur no disclination. In the foregoing, the present invention
has beehwaleaeflpeting thewedaind grean says ofglightd(R andhG) meddirlated tonthediquadt s

t hereof as exanples with reference to the acconpanying draw ngs. However,
it shoutrystabdispirs panedsiSByandntsdowart therprojectiokilened. i n thie case at well, t he
present invention is not limted to the enbodi nents but can be nodified in
var i oustheaoharays oblight (Rt ©dindl Becambé sythesived mtodinedmiagevar i ous ot her -36

Note that the present invention is not limited to the aforementioned reflection
type liquid crystal projector 1 but is widely applicable to a projection type liquid
crystal display device which displays an image by synthesizing a plurality of color
rays modulated based on video data and projecting the synthetic light onto a screen.

Also, the present invention is not limited to the reflection type liquid crystal
display elements using the aforementioned vertically-aligned liquid crystal but it is
widely applicable to a projection type liquid crystal display device which uses liquid
crystal display elements not of the aforementioned types and which will incur no
disclination.

In the foregoing, the present invention has been described in detail concerning
certain preferred embodiments thereof as examples with reference to the

- accompanying drawings. However, it should be understood by those ordinarily
skilled in the art that the present invention is not limited to the embodiments but can

be modified in various manners, constructed alternatively or embodied in various other
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forms without departing fromthe scope and spirit thereof as set forth and
defined in the appended clains. CLAIMS.: 1. A projection type liquid
crystal display device conprising: a plurality of liquid crystal display
panel s provided correspondingly to a plurality of colored Iight and which
nodul ate the colored |ight based on video data; a |ight synthesizing nmeans
for synthesizing the colored |ight nodulated by the |liquid crystal display
panel s, respectively, into one imge; and a projecting nmeans for projecting
the synthetic |ight produced by the light synthesizing nmeans onto a
screen, wherein the alignnent direction of one of the liquid crystal

di spl ay panel which provides an inmage inverted in relation _to inages

provi déermsy witheubdepartingdtem the yeeps andispipt therpeias st ferth epddgéacd an be
different fromthe alignnment directions of other the Iliquid crystal

di spl ayhpappsndedsdaizs.t o be coincident- with each other in an imge

di spl ayed on the screen. 2. The device according to claiml1, further
conprising: a light source; and a |light separating nmeans for separating
light emtted fromthe light source into a plurality of colored |ight,
wherein the plurality of liquid crystal display panels nodul ate the
plurality of colored |ight separated by the Iight separating neans. 3. The
devi ce according to claim 2, wherein:

-37 -



the light separating neans separates the light emtted fromthe |ight
source into -38 colored light corresponding to three primary colors of red,
green and blue; the plurality of liquid crystal display elenments includes
three liquid crystal display panels corresponding to the red, green and
blue as the three primary colors; and at |east the alignnment direction of
one of the liquid crystal display panels is different fromthe alignnent
direction of the other liquid crystal display panels. 4. The device
according to any one of clainms Ito 3, wherein the alignnment direction of

t he quukﬂﬁgfy tal display panel displaying the inverted inage is arranged
to a di hg which the alignnment directions of the other liquid crystal
di spl ay ﬁanels ar.e .inverﬁed, orrespondi ng to the inmage inversion by the
Iight synt hed Bioiertiautype Ixjuidceysiel\disl ay dewicei aoguprasiagai m 4, wherein the
al i gnnment direfti_n of .the liquid, crystal-displg¥ panel displaying the

i nverted i me@®WRliy of bgekt crasied dispiasipanels proniderd compspameingly do mgduidity of
the other |iquid crystal display panels in the plane of the liquid crystal
di spl ay Bgﬁ@o.fe‘t.hghgén@é‘(hlﬁlé atgithg coloremlightbased amvidepelatadi ng cl ai ns,
wherein one of the |iquid crystal display panels further conprising: a
transparent 8d&i88t pyrthesizingmenns fucyothesizing thetaderedhbghomodutatahbp dhent

el ectrodg and an alignment filmwhich covers the transparent el ectrode; a
drive ci Hauid coystal dispilay paesls ojgspedtively, éntohene insagspandnt  substrate and
having fornmed on a main side thereof opposite to the transparent el ectrode
a plurality ®prejeripeg means for projecting the synthetic light produced by the light

synthesizing means onto a screen,

wherein the alignment direction of one of the liquid crystal display panel which
provides an image inverted in relation to images provided by the other quﬁid crystal
display panels is arranged to be different from the alignment directions of other the
liquid crystal display panels, so as to be coincident with each other in an image
displayed on the screen.
2. The device according to claim 1, further comprising:

a light source; and

a light separating means for separating light emitted from the light source into a
plurality of colored light, |

wherein the plurality of liquid crystal display panels modulate the plurality of
colored light separated by the light separating means.

3. The device according to claim 2, wherein:

the light separating means separates the light emitted from the light source into
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circuits and reflective pixel electrodes corresponding to pixels and an
alignnment film-39 which covers the plurality of reflective pixe

el ectrodes; and a liquid crystal |ayer interposed between the alignnent
filmon the transparent substrate and that of the drive circuit board, the
liquid crystal |ayer being a vertically aligned liquid crystal has a
negative dielectric anisotropy and in which liquid crystal nolecules are
pretilted by the alignnent filmin a predeterm ned direction. 7. The
device according to claim®6, wherein the alignnment direction of the liquid

crystal display panel is generally di,agonal direction of the pixels formng
a displ a901%§?€§gﬁh¢owoa§m&@ %@%%Pranwgy celazs a?ﬁ% geeryandhliezi n t he
liquid crystagl display panel is _driven by a frame _ inversjon drive_ which
inverts the %éPTEHSFY&If%&U@ crastal slisplay elcsnents dncludesbses ligwig crystahe. 9.
The devi ce ﬁ:cordi ng to any, one of clains 6 to 8 wherein the gap between
the adj S5PHY PaReds eprrespondiag kxthevedpgresn agdddue asdhe theepprmarpeolasss. 10.
The device_according to any one of the preceding clains, wherein the
plurali t?ﬂdof liquid crystal display panels are sorted into a first group
of the liquid crystal display, panel which provides an inverted image and a
second gr oupaideastiibe gligament direetien 9 one of theslimaid grastel dispayepatietsyisupon a
nunber of tinmes which the nodul ated colored light are reflected until they
are synt Adtereatitom thealignment dlivectign wiitberother lspdd orystalatisglappanelisng zer o) .

4. The device according to any one of claims 1 to 3, wherein the alignment

direction of the liquid crystal display panel displaying the inverted image is arranged to

a direction which the alignment directions of the other liquid crystal display panels are

inverted corresponding to the image inversion by the light synthesizing means.

5. The device according to claim 4, wherein the alignment direction of 'the liquid
crystal display panel displaying the inverted image is different about 90 deg. from the
alignment directions of the other liquid crystal display panels in the plane of the liquid
crystal display panel.

6. The device according to any one of the preceding claims, wherein one of the
liquid crystal display panels further comprising:

a transparent substrate having formed on a main side thereof a transparent
electrode and an alignment film which covers the transparent electrode;

a drive circuit board disposed opposite to the transparent substrate and having
formed on a main side thereof opposite to the transparent electrode a plurality of drive

circuits and reflective pixel electrodes corresponding to pixels and an alignment film
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11. An optical block for use in a projection type liquid crystal display
device in which a plurality of colored |Iight nodul ated based on video data
are synthesized into -40 one imge and the synthetic light is projected as
an imge onto a screen, the optical block conprising: a plurality of
liquid crystal display panels provided correspondingly to the plurality of
colored |ight and which nodul ate the colored |light based on video data; a

| i ght synthesi zin ans f.or hesi zi n he col ored |ight nodul ated by
t he quu?‘%“@? §}g¥e§g ﬂgg?&%{f‘yp%ﬁl’é cliyep Fiﬂ?é‘[%}i,esifm one image; and
wherein the alignpent direction of qne of the |iquid ¢rystal display panel
‘which provi ab&ggﬂgﬁy éa}"’fwétftf%ﬁeﬂﬂ)thg@ thenalignmentdalan ppdbe gagsparenhe
other liquid crystal i spl.ay panels is_arranged to be different fromthe
al i gnneng&bqt‘faé%gﬂ‘g?@t&%té?ﬁ@r"et‘:ﬁ@mtlh‘?@[ﬁﬂad crystal display panels, so as to
be coi nci den‘L‘h L th each other in an ir,ra%e di spl ayed on the screen. 12. The
optical bloc %ﬁ%ﬂdﬁrwak layer being pvertipalhepHgned lignid eysta) has a negative
crystal _display panels includes three liquid crystal di splg‘g panel s
cor r es poflHleirie gnisptrapyand igrwbichdianié cugstalsnelecalespre protiltesobpthe, and at
| east the alignnment direction of one of the liquid crystal display panels
i s di fferBERMERGIHMAR apEdeietmined; disastionn of the other liquid crystal
di spl ay ﬁanel s. 13. The optical block according to claim1l or 12, wherein
the al i ghnenfhedeeiseiasaording ¢ elapm ,vehereiquthe adignsent dirgetibs of itspligyichg t he
inverted image is arranged to a direction which the alignment directions
of the otmstalidisplay pangiss genenadly diggonal directipr of the pixels forming a display
area.
8. The device according to claim 6 or 7, wherein the liquid crystal display panel is
driven by a frame inversion drive which inverts the polarity of a drive voltage for each
video signal frame.

9. The device according to any one of claims 6 to 8, wherein the gap between the

adjacent ones of the reflective pixel electrodes is 0.7 wm or less.

10.  The device according to any one of the preceding claims, wherein the plurality
of liquid crystal display panels are sorted into a first group of the liquid crystal display
panel which provides an inverted image and a second group of the other liquid crystal
display panels depending upon a number of times which the modulated colored light
are reflected until they are synthesized by the synthesizing prism is, odd or even

(including zero).
11. An optical block for use in a projection type liquid crystal display device in

which a plurality of colored light modulated based on video data are synthesized into
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I nverted corresponding to the inmage inversion by the |ight synthesizing
means. -41 14. The optical block according to any one of clains 11 to 13,
wherein the alignment direction of one of the liquid crystal display
panel s displaying the inverted image is about 90 deg. difference fromthe
alignment directions of the other liquid crystal display panels in the
pl ane of the liquid crystal display panel. 15. The optical block according
to any one of clains 11 to 14, wherein the liquid crystal display panel
i ncludes: a transparent substrate having forned on a main side thereof a
transparent , electrgﬁe and an_al i gnment fil mwhich covers the transparent
el ect r od&R€ 4m@ee gad ¢he symthelie light i ppisssed appodinage pota & ecteenhparpeical
substrate_and having forned on a nain side thereof opposite to the
transpargh¥ﬂ%¢%@Pm8@€3a plurality of driv <circuits and reflective pixe
el ectrodes corresponding to pixels and- an alignnent film which covers the
plurality of@ P@ﬁﬁ@t oRkqpidasystel éisplaydeanelapuvaddd cprrespongitgdy to gyer
i nterposed between the alignment filmon the transparent substrate and
that of PH&alky vkcelprasiiighttasgr whichhmotlbué theceoloteal liglaytased ennddeo data;
vertically aligned liquid crystal has a negative dielectric anisotropy and
in which I i quilight pyrthesizing meaneforayathmsizing therlcdiypradbghtambdolment by ilen i n a
predeterm ned direction. 16. The optical block according to claim15,
wher ei n Hpueidaerygiahdinplay pandls,anspdctiviely, ihfocpriedineagestall di spl ay panel is
general l'y diagonal direction of the pixels formng a display area.

wherein the alignment direction of one of the liquid crystal display panel which

provides an image inverted in relation to images provided by the other liquid crystal
display panels is arranged to be different from the alignment directions of other the
liquid crystal display panels, so as to be coincident with each other in an image
displayed on the screen.

12. The optical block according to claim 11, wherein the plurality of liquid crystal
display panels includes three liquid crystal display panels corresponding to the red,
green and blue as three primary colors, and at least the alignment direction of one of
the liquid crystal display panels is different from the alignment direction of the other
liquid crystal display panels.

13.  The optical block according to claim 11 or 12, wherein the alignment direction
of one of the liquid érystal panels displaying the inverted image is arranged to a
direction which the alignment directions of the other liquid crystal display panels are

inverted corresponding to the image inversion by the light synthesizing means.
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17. The optical block according to claim15 or 16, wherein the liquid
crystal display -42 elenent is driven by a frame inversion drive which
inverts the polarity of a drive voltage for each video signal frame. 18.
The optical block according to any one of clainms 15 to 17, wherein the gap
between the adjacent ones of the reflective pixel electrodes is 0.7 mor
less. 19. The optical block according to any one of claims 11 to 18,
wherein the plurality of liquid crystal display panels are sorted into a
first gro% of the liquid crystal display panel which provides an inverted
i mage and a seddfdrgicaliplogk agerrdigter ?}ny ﬁmﬁ af gl:alynf ég to d:3s pzlhgy?lpalgfl Sar .
dependi n on a nunber of ti whi ch the npdul ated col ored | ght

r e]P | ect eg aﬁglfﬂinﬁﬂi ﬂ%?c%ﬂne()é%ﬁ W%ilﬁi!éﬁu%yr}t% disnleyipeneds displayisgthsinvedddor

even (i ”%h%gé 5htout %'deg,. difference from the alignment directions of the other liquid
crystal display panels in the plane of the liquid crystal display panel.
15, The optical block according to any one of claims 11 to 14, wherein the liquid
crystal display panel includes:

a fransparent substrate having formed on a main side thereof a transparent
electrode and an alignment film which covers the transparent electrode;

a drive circuit board disposed opposite to the transparent sﬁbstrate and having
formed on a main side thereof opposite to the trah'sparent electrode a plurality of driv
circuits and reflective pixel electrodes corresponding to pixels and an alignment film
which covers the plurality of reflective pixel electrodes; and

a liquid crystal layer interposed between the alignment film on the transparent
substrate and that of the drive circuit board,

the liquid crystal layer being a vertically-aligned liquid crystal has a negative
dielectric anisetropy and in which liquid crystal molecules are pretilted by the
alignment film in a predeterminéd direction. |
16. The optical block according to claim 15, wherein the alignment direction of the
liquid crystal display panel is generally diagonal direction of the pixels forming a
display area.

17. The optical block according to claim 15 or 16, wherein the liquid crystal display
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element is driven by a frame inversion drive which inverts the polarity of a drive

voltage for each video signal frame.

18.  The optical block according to any one of claims 15 to 17, wherein the gap
between the adjacent ones of the reflective pixel electrodes is 0.7 pm or less.

19.  The optical block according to any one of claims 11 to 18, wherein the plurality
of liquid crystal display panels are sorted into a first group of the liquid crystal display
panel which provides an inverted image and a second group of the other liquid crystal
display panels depending upon a number of times which the modulated colored light
are reflected until they are synthesized by the synthesizing prism is, odd or even

(including zero).
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