TI TLE OF THE | NVENTI ON Liquid Crystal Display Device, and Optical Bl ock
BACKGROUND-OF THE INVENTI 1. Field of the Invention The present invention
relates to a projection type liquid crystal display device which
-synthesizes a plurality of color rays of |ight nodul ated based on vi deo
data into one inmage and. projects the synthetic |ight 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 clainms 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
li qui dllddys Qff Télts PINRENEIO®e by way of exanple. This projection type
liquid crystal display device, indicated with a reference 100, is a

sol - cdligend CrystalDgsplay Deaviess anddDpdcalrBleckl projector. That is, the
projection type liquid crystal display device 100 uses three |liquid

cryst BACKGROUTNIN OB THE INMENTIng to three primary colors (red, green
and blue), respectively. As shown in FIG 1, the liquid crystal projector

100 i decl uddeldtdfrthe Inwentiozi ng beam sputters 101R, 101G and 101B, liquid
crystal display panels 102R, 102G and 102B, synthesizing prism 103,
proj ect i oTHeepresdri4nzention selatstoS projectidittype diguid crystal 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 thc Japanese Patent Application No.
2003-322300 filed on September 12, 2003, the entirety of which is incorporated by
reference herein. |
2. Description of the Rélated Art
FIG. 1 shows a projéction type liquid crystal diéplay 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 projectioh 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 S’. In the liquid
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-1 crystal display projection 100, light emtted froma |ight source such
as a lanp or the like is'split into three color rays of |ight
corresponding to three primary colors, respectively. The split red |light
(R, green light (G and blue light (B) are guided by the polarizing beam
splitters 101R, 101G and 101B, respectively, to the liquid crystal panels
102R, 102G and 102B, respectively, which will nodulate the incident red
light (R), green light (G and blue light (B), respectively, on the basis
of video data. The nodulated red light (R, green light (G and blue |ight
(B) are synthesized by the synthesizing prism 103 into one inmage. The

- synthetic light thus produced is projected through the projection |ens 104
onto tdrgstatdsphayJrogectiva b00,ilighticntitted froth i ghtadniée f1tPALL lAARBEH 2
| arger scale. Note here that each of the liquid crystal display elenents
used dike Replit mbdluaerodbﬁtaﬁicﬁm%uc@ éndifigfte tﬂi‘é%%rﬁﬁgrgl&ﬂgrs,
respectively, is generally of either a ransm ssion or réflection type.
The t rrapsavtiselyon Thdsplit dili:1r(RSL i s oW . i ght
froma back | i}ght di g%osed g% t(ﬁZ’ %ggﬁ %ﬁ@%?hfﬁﬁﬁ% %1 }r?’gs&“rli‘;)sﬁslg:é .léédaol%&t he

ot her thapdlariZifgg behiasplitels 10PR, 1006 TR FesPbRehy, ts'tﬁ@ﬁapiodr’% tal

nodul ate” incident iight for refiection. There bei ng demands

proj eGiaelsM 03R,2102@ aada miqi,ireé;ﬁécﬁﬂe%{e vﬂiii&%ﬁ%’mg@ﬁlﬁt NACidenfifdd heand a

hi gher brightness, the reflection ty Iquid crysta I splay el enent has

been JRYL SENERHITEY aRADITR IR (BLIGARIIEN, BRARKE Bilsis! It EAFHAGS, e

prom si ng di spltay dévice tha n sig I'splay w a’” higher

| Slv. ef Ln;ﬁl&ﬁiaguﬁgérmrdaqygqﬁmpgﬁeeﬁqw%}) b GEne8) ASKutRkidd by 4 | 1 ght
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
transmuission 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.



efficiency. -2 Mre specifically, the reflection type liquid crystal

di spl'ay el enent includes a glass substrate having provi ded thereon a
transparent electrode formed froman electrically conductive material such
as I TO (IndiumTin Oxide), a drive circuit board having provided thereon
reflection pixel electrodes formed froman al um num based netallic
material and a liquid crystal layer filled between the glass substrate and
drive circuit board which are di sposed opposite to each other and seal ed
all along the edges thereof with a sealing nenber. Al so, each of the
surfaces of the glass substrate and drive circuit board, opposite to each
ot her, has provided thereon an alignnment filmto align the liquid crystal
in a preddflererspanifidaliyche oefledtion type lifuid ctysoal diyplaylelement iachirlegla di spl ay -
el enent, a voltage is applied between the transparent el ectrode and

r ef | ecglasmsybiskate bdvingrprderiedphosiohe franspaedntalbatodofrrdyrommre! ectric
field to the liquid crystal layer. Then, the liquid crystal layer is varied

in  optlecteicalljaoaduetive materdalrsueh pe TIONdhylivA-FnfOkRIRY,| 2rigé tretR Bodrd -
between the el ectrodes to nodulate the |ight passing by the liquid crystal

| ayer . haWing piovided therebairbRedticipixey BRctrodes orghathirdn Sh amlﬁhuﬁ{%ﬁféa can
assign intensity levels by the I'1ght nodul ation. The liquid crystals used

as sucieslié teriall 3l #liqdidolyial thRiTilled Botwslh the s sBlstrAE Rl drivd AUl d

crystal (will be referred to as "TN liquid crystal"” "hereunder) whose

051 <o R ot ifupl st kg gl
\di el echerdofGoifts haBhlifg hlember.  Also, each of the surfaces of the glass substrate and

drive circuit board, opposite to each other, has provided thereon an alignment film to

align the liquid crystal in a predetermined direction.

In the reflection type liquid érystal display element, a voltage is applied between
the transparent electrode and reflection pixel electrodes opposite to eéch 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 crystals 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 (= £([) —€(1)) 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 liguid crystal”. In the TN liquid
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perpendicular to the long axis of the liquid crystal nol ecul es) goes

positive. This TN liquid crystal is also called "horizontally-aligned
liquid crystal”. Inthe TNIliquid -3 crystal, when applied with 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 "normally 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 in
the 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

dri ve crydtaly gehersappliedowithant didve eolthge) liquidreeysthl mdlddulaauat appet besgyer al

to 10 deg. in practice. Also in these days, an liquid crystal display

el enemearlyihogizonvally twistdd/inalelaimdto thequbeitratey ah@ providehi cﬁk?lia?flﬁt\irl‘ﬁté i qui d
crystal having a negative dielectric anisotropy is vertically aligned has

been ahtarsectallgl aidrenlllyowhhieckdpiey dhodd™ MDA hE BiHet dahd aRtes B? Hed Yith
response. In this vertically-aligned liquid crystal, when appfted wth no

drivea dtivd agkagd, ke ligaid erystal vhlleciRs @68 bRE1&T ﬁ%@ggﬁg&?@yﬁ g%ék in a

perpendicularly to the substrate and provide a

So- Ca|shBﬁ1£t@@n@%ﬂoWistMsFla§’ﬁhﬂaﬂQd eAlsdIh therN Qidaﬁsd cfﬁ:&%ié ai‘f{léﬁ Rt gIOIOI i ed

with a drive voltage, the 1iquid crystal nolecul es e ti

SR8 st o1l idSRSEIIBEOS A e e
(vert | GeldrVapplicl' At d AHVE vBIISE, Bo a EbiktEnt difeGRIM isPtktidtd thrBBkh RBout
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
{("'y  apredetermined 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 liguid 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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uniformas shown in FIGS. 2 and 3 unless liquid crystal nolecules 200 are
tilted in the sane directions, so it is necessary to vertically align the
liquid crystal by tilting the long axis of the liquid crystal nolecul es
200 through a slight pretilt angle O in a -4 constant direction X in
relation to a line normal to a drive circuit board 202 having pixel

el ectrodes 201 fornmed thereon. The pretilted direction X, that is, the
direction in which the liquid crystal nolecules 200 are aligned, is set
nearly diagonal to a device whose transmttance is nornally caused to be
maxi mum by a conbi nation with an optical system such as a pol arization
plate and the like, nanely, in a direction of about 45 deg. that is a
near | gonktagiodiatctibnr Kdhirelatiin torelipe netmel tc dedesciit bawrd 202 Kdvéng or m - of
a nearly square matrix. Also, if the pretilt angle O is too large, the

verti pidel ebdotgsiee 201vorneteheiebar i diat matiltedelifdctiok X ethat isvid dirésitor 0
| ower the contrast and the V -T (drive voltage - transmttance) curve wll

be adiuengatl tief higeidagysthhaiciéailes 200are Rlighéd. tis s8gha@rDy diagbRiln®d!d device
controlled to fall within a range of 1 to 5 deg. The alignnent fil m which

pret i iftfosk RRankaiitth6Ed Isyhaimdllechdskd i Be Ghxsinalmiby 2Bom®Mdtivrewithamapor at ed
menbrane forned by depositing an inorganic material such as silicon

- di oxi dpticAl RlerRkutR s bigstagRaticiglare 8Ad thealiRelDMh@lyeintd dfePfo BEAbHRTOr ane
of polyimde or the |iKe having a rubbed surface. e pretilting and

preti U5 qpokitatas & neaffidiagded divectivhidrehs Eﬁ‘ﬂal@l‘é‘ctfﬂde%%l%icpfn th8Fofiance and

evaporation angle for“the” obliquely-evaporated menbrane or by controlling
L1 " SPRTEP SH FAGES 2058 AR PR AD RO T ENEa Mor 1
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 liguid crystal is an
obliquely evaporated membrane formed by depositing an inorganic material such as
silicon dioxide (Si0,) 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 preﬁlt 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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inrelation to the light normal to the substrate. In the above Liquid
crystal projector 100, if red, green and blue inmages for representation by
the three liquid crystal display panels 102R, 102G and 102B are

synt hesi zed as they are because of the limted geonetry of the |liquid
crystal display -5 panels 102R, 102G and 102B in relation to the

synt hesi zi ng pri sm 103 when the color rays of light (R, G and B) nodul ated
by the liquid crystal display panels 102R, 102G and 102B, respectively,
are synthesi zed by the synthesizing prism 103 into one inage as shown in
FIG 1, only the green inmage nodul ated by the liquid crystal display panel
102G wi || be displayed being horizontally inverted in relation to the red

and bbuagelsi 1023 s1 086 ahd 192 Bon reheica foethel syathediZiny pishn 103 Mhan tharelsr 102R
and 102B, respectively (as indicated with references A and A,

r espegiysvef Mghi (R,FGG@nd1B) mbdalated bytthe ligjue® brystAispley paner! wed 19pd he

liquid crystal display panel 102G is incident upon the projection |ens 104
af t er apasIHIBY rbypddicrely, abé Q*mhésaﬁé@sy tRé s}/ﬁ&lesﬁi’ ?ﬂ&hZIUBJi 6bﬁ€‘iﬁﬁ§e whi | e
I g he | I

the red |ight ( and Bl ue ht (B) "nodulated b I quid cryst

di spl ay sRaf@l in FICRR 2y H%éyeeﬁ%ﬁ?é&h&&ﬁbﬁted’\f)*] Ehé’ﬁgl%i'&cd' el d#;@ga} %%}%tlhe

projection lens 104 ‘after beéing reflected by the dichroitC sur

synt hagng R4l b!@rdig?%}g%l;v@ﬂ%]'d}‘i’idiﬁéﬁ' iWér{bcPinsl%he}tﬁ))}{ toffie8d fatligd 11 ne.

respectively, in this account, nornma pendi ng upon which

e Lo Bl 0ciohe oSy b a0 o 0 b e
refl ebgibcinbly (dsNANicAI&El WIAIBRTEAGS A SndOAd r@petUEBly, in FIG. 1).

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 liqﬁid crystal display
panels 102R, 102G and 102B is displayed being horizontally inverted in relation to thé
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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(i ncluding zero), an image nodul ated by one (102G of the three liquid
crystal display panels 102R, 102G and 102B i s di spl ayed being horizontally
inverted in relation to the images nodul ated by the other two liquid
crystal display panels (102R and 102B) (cf. the Japanese Publi shed

Unexam ned Patent Application No. 2867992). Therefore, in the

af orenenti oned Liquid crystal projector 100, the green inmage -6 nodul ated
by the liquid crystal display panel 102G shown in FIG 4B is displ ayed
being horizontally inverted in relation to the red and bl ue i mages

nodul ated by the Iliquid crystal display panels 102R and 102B,

t Fl G t hat h th db th

Liﬁ?ﬁésbﬁqd%ats& Biiha g rystalise rrepanet H0eG shoviierd Ibh 4§%@€§ga %h S
Not h f d I d st t
100, wpeR et rZOP GG Ruh i At ofhereq A DluerimAses piodi aiwﬁéé” .e‘ri 2
whi t e dj i h Fl th I
whi ch shaﬁacﬁgra Ldip %ws‘”eﬁa”nfﬁ% i 328 myBertiete SBoIBrACL A wisPIthe

| t f. f t. be.. Al wh
' ght vl %Sa%rﬁ”ax'tﬁg%}%ﬂﬁx B suhostEidE tiem 0dvaheapetie Wb eheh it n
di spl ay 4N i@{n creen S in addltlon to the Il eftward-ascending line L, the
obl i que i 5 | ch shoul d appear black will be displayed in greenl sh

S Y e T A Sl
of an I §AZH JAehiaRY ashtily AR LR vk iGN in@ 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 L 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
Embodiments of the present invention seek 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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Enbodi nents of the present invention seek to overcone the above-nentioned
drawbacks of the related art by providing a projection type liquid crystal
di spl ay device capable of a quality inage display by preventing col or
staining caused by a difference between disclinations (will be described
in detail later) developed in a plurality of Iliquid crystal display

el ements when synt hesi zing color rays of |ight nodulated by the plurality
of liquid crystal display elements into one -7 imge, and an optical bl ock
for use in such a projection type liquid crystal display device. -8
According to a first aspect of the present invention, there is provided a
projection type liquid crystal display device conprising: a plurality of
liquid crystal display panels provided correspondingly to a plurality of
colored_light and which nodulate the colored |ight based on video data,
each | i gurge,anglsmaptivabblogl fopusesin shak apgojectios typeriguid orysatl idisptayat a part
of an on-pjxel adjacent to an off-pixel, said disinclination pattern
conprisﬂﬁ§w§isclination | i nes extending al ong boundaries between the
on-pi xel and the off-pixel; a light synthesizing nmeans for synthesizing
the colored Iight nodul ated by the liquid crystal display panels,
respectively, into one inmage; and a projecting nmeans for projecting the
synthetic |[|ight produced by the |ight synthesizing nmeans onto a screen,
wherein the alignment direction of one of the liquid crystal display panel
whi ch provides an



image inverted in relation to i mages provided by the other Iiquid crystal
display panels is arranged to be different fromthe alignnent directions
of the other liquid crystal display panels, so that said respective
disclination lines of said disclination patterns corresponding to said
on-pi xel of each liquid crystal display panel are substantially coincident
with each other in an image displayed on the screen. -9 According to a
second aspect of the present invention, there is provided an optical bl ock
for use in a projection type liquid crystal display device in which a
plurality of colored |ight nodul ated based on video data are synthesized
into one inmage and the synthetic light is projected as an inmage onto a
screen, the optical block conprising: a plurality of liquid crystal display
panel s provided correspondingly to a plurality of colored Iight and which
modul at e t haceardingdo pilgust aspecs @f dhe presess lanendions sherel is guodidedyst al

di spl ay panel. having disclinatjon pattern at a part of an on-pi xel

adj acenPralgctaon dype gm@td crystal display weviemeomprising: ¢ plusaliyr ofshigaid
disclinatioq i nes extendi ng_along boundaries between the on-pixel and the
of f- pi SBfstalgisp tpaélﬁiﬁl prosiidedh gorreapendisLls ime paiatity gf catored lighsand; ght

"mage. SR 6 oL D2 Rast v lrostatbraachi i ory el dIpIaEt o

or ovi doBARY) AayAnB AL AN SR He Bah O A Ol Bherl A gl Eone

di fferent. .fr.omt.he.alignment directiaons. of the.other Jquid crystal

di spl ayS$d rﬁﬁﬁ@?h%“‘?ﬂ %95? HOMRLIERS mlma?@PﬁH%ﬁSi q;ﬂelpélﬁgsalgngs ai d
boundaries between the on-pixel and the off-pixel; a light synthesizing means for
synthesizing the colored light modulated by the liquid .crystal display panels,
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 the other liquid
crystal display panels, so that said respective disclination lines of said disclination
patterns corresponding to said on-pixel of each liquid crystal display panel are

substantially coincident with each other in an image displayed on the screen.



di sclination patterns corresponding to said on-pixel of each liquid crystal
di splay panel are substantially coincident with each other in an inage

di spl ayed on the screen. As above, according to enbodi ments of the present
invention, the liquid crystal display panel providing an image inverted in
relation to images provided by the other |liquid crystal display panels may
be aligned in a direction 9a different fromthose in which the other |iquid
crystal display panels are aligned, so that the alignnent directions of
the liquid crystal display panels (the alignment directions of the liquid
crystal nolecules of the liquid crystal display panels) may be coincident
with each other in an inmage displayed on the screen. Thus, when the |ight
synt hesi zi ng neans synt hesi zes the color rays of |ight nodul ated by the
liquid crysjal display elenents i.nto one i.nmage, disclinations, taking, place
at each of PH&" © ngéﬁp?ﬁ%%{ﬁéﬁlpreé?%ﬁg 1ot thase ispryidest anoplsale

RIS R T T
e e RS beSh heRh R Std Y EL L0
oA NS R R ASPS o b B VbR D o
?gig;i Ptncfoglg%rj‘?%ur}g P:z? Mﬁﬁ B?ﬂi@%g@ g:%gﬂgfs%a%; padds Pré&ank c'o?f/ees?)g)hgﬂlg\f?e n
to a plurality of colored light and which modulate the colored light based on
video data, each liquid crystal display panel having disclination pattern at a part
6f an on-pixel adjacent to an off-pixel, said disinclination pattern comprising
disclination lines extending along boundaries between the on-pixel and the off-
pixel; a light synthesizing means for synthesizing the colored light modulated by
the liquid crystal display panels, respectively, into one image; and 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 the other
liquid crystal display panels, so that said respective disclination lines of said
disclination patterns corresponding to said on-pixel of each liquid crystal display
panel are substantially coincident with each other in an image displayed on the
“screen.
As above, according to embodiments of the present invention, the liquid crystal
display panel providing an image inverted in relation to images provided by the other

liquid crystal display panels may be aligned in a direction
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drawings, in which: -9b FIG 1 is a block diagramof 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 |iquid
crystal; FIG 3 shows a direction in which liquid crystal nolecules are
aligned, in which FIG 3Ais a plan viewof a liquid crystal and FIG 3B
is a side elevation of the liquid crystal; FIG 4Ais a plan view of a
direction of an oblique line displayed on red and blue |iquid crystal

di spl ay panels included in the conventional liquid crystal projector and a
alignment direction of the red and blue liquid crystal display panels, and

i By i B Fned o b e et
o ) B e BRI S o s
S5 G e BB bbb et i
LT RO ARE M MIE gt e e AP 1S

ot ol o Bitalh S7iyPesind By elpranS ob el Bofulple e e il Trysel disdlay”
~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 may be
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
The above aspects, 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:

-0bh-



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

i ncl uded FIG! hés hiblodld diigyshalf he @ibseingial %ﬁﬁ%f‘ﬂ étﬁnieﬁtiohﬁ'ﬂi@ii;ﬁ%ﬁg&tal

i nvention and an alignment direction of the red and blue I|iquid Crystal

di spl pyoje&xae) s, and FIG 13B is a plan view of a direction of an oblique
| ine displayed on a green liquid crystal display panel included in the

liquid cryaGap ipaqﬂmwwef\ﬁl@dﬁy@bﬁeﬁmﬁnﬂigh%%hgggggghg%ﬁr een |iquid

crystal display panel; FIG 14Ais a plan view, en n scale, of
P xel sealcallheuiah el uguiau o cryslal display panel s inoluded 1 the
o1 By TGS aBe A SN S L A OB o=
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.51is a plaﬁ 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 conflentional 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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FIG 15 is a plan view, enlarged in scale, of an oblique |ine projected on
the 'screen in the liquid crystal projector; FIG 16 A shows a npnoscopic
pattern for image evaluation, and FIG 16B -11 shows a plurality of
oblique lines for imge evaluation; FIG 17 is a block diagramof a variant
of the liquid crystal projector for conparison with the liquid crystal
projector according to the present invention; FIG 18 is a block diagram
of a first variant of the liquid crystal projector according to the
present invention; and FIG 19 is a block diagramof a second variant of
the liquid crystal projector according to the present invention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Prior to the description of the

pr oj ednithmcenyentianglliquist srystal poojeptary devi ce and optical bl ock according
to the present invention, the previously nentioned color staining will be
descri bed Hl. Qa8 ai block idiagr ahguithdysel peojeoonascorading oc tid presait a cause
of the color staining occurring in an oblique |ine being displayed, and

f ound itventiaagt t hat disclinations taking place in the liquid crystal

di splay elenments formng the aforenentioned liquid crystal display panels
102R, 102@I&nd 0L 2Beatienaledpiyofi nveflactidni typé liquixbbsistaA idiéplapelenidritst , there

w Il be explained the disclination occurring in each of the liquid crystal
di spl ay elR@enddds a schematic diagram of the drive circuit board included in the
refiection type liquid crystal 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 1iquid crystal projector according to
the present invention and an alignment direction of the red and blue liquid érystal

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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Note that since the disclination will take place on the basically sane
principle in the aforenentioned liquid crystals whether the latter are
hori zontal | y-aligned ones or vertically-aligned ones, so explanation wll
be made of the disclination taking place in the vertically-aligned Iiquid
crystal display panel shown in FIGS. 2 and 3, by way of -12 exanple. 1In
the liquid crystal display elenent, when voltages of different magnitudes
are applied to adjacent pixel electrodes 201, respectively, an in-plane
hori zontal electric field will devel op between the pixels and their
surroundi ng areas, resulting in crosstal k-caused di sturbance in alignnent
of liquid crystal nolecules 200. The disturbance in alignnent of the

| i qui dhewyga pluralityefithdisjuiedingsriior atniage esthluation! di scl i nation". For exanpl e,
in adriving nethod called "line inversion drive"” in which the polarity of
a signal {x dgas adlock diagramaof & satiastoafithefliquid icnystalvgrefectdreforol t age
polarities of adjacent pixel electrodes 201 are opposite to each other,
when chmparisoageith ple Hquidycriystal prejectnt ascohding so teageeseiit imvi¥ntiby exanpl e,
the difference in potential between the adjacent pixel electrodes will be

as | arge &GLA8\s aloek diagnamdofca Fisstatariano b€ chd Bquidd@rystat pasjpetadi ng to the
pi xel s which should normally be displayed all in white wll be inhibited

by t hacbording o die plesettrinveftiehdardiet ween t he adj acent pixel el ectrodes 201
frombeing tilted, that is, the liquid crystal nolecules in question wl|
not be WhiHIE. 19tis heblockrdidprincief & secidsvarthng of thé BEuill &§seil pedjebi on.
éccording 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.
Firs_t, there will be explained the disclination occurring in each of the liquid
crystal displéy 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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Generally, to prevent the inage quality from being deteriorated by such a
di scl'ination, the liquid crystal display elenment is driven by a driving
nmet hod called "frame inversion drive"” in which the polarity of a drive
voltage is inverted for each frane. Since with this driving nethod, the
vol tages at the adjacent pixel electrodes 201 wll be equal to each ot her
when the pixels are displayed all in white, no -13 horizontal field-caused
disclination will take place. Since in a gradation display as well, the
voltage polarities of at |east the adjacent pixel electrodes will not be
opposite to each other and the difference in potential between the

adj acent pixel electrodes 201 w Il be a half of that in the "line
i nver $iX8mplei ve", so the crosstalk is rather smaller than in the
aforenentioned "line inversion drive". Even in case the above-nenti oned

"franme i nJortbe tiquit crxstaldisplay el ememtp nhendvoltagesvef differdne mzgnitudps ape i S
made with a |large difference in brightness between adjacent pixels, for

exanplappliaddosdjzoentpiiel ehictrdes Q0| eespediivgllaan fri-sking, hdrizonsal elédtficcul t to
prevent the image display from being influenced by a horizontal

fiel d-feeldseill devedop betwdent thegixtBeanddharantropnditlg aleas ressliting3al. Next,
there will be explained the difference between disclinations taking places

i n t herbistalkecausyd didturbaspk dy abighaient b Bguaderybfd Bnsleeulesionor! GhedA and t he
liquid crystal display panel 102G shown in FI'G 4B when the bl ack oblique

i Spl oy on the Soraen 8 Shom i n PG B She) heen
. descr i“Wéstlination”.

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
‘ot be white but be somewhat dark, causing a stripe-ike disclination. o

Generally, to prevent the image quality from being deteriorated by sucha
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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The liquid crystal nolecules included in the aforenentioned |iquid crystal
di spl'ay panels 102R, 102G and 102B are aligned in the sane directions Xl
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 alignnent
direction XI'' in the liquid crystal display panels 102R and 102B shown in
FIG 4A is the sane as the direction of the |eftward-ascendi ng oblique
line LI'". On the other hand, since the liquid crystal -14 display panel
102G in FIG 4B provides a horizontally inverted display, a rightward
ascendi ng oblique line L2' and alignnent direction X2' form an angle of
about 90 deg. between themin the plane in which they are. Therefore, when
a | ef thanizpndalcdaeldrempsed displimationevill take placey sSinbé ik agsadasforodisplayiasel i s
represented by bl ack-display pixels 201b in white-display pixels 20la as
shown wellfthe vadtage pqiwmemu%/ at leastshaladiticept pixep aleetroded 2Rl ard bEQ}Posite Fl G
4A, there w il take place in a white-display pixel 20l1a adjacent to the
bl ack-teieashather anel theodifferenceviacpatestiilibettvicen shfBacam iR cexddad?@ig f rom
a coner (upper left corner shown in FIG 7A) positioned in the alignnent
di r ectwidhbila' half ofithat e theotinukainy epsioneleive!’hso thehdroestdiksisirathepisigillc?2 a and
bl ack-di spl ay pi xel 201b as shown in a larger scale in FIG 7A On the

ot her inghd afsienmmtipneddiinedndemsmedrdvey obli que line L2' having a

t hi ckness of one pixel is represented by bl ack-display pixels 201b in the
whi t e- di sieen irpéaselthe ABdve-nteritivmedi ‘Gitirde iveasioh dH &Pl yHRA T8 lendfl3Geghown

in FIG 4B, there will take
i however, when a display is made with a large difference in brightness between
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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place in a white-display pixel 20la adjacent to the black-display pixel
201b curved disclinations 203c and 203d extending froma corner (upper

| eft corner shown in FIG 7B) positioned in the alignnent direction X2'

al ong the boundary between the white-display pixel 20la and bl ack-di spl ay
_pi xel 201b as shown in a larger scale in FIG 7B. Note here that the

hori zontal electric field applied to the bl ack-display pixels fromthe
white-display pixels is different in size between the liquid crystal

di splay -15 panels 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 display panels 102R and 102B and the |iquid crystal display panel

102G ditpley paeel 102G Iih FIG. AB: prevideps Horimy@ﬁaﬂg ifveapdddisphiichs 102R and 102B
shown in FIG 4A, the black-display pixels 201b will be adjacent to two

whi t erifiliplaag-apcerrling oBligac éind Iear Alignrdesdipsction €’ 284R agtangheopipper
| eft corner shown in FIG 7A In this case, since the black-display pixel

201b mbout RO deghbetwdenrthenl inahe tplaie i whikh thHelyaek:- di spl ay pixel 201b
adjacent to it, soit will be little influencéd by the horizontal electric

field frofftdrefopaewhénateftiward-ascaridies oBR4Re 1R ItNGa9 |
i quid crystal d}a’spl ay- panel 10206 shﬂ(;évw? i§11 eI,’:IIG 4B, at ?1[2?56@%3&?%% 6s¥p‘f’g"§

pi xel PiRellib repiesented a9 Klaelndis, aj‘; Ei:@i;s %Hb%%ﬁ@eﬁ?%wkéls%c% dt he

upper left corner shown in FI n this case, s t he i spl ay

Flr x ﬁql tsﬁg@hi%?cgd?glcg{]e?aqdm rNthIERERE Paheld 00IR BhAAWH irfFRGt 4AC tHdre! d
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 1.2’ 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
disclinaﬁons 203¢ and 203(_1 extending from a corner (upper left corner shown in FIG.
7B) positioned in the aligmﬁent 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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whi te-di splay pixels 20la, which also neans that the electric flux |line of
the electric fieldis different in shape. Thus, the liquid crystal display
panel s 102R and 102B shown in FIG 4A will be sonewhat different in

di sclination output fromthe liquid crystal display panel 102G shown in
FIG 4B. Therefore, in the aforenentioned |iquid crystal projector 100,
color rays of light (R G and B) nodul ated by the three liquid crystal

di spl ay panel s 102R, 102G and 102B are synthesi zed by the synthesi zi ng
prism 103 into one inmage. Wien a -16 | eftward-ascending oblique line L in
black is displayed in white display on the screen S, the black |evel of
the liquid crystal displa anels 102R and 102B is higher than that of the
| i qui dPare)s ﬂ@ileﬁldp]l paﬁtﬁ. 482amdithe liquid cdystéledisplay pancbd0pGriark6G. of t he
aforenentioned disclinations 203a, 203b, 203c and 203d as shown in a |arger
scal e 4R dueitaa differenceninsdisplay, betweemthe Hageid drystal displayhpaisisi |l 02 Rppdar

bl ack will be displayed in a color which will -be resulted from m xi ng of

bl ack Ho2B anddht HquichcystalalisplagppaneMiG2Ga ri ght war d- ascendi ng obl i que |ine
L in black is displayed in white display on the screen S, the black |evel

of the |i gMiode specifiahllyliinghejiquidhetystdl @2¢plag phnels 102Ramd 1028 sbbwinia | i qui d
crystal display panels 102R and 102B due to a difference in occurrence of

16 L s et iyspatleton, wil g e o by

obl i qu2014 ared bme black-display pixel 201b at the upper left corner shown in FIG. 7A. In

B 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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Note that also in case an oblique line of two by two bl ack-display pixels
201b 'is displayed in white-display. pixels 201a, simlar col or staining

t ook place around bl ack-display pixels 201b adjacent to the white-display
pi xel s 201a. Also, this phenonenon of color staining occurred when a white
oblique line is displayed in black display. The color staining is nore
remar kabl e when the bl ack oblique line is displayed. As nentioned above,

it was found through the Inventors' experinents that in the conventional
projection type liquid crystal display device, when color rays of I|ight
nodul ated by a plurality of liquid crystal display el enments was synt hesi zed
into one -17 image, disclinations taking place on each of the liquid

cr yst deftaiasgrasgendingoblisue dinedd in bhichris displayedyinvvhite diéplhy baatle torean
practical problem such as deterioration of the image quality. The present

i nventS’othewblack heveladdhe hiegiid etystal chisplay panelsal (2Foard 102B it higherlthani d
crystal display device and optical block as enbodi nents thereof with

r ef er ehateof the lidwid arygstabdisplaypatichW0pGsdudef £ differgnoem becurtdacedf thbere is
schematically illustrated in the formof a block diagramprojection type

l'i qui chforemsé¢mtiomtidsghikelynateotisc203a¢ 2086 2084 and DO3PRESRGWN ih AViafidr @BaleA i
shown, the reflection type liquid crystal projector, generally indicated

Bt e e s
pri mariy £edlor whicteillPes@suBedfrom mixing of black and magenta.
' On 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, 203c 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
di.5p1ay. 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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blue) to display a color image in a |larger scale on a screen S. As shown,
the reflection type |iquid crystal projector 1 includes a lanp 2 prOV|ded
as a light source to emt illumnation light, a dichroic color separation
filter 3 and dichroic mrror 4, provided as a |light separation neans for
separating the illumnation light fromthe lanp 2 into red light (R),
green light (G and blue light (B), |Iliquid crystal display panels 5R 5G
and 5B provided correspondingly to color rays of light (R G and B),
respectively, to nodul ate the separated red light (R), green light (G and
blue Iight (B) on the basis of video data, a synthesizing prism6 to
synthesize the nmodulated red light (R), green light (G and blue light (B)
into omagendigelinationstakingplace ooreachraf the fimupd ofystdl dispday glerhents caused
illumnation light onto the screen S. -18 The lanp 2 emts white Ilght

i ncl udiohey staiming griick M)ill lgadtmna pragtical @robdem hicheas détefiorafiBp.oflthe ii iimage

hal ogen light, netal halide |lanp or xenon | anp, for exanple. Also, in the

| i ght qmality.bet ween the lanp 2 and dichroic color separation filter 3,

there are provided a fly-eye lens 8 to uniformy distribute the :

i 'l um nat ildre pregedt ineentiorewill berddsbabed el@v conpahing zpt'(b]@ﬁtl@llilaﬁga ng
element 9 to convert P- and S-polarized |ight conponents of the

i || umilizptid enydtalodisplayt deviceeand optiealiibek iag eethHoddientscherof evitls réferdilear i zed
l'i ght conponent, for exanple), a condenser lens 10 to condense the

i Il umtoahé accomphtyingtdrawiiies. di chroi c col or separation filter 3 functions
to separate the white light emtted fromthe lanp 2 into blue light (B)
.and ot her Refefting ay® fFIG. ) thdr8 i@ 8chéphatiedllly illustrated in the form of 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), greeh 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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reflects the separated blue Iight (B) and other color rays of light (R and
G in opposite directions, respectively. A so, between the dichroic color
separation filter 3 and liquid crystal display panel 5B, there is provided
atotal-reflection mrror 11 to reflect the separated blue |ight (B)
toward the liquid crystal display panel 5B. In addition, between the

di chroic color separation filter 3 and dichroic mrror 4, there is provided
a total-reflection mirror 12 to reflect the separated other color rays of
light (Rand G toward the dichroic mrror 4. The dichroic mrror 4
functions to separate the other color rays of light (Rand G into red
light (R) _and green light (@, and it allows the separated red light (R to
pass by {&sdamphemitsquhite ight ingludingred light (R), Srenfight (Gandddueg t he
separated green light -19 (G toward the liquid crystal display panel 5G
Al so, lm\ﬁgén Hais 13 hadoganclightgmetathglidelanp epkeyomplamp sfosRxafpland 5B and
the synthesizing prism6, there are provided polarizing beamsplitters

13R, 13G d¥lgo.1imRhe dighg pathebetansendhe lampskaad dichdoicaodor sepasatodn filtgh8, (R G
and B) to each of the liquid crystal display panels 5R 5G and 5B. The

pol ar ithéneqrd gaavislpd iatflyeye 18R 8 1@ GnifodmiBistumattitbe ilwmienirakight he

I ncident color rays of light (R Gand B) into P- and S-polarized |ight
conporeantted feom thédamp 2¢ hlpetarizatiomEharng elemérnt €dtd ¢apivercPrpadent s

(S-pol arized Iight conponent, for exanple) toward each of the liquid

cryst &-pdlasizied Jight cotrponBntsisF thedllaBinmiomliphyintdene of the polarized light

components (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 color 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—r‘eﬂecti'on 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 reflecting the separated green light
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ot her pol arized Iight conponent (P-polarized |ight conponent, for exanple)
to pass by toward the synthesizing prism6. Each of the liquid crysta

di spl ay panels 5R, 5G and 5B includes a reflection type liquid crystal

di spl ay el enent 50. They nake pol ari zati on nodul ati on of one of the

pol ari zed |ight conponents (S-polarized |ight conponent, for exanple)

gui ded by the polarizing beamsplitters 13R, 13G and 13B on the basis of a
video signal, and reflect |Ilight resulted fromthe polarization nodul ation
toward the polarizing beamsplitters 13R, 13G and 13B. More specifically,
the reflection type liquid crystal display elenment 50 includes a
transparent substrate 51 and drive circuit board 52 di sposed opposite to
each (OChéoward theiliguid ceystak displayypaneb Q. nt er posed bet ween t hese transparent
substrate 51 and drive circuit board 52, and a sealing nenber 54 to seal

t he edgesAdso,thetweempasginobtie kquistorgstal dRplhlpaneds AR| $& snd 5§Bi dndober d 52,
as shown in FIG 10. The transparent substrate 51 includes a gl ass

subst syntheSizinghprismed, dherte aybtprovidedpolantinglbeai gslétdb 138 186G an@13B Mai n
side thereof opposite to the drive <circuit board 52. The transparent

el ect togrideeach dfdhesepdrated eolor enysneli 1ighit (RglGahd Byabledch OF4HE liguRi nat eri al
such as ITO (IndiumTin Oxide) which is a solid solution of tin oxide

(SnQ2rrystal displtaypaaisdER (5G2QA)5BSf or exanple, and is to be applied in
entire pixel area with a common potential (ground potential, for exanple).

/SAis I ;sgg\r/]vn The foGiizih@ bedin litteks 13R)€ 3¢F hn@ 138" fnktioR 88kEparatd the!iHe@en@

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 5R, 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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substrate 52a having fornmed for each pixel in the formof a matrix for each
of a plurality of pixels thereon a switching drive circuit 58 including a
FET (Field Effect Transistor) 56 of a CMOS (Conpl enentary-Mtal Oxide
Sem conductor) or n-channel MOS type, and an auxiliary capacitor 57 to
apply a voltage to the liquid crystal layer 53. Nanely, the FETs 56 and
capacitors 57 are disposed in lines and colums. Also, on the silicon
substrate 52a, there are fornmed 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

pi xel $lednd diive cirsuititmard P 2ane shéwn ibHI&. H& t he display area 61, there is
formed a |l ogic section including a signal driver 62 to apply a display

vol t age t dheatrhnsfarentesubsiyatel 51 invdsdso% ghussi sebsirae 5Sda haeings® to apply a

sel ection pulse to each of the scanning lines 60. It should be noted that -
t he sWightirampperdnt eledtroziei 35 fdnes overmainain sidedheedf oppesifs Rrdesdrive - 21
which there is required a higher dielectric strength tﬁan that of the logic

ci r cuidircuicloearde52. heThe transpdront ¢lestrode 5ie f@rntidelroad 4 tinsparenot h
corresponding to the drive voltage to the liquid crystal Tayer 53. Al so,

on t hele¢tticalip condattivd mafétdal suchrag ITO {l@diBa-FiniDxide) kihiclois a solid
general ly-square reflection pixel electrodes 64 electrically connected to

o hadliabot S Sa09hm a0 LI, B o o1
\al:um rippliedlih.enftive pexcl AR Lwithwebitnch poehtinpidreghd peential, for example).
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 FETSs 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 displaf 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 normaily produced in a process in
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in the visible region, nore specifically, a netal filmcontaining alum num
(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 Iight fromthe
transparent substrate 51, and it applies a voltage to the liquid crystal

| ayer 53. For a higher reflectance, the reflection pixel electrodes 64 may
have a dielectric mrror-like multilayer filmlam nated on the Al |ayer
thereof. Note that the side Iength of the reflection pixel electrode 64 is
about 8.4 pmand the gap between the adjacent reflection pixel electrodes
64, nanely, the so-called pixel space, is about 0.6 pm(normally, 0.3 to
0. 7 piyhiph therg inreqiradod bigher dielectivestedngtle thanhthap ok dhe lngic birdeiti ned

bet ween adj acent reflection pixel electrodes 64 is about 9 (= 8.4 + 0.6)
pm ( nbeeauseythe tramsiston las1e havie. a diedextric serengthl aortéspongdingeto theldridter odes 64
are about 150 to 250 pmthick. Al so, on the surfaces, opposite to each

ot her yvolthge bethe hgeidaorgstal HyectSBode 51 and -22 drive circuit board 52
there are fornmed alignnent filnms 65 and 66, respectively, which cover the
t r anspar edilse| arctirecsibicéib sabsirate SRactheenispforaledel plorldgast geheral gvely.
To align liquid crystal nolecules 53a, which will further be described

| at er refdéctidiepixietieledtrodey 64 @ledtriyally b8nhetted o éeteheofitleHEW: 56Ghithe, t he
alignment filnms 65 and 66 are formed from an obliquely evaporated nenbrane

L or [rﬁgoﬂt gaggla?ix fur eachiofahe pirkels Gaker The reﬂa@tﬁblﬂgifdl lei¢corvodes &4i2e (Si 02)
. quely onto the silicon substrate 52a or a
formed from a metal film of aluminum (Al), for example, 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 mirror-like 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 um (normally, 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 pm).  Also, the reflection pixel
electrodes 64 are about 150 to 250 um thick.

Also, on the surfaces, opposite to each other, of the transparent electrode 51 and
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pol ymer nenbrane of polyimde or the |like having a rubbed surface. It
shoul’'d be 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 nenbrane or by
controlling the rubbing direction and conditions for the polyner nenbrane.
Normal |y, 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 forned
froma vertically-aligned liquid crystal in which nematic liquid crystal
having a negative dielectric anisotropy is vertically aligned by the
above-nentioned alignment filns 65 and 66. In this vertically-aligned

| i qui driveycircait badrd d 2, tereade dptrmed alignmeat fibns &§eand 66, espratively, wdtich

nol ecul es 53a are aligned nearly perpendicularly to the silicon substrate
52a amkdver theitoansparting glegirade Shhnd keflectiorspxehtlecttodesn bdatespediivetk diepl ay
node". On the other hand, when applied with a drive voltage, the liquid
cryst aligmdigudiceystalamoberomles 53advhichavitl fathee beidesdribed latet, iofthe Hiqhigve t he
light transmttance thereof varied due to a birefringence devel oped at

t hat tcrystaldayer 53 img. prédetermined dieectiond, ithenklignmbngfibds GSqNdbE anesfoatnedsi nce
-23 the contrast will not be uniformas shown in FIGS. 2 and 3 unl ess

li qui dremysitabliquedy ecapaatéaBmeatbrahe foemed by dbposicing ahi ineegdrdo snatédalt he
liquid crystal is vertically - aligned by tilting the long axis of the

l'i qui duch wskHicomdiegidesSiG3pot theolikhoblighélglnto tietiliconaabbigate 322 ot a

constant direction Xin relation to a line normal to a drive circuit board
52 hayolgmehmenstrage of polpintide otlthe tikedrvififa rabtiRbsdrfieee okt sibiidiest i | t ed
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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direction X, that is, the direction in which the liquid crystal nolecules
53a are to be aligned, is set nearly diagonal to a display area 61 where
the transmittance is caused to be maxi num by a conbination with an opti cal
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

pi xel electrodes 64 laid in the formof a nearly square matrix. Also, if
the pretilt angle O is too large, the vertical alignnent will be
deteriorated, the black level will rise to lower the contrast and the V -T
(drive voltage - transnmittance) curve will be adversely affected.
Therefore, the pretilt angle O is normally controlled to fall wthin a

r ange the cantrast widlenot by unterm;as ghowmbisr i2 and Srelessliqmidrerggiaky resin or
the like to provide a sealing of several mcroneters in thickness between
t he almelereles 53alare tdgdaimdthe sameiditections ssdthrdiqidarystabisnjertieilhy di sper sed
between the transparent substrate 51 and drive circuit board 52. It should
be notadigneddy tiltingsballong amsndfethe Siquidhygr yséalf moteedlest S8 acthveugt Helightle faces
of the alignnent filnms 65 and 66. In the reflection type liquid crystal

di spl preeltanghe 0 &0 aconstant diredtias 3ahoredation b k d@Rtndringito hrdeivet difcuit
transparent substrate 51 passes the liquid crystal layer 53 and is -24

r ef | edroadd b9 haking e redleicton piixelleledtemies deforaedathetdon. driteepretiltedi t boar d
52. The reflected light travels in a direction opposite to its direction

of i ndirtetion X pthatiss thy dirbetion irgwhiclethesliqlid! cystal iidledided 53N aRa0HY
substrate 51 and outgoes fromthe transparent substrate 51. At this tine,
{t he | iadignddcisyst abarlpyléagdiidl bas didptappidacsl wiiees 8 @ansthik@nce is caused to
- 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 O 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 6 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 5'1 and
drive circvit 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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t hereof varied correspondingly to a potential difference of a drive voltage
applied between the transparent electrode 55 and reflection pixel

el ectrodes 64 to nodule the |[|ight passing by. Therefore, the reflection
type liquid crystal display elenent 50 can assign intensity |evels by the
| i ght nodul ation, and utilize the nodul ated reflected |ight in displaying

an imge. As shown in FIG 9, the synthesizing prism6 is a so-called
cross-cube prism It functions to synthesize color rays of light (R G and
B) of the other nodulated |ight conponent (P-polarized Iight conponent,
for exanple) having passed by the polarizing beamsplitters 13R, 13G and
13B, and it lets the synthetic light go out toward the projection lens 7.
Mor e peflected barthe refipefiay pined slectnogep bdsantbe dsivecimpitdeard 52f oFhe
right-angle prisns attached together, and has forned on each of the

sur f atell¢ctad lightiétavels iwacdirection oppésitente itodivectint opiricidenca, passbs biycheayer
which will reflect lIight having a specific wavel ength. The synt hesi zi ng

pri smiiguid nryseali layer 53 had eransparent sytsstiaite 5il gind duRgoés frogh tB tiaispagsie | mage
by reflecting red light (R nodulated by the Iiquid crystal display panel

SR t owabstrathe Ipr opettis timd, ¢hs lignid edylstalilagerdy ks thewpticaharcieriatied by t he
liquid crystal display panel 5Gto pass by toward the projection lens 7,

and r ¢hdreof vagedicoerespodingB) tonwploteatiati differehes bf aldi’id'e*v%iagé)a?bﬁbddi spl ay
panel SB toward the projection lens 7. The projection lens 7 tunctions to

'PL gj g?%\gﬁmsfhmanjpmﬂdiecm S and reBetidbpixel elecfroded 84 48 it the t Ovar d
light passing by. Therefore, the reflection type liquid crystal display element 50 can

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 SR 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

-25 -



In the reflection type liquid crystal projector 1 constructed as above, the
dichroic color separation filter 3 and dichroic mrror 4 separate white
light emitted 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-polarized conponents, and pass by the polarizing beam
splitters 13R, 13G and 13B and are incident upon the liquid crystal

di spl ay panels 5R, 5G and 5B, respectively. The red light (R), green |ight
(G and blue light (B) incident upon the liquid crystal display panels 5R
5G and 5B, respectively, undergo pol arization nodul ati on correspondi ngly
to a drive_voltage applied to each pixel of the liquid crystal display
panel £rystal dtspé&mmléﬁ)a taveardabe profection dens Hat a, . and then refl ected toward
the polarizing beamsplitters 13R, 13G and 13B. Only P-polarized |ight

conponent sThyf proiectiagulens GHuncepns (o projedti thblighGiromn thdbytthesighig pridh 6, hus
nodul ated will be allowed to pass by the polarizing beamsplitters 13R, 13G
and 13B,a Jaeggrescaley tdwardthesgnedreSi zed by the synthesizing prism6 into one

i mage, and the light thus synthesized be projected through the projection

| ens 7 ontla theeeBeoteantype lidiid srystalgmiofsctombgensudte®as dbspt Akedictior,
| arger scale on the screen S. Note here that in the reflection type lIiquid

cryst atolor sgpacation fijtet Bandrdielroiongeror 4r sepuidie whitklighiceniiticd frdinstheay panel
SG is displayed being horizontally inverted in relafion to the red and

e, e et At 0 fnsbanpunay, fhord SR i
(green lighite(G3) amd Blhe light €BNthus separated are S-polarized components, and pass by the
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 5R, 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, resp_gctiyely, 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 5R and 5B so
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Also, in the reflection type liquid crystal projector 1, a color inmage is
di spl ayed by projecting i nages corresponding to rays of |ight nodul ated by
the liquid crystal display panels 5R, 5G and 5B onto the screen S. Wen
the drive voltage is zero, the reflection type liquid crystal display

el ement 50 form ng each of the liquid crystal display panels 5R, 5G and 5B
will reflect an incident S-polarized |light conponent as it is. In this
case, the red light (R), green light (G and blue light (B) will not pass
by the polarizing beamsplitters 13R, 13G and 13B, respectively, and
provide a display in black in the so-called "normally black display node".
Also, in the reflection type Iliquid crystal display elenent 50, the

t r ansrthat tdanamag'clswnﬂmimgby texsyshediniaggwism 6 will caineidd with thagrédie
P-pol ari zed |i ght conponent havi ng undergone the pol arization nodul ation.

| n t hamagelacthemereams. | i qui d crystal projector 1, the aforenentioned
liquid crystal display panels 5R, 5G and 5B, synthesizing prism®6 and

pol ari zi ngAlseain thelrefleetion t§R liqdidrgstdl padjeetoe 1f, araubor indigedis alidplayéd h each
other to build one optical block 20. Because of such an optical bl ock 20,

t he rdfy prdjecting imagds eprrespongdirigado mayojof tight nlodwladrtsl the liguid beygpilesent
I nvention is designed nore conpact. Note here that in the reflection type

|'i qui ddisplagtpahelsrSR eSGandLSB oo thestreere By s Whendhé atiae vekage idserohiteh
provides an inage inverted in relation to i mages provided by the Iiquid

12 2k gty S LGPl S (1om 27
‘al i gnrdisplagtipagels SRS5Gfand 5B will reflect an incident 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
biack 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 liguid 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 SR and 5B has different alignment direction from
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the liquid crystal display panels 5R, 5G and 5B (the alignnment directions
of the liquid crystal nolecules of the liquid crystal display panels) wll
be coincident with each other in an inage displayed on the screen S. In
this case, when the synthesizing prism®6 synthesizes color rays of |ight
(R, G and B) nodulated by the liquid crystal display panels 5R 5G and 5B
into one imge, disclinations taking place in the liquid crystal display
panel s 5R, 5G and 5B can be nade to coincide in shape, size and the |ike
with each other in an image forned, on the screen S, fromthe |ight

synt hesi zed by the synthetic prism6. The above will be explained in
further detail taklng as an exanple, the display of the black oblique

li ne (thosecsk therl éﬁusld@émtiahélsplﬁ}ﬁ pansls SReand 5B, sx thap s alignmbint directicns ey on
the screen S as shown in FIG 5. In the reflection type liquid crystal

pr oj e¢holiquid cn@taludqsplay@ayshaﬁR G pindyS B 4thel aligmerttalirectionFloGthd Hjuid

di splays a rightward-ascending line L2 horizontally inverted in relation

to a lcgys eadendf the lquidquysth] displdy pasgislewillibbyormidemfwitheath qui d
crystal display panels 5R and 5B shown in FIG 13A so that inmages

synt hedherdn dyimage disphayedomrihegepeérsth 6 wil | coincide with each ot her on
the screen S. The alignnment direction XI of the liquid crystal display
panel s S5RInthiss@seywhesthe d@Ahesizing pisma syantledieds valotrais ciligngyRg Gf
about 45 deg. with the flexible wire F being viewed at the right. Nanely,
t he alangi®entoddilated tiyatheXiquid cryseall displiaggsumels SR, SGhﬁdCBB Phidyor! BAagel of

the aforenmentioned liquid crystal display el ement 50. -

( disclinations taking place in the liquid crystal display panels 5R, SG and 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 5R 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.

-28 -



Therefore, the | eftward-ascending oblique line LI and alignnent direction
Xl 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 XI 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 SGis set to ascend
rightward at an angle of 45 deg. with the flexible wire F being viewed at
the right. Nanely, the directions X2 and XI form an angle of about 90 deg.
between themin the plane where they are. That is, in the liquid crystal

di spl hheselese, the lektward-asepnding ebligue dimedgl and atjgemenh direetiam X ladtegnnent
direction X2 are coincident with each other. Since in the liquid crystal

di spl agaparesiscidenawithsach osher inthesdliquiglcrystal displaypanels SRnaich §Bobl i que

| ine having a thickness of one pixel is represented by bl ack-displ ay

pi xel s 640 thewiher hand thaliquid erystalddisplygiameh SGrshmwmingFIGst3Bdsi n FI G
14A, curved disclination lines 70a and 70b are formed to extend along the
boundadigaed ibeatdissntionhia whichehdiadighayentiduelctiéd K hof ﬁmali?uiﬂazryblﬁl display

bl ack-di spl ay pi xels 64b and bl ack-di splay pixels 64b froma corner (upper
| eft qanebrSRsinddvs invefiedcotredpondingly arinverdibe oflandnmge! dihegeforgn XL On
t he other hand, since in the liquid crystal display panel SG shown in FIG
13B, the mlighteat dirastiem X 2hof thel Tiquid driystal ﬂagla}q)@eﬁ 5ICG lenes $o afcede pi xel is
represented by the black-display pixels 64b in the white-display pixels
(64a agightewand ahan ahglegsfi45deg ewith the flexible 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
ﬂghtward—ascending obliciue line 1.2 and alignment direction X2 are coincident with
each other.

Since in the liquid crystal display panels 5R 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.
14A, 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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-29 in FIG 14B, curved disclination Iines 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 conmer as shown in FIG 14B) located in the alignment direction X2.
Therefore, in the aforenmentioned liquid crystal projector 1, when col or
rays of light (R G and B) nodul ated by the three liquid crystal display
panel s 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 lines 70a and 70b taking place
at the liquid crystal display panels 5R and 5B and disclination |ines 70c

and 70d Kl&kild®, chaos disclihation tinesl 70¢ wad J0ddire Pbitied b ekten® MGy tHee made to
coincide with each other on the screen S as shown in a larger scale in FIG

15. Adcainduries beeweess ﬂhecwhmmsm? bbali64a adysdeat 1t I@l‘ﬁbl@fd@plﬁy?‘ Elxels
appropriately display a |eftward-ascendi ng bl ack oblique |i'ne

di spl &Aboad blackaligsiny ixéh GdbefrofnEdmey (upPeHight Rrhdafit aseRdi ng
bl ack oblique Ii negiEL1 | S§dl spl ayed in whi tgl di sp% ay on theé@gﬁleen S, the

| i ne L4Byiobstediis ph@yBonment dietadgehd2. As having been described in the
foregoing, with the reflection type liquid crystal projector 1 according

to the predepéforeManhe @l’oretﬁedtﬁ)riéﬁiﬁjtﬁ’th %rﬁs@alﬁﬁ%yé’d@ér £ Hé%%ﬁ'irrfﬁgﬁgo{f rom

taking place in Jlsp | ay of an oblique |ine a hus provide a I mage

g: :B: giygﬂg;a(lﬁglt} S BY rhb@ulhtedbl e dbdliqiid &55ta? Aislay Pandls 38 SELYS SB'
are synthesized by the synthesizing 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 5R 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 projéctor 1 can appropriately display a
leftward-ascending black oblique line L in white display on the screen S. On the
contrary, even if a rightward-ascending black oblique line L is displayed in white
disp_lay 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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whi ch provides an inmage inverted in relation to those provided by the other
liquid -30 crystal display panels 5R and 5B in a direction different from
those in which the liquid crystal nolecules of the liquid crystal display-
panel s 5R and 5B are aligned, so that the alignnent directions of the
liquid crystal display panels 5R 5G and 5B will be coincident with each
other in an inmage displayed on the screen S. Enbodi nent: Next, an actually
produced enbodi ment of the reflection type liquid crystal projector 1
according to the present invention will be explained. A conparative

exanpl e prepared for conparison with the enbodimrent wll also be described.
- Enbodi nent According to the enbodi nent of the present invention, the

ref | ecuystal display panelsiSReans5Blin di dipdctionediéfepnit HOmwbss@imdhagckhediquiach of
the three liquid crystal display panels 5R, 5G and 5B of the reflection

type ldrysiati molyatlas op theg Hquigk crystal\/tiisplays?mlé bRednd/ 5SBtave AGHE &0l thgt
reflection type liquid crystal display elenent, there were produced the

gl ass thellignatent Hirettigns bEthe lqeidarsstal elsphiy par1$ SRS 4QpsBapIf hOmM an
| TO | ayer, and the silicon substrate having the square reflection pixel

el ect ravdrcideditowithdachetkaninf aroimage dikplagi@lon thblsefedns €l ectrodes were

washed, the alignnment filmof silicon dioxide was obliquely evaporated by
an evapor &mbodiapaar at us on the glass and silicon substrates. It should be
noted that the pixel pitch of the reflection pixel electrodes was 9 pm ad

the pixel Ngacen GctailyGrodaced dibodiheitBthe tEHBR GRS type liquid crystal
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 5R, 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 pm, 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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50 run thick, and the angle of evaporation of the alignnent filmwas
controlled to 55 deg. for the pretilt angle of the liquid crystal to be
about 2.5 deg. Also, the liquid -31 crystal was pretilted (liquid crystal
nol ecul es were aligned) nearly diagonally of the reflection pixel

el ectrode. Next, an appropriate nunber of glass beads of 2 Jimin dianeter
wer e di spersed between both the substrates each having the alignnment film
formed thereon, and the sealing nenber of epoxy resin was used to seal the
edges of the substrates. being placed opposite to each other. Next, a
nematic liquid crystal material having a negative dielectric anjsotropy
(available from Merck Ltd.) was injected to between the substrates to form

t he reafriystal inas profokted (liguid carystal alolediips sere eligned)tndabl yndivipoaldy 6€tHe
thickness of 2 m The reflection type liquid crystal display el'ement 50 was

pr oduaeflection pixdl ehectrodd. are Ry, ahpphspriate eutaber v MdsBUIRRFD fifGhi On was
set to ascend leftward at an angle of about 45 deg. nearly diagonally of

t he r alihmetéronerel dispereb@ berwetn bothithe Rabstirhex ehbiehaving the AficRthent sitgd at
the right. In the type B, alignnent direction was set™ to aScend rightward

at an forgled théreahpaind @ stedingWnbmbleh ©f Ehexy PéSn W i | t the
right. The |iqui dpcryst al di sg\p,)!}nay panel g 51Y-{ ang 5I§qluss%g§8tsﬁgl %h;?pe ,so\?\/ni | e

the | itﬂuisdbstcaim§.baingdﬁ[)l%§é@b¥>?@ﬁ% torbachsefiet. NENEXD S ﬁm?ilg%{%ﬁﬂr&ggﬁge”bl ed

t oget her to produce he retTection type liquid Crystal | ect

accor dinagria® hibihgerheghtiR dieRictlib anisBiRPFTavAMAB R Merck Ltd.) was

injected to between the substrates to form the reflection type liquid crystal display
element 50 having a cell thickness of 2 ym.

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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- Conparative exanple A conparative reflection type liquid crystal

projector 1 was nade simlarly to the enbodinment of the present invention
except that each of the aforenmentioned liquid -32 crystal display panels
5R, 5G and 5R used the type A The occurrence of color staining on an inage
di spl ayed on the screen S was observed on each of the reflection type
liquid crystal projector according to the enbodi nent and conparative
reflection type liquid crystal projector. Note that a nonoscopic pattern
shown in FIG 16A was used as an inage for the above observation. Right
and left oblique lines at the central portion of the nopnoscopic pattern
wer e observed. Further, there were used for such an observation a

pl ur al ¢nygtabdispddy penals aR; Sidiand SBousegutheltyped.each having a thi ckness of
one pixel and a plurality of rightward-ascendi ng oblique |ines each having

a t hi cknesEhobcameencei ofedalof stairidgion ahimapeddispladgdam SleaofednS Mlde 16B. In
the conparative reflection type liquid crystal projector, the

ri ght vebstreatendacigobihe mffectionagpeiqaid sfystil prorcebirsaticayditgitd i ack
appeared as oblique lines having a color which will be resulted from

m Xi ngembodinxel amdc tize refloctiohgypeil i%fﬁtﬁﬁ?ﬁ?@étﬂﬂ oblique |ines
appeared greeni sh-bl ack ones separately romthe 1eftward-ascendi ng

obl i que | iNet theha nfencsicbpic patsn showin'ie FIEL.| 1854 Al dssBs! dntisabeoy sl

proj ector according to the enbodinment, there was found no such col or

stai ni atgpverdiservitivr, hiRighraadi18RWbliqak Mhes at the central portion of the
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.

Inthe 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

-33 -



the liquid crystal display elenent of the type B as the liquid crystal

di spl ay panels 5R and 5B while using the type A as the liquid crystal

di spl ay panel 5G there was also found no such color staining. As will be
known fromthe above, the problemof color staining can be solved -33 and
hence i mage quality degradati on can be prevented by aligning the liquid
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

sor t ecndrhencelimageqpiality degtaalationsgandye pmvehtﬁﬂoy\bligiilin%rthu lid@éd arystaivert ed
i mage and the liquid crystal display panels 5R and 5B dependi ng upon which

the molsenlesfofithediquit erysalidiaplay pamiebwhiely profides ghimaRe ikveRd iB) are
reflected until they are synthesized by the synthesizing prism6 is, odd

or everldtionctoutiosg previded bitthe etleerdiquidtoeyeahl displ-Bcparels 11 theUire2tion in
additionally provided between the liquid crystal "display panel 5G and

pol ar iwhivh the ahigapidrit directid® dftht ehaflRfdderystangidplaypindls Bhindrdd.

projector 1 as shown in FIG 7 permts the |l1quid crystal display panels

5R, 5G arthéplurlityodf lideidsaystal dipldyopaticiphised ﬁﬂﬂeﬁ?@ﬁd‘@r&ﬁ%ro@%ﬁ(&f‘g to

invert the image displayed on the |iquid crystal display pan

e b . o 11 Bt e o 2
f\5 R, 5Gneng Hf the lididd crystal display panels SR and 5B depending upon which the '
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

3 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 reductjon 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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synthesizing prism6 to be different -fromeach other, resulting in a
feduction of brightness or a simlar problem Also, to equalize the
optical distances, the optical block 20 as a whole has to be desi gned

| arger, which will lead to an increased nunber of parts and thus cannot

di sadvant ageously attain a conpact design of the reflection type liquid
crystal projector 1. -34 Note that the present invention is not limted to
t he af orenmentioned construction of the reflection type liquid crystal
projector 1 shown in FIG 9 but is applicable to a construction in which a
di chroic cross mrror 22 formed froma conbination of two dichroic mrrors
Is used as a light synthesizing neans in place of the synthesizing prism

6, for exdwptedhattheipresertiine¢nticar isanit lghiovd td therforerh8ntidh&Pedisthldidncase,
the color rays of light (R G and B) can be synthesized into one inage by

r ef | eatfithg refectiomtype(Rjuidwogydtal }]ﬁ‘g)}'ébtoﬁ DehbiwaUind I, B b iscailpj»?nbayle&arhe' SR

toward the projection lens 7, allowng green light (G nodulated by the

|'i qui donsyratibn inlindptlay dieteic &ost tniby 2 Dforied HemPA %ﬁﬁ}ﬂagﬂml (F’f‘t%(y and
reflecting blue light (B) nodulated by the liquid crysta | spl'ay panel 5B

t over diitheientiees isanddensa Fghtdyithesifife b RCH @acé &Pglgugﬂglﬁ St al

projector according to the presént invention nay use C mrrors

23, 24rishb 6afit Sanplephiifa GirstiiRiany ShOFRIAG. 1¥.ism 6 as in a second
variant shown in FIG 19. O the above four dichroic mrrors, the dichroic

LT 2k ek ooty WO (R G LG s "
' 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 to the projection lens 7 and reflecting blue light (B)
- modulated by the liquid crystal display panel 5 B toward the projection lens 7.
Also, the reflection type liquid 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 Whﬂe 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 li ght (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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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 QG
to pass by. The dichroic mrror 24 functions to separate the other color
rays of light (Rand 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
pol ari zing beamsplitter 13G The dichroic mrror 24 allows the red |ight
(R) -35 nodul ated by the liquid crystal panel 13R to pass by toward the
dichroic mrror 25 while reflecting the green light (G nodul ated by the
liquid crystal display panel 13G toward the dichroic mrror 25. The

di chr omodulated byzbe diguodwerytsted painek lBKctbtpa(stK towatd eHeedichyoithirtdras d
crystal display panel 5B to pass by toward the projection lens 7 while

r ef | ecwhilg reflectimgittengregndizht (&) modulbicd by (1R ﬁqﬂd&ymﬂaisglasﬂbﬁﬁel hhe;

liquid crystal display panels 5R and 5G toward the projection lens 7. In

this caseardshedidhroid mérroolsr Mhesdichrdié afitrok RS ﬁ(ﬁwﬁﬂﬁ)blﬁéfl eéh%(Bynt hesi zed
into one image. Note that the present invention is not limt

af or enpdutmed byehé hqmcbﬁrystamﬁslﬂhﬁ tpaﬂepm&waspb ItOFRRT the v@lgjeec{ﬂ?]) ‘gﬁﬂ@' y

applicable to a projection type liquid crystal splay de

di spl ay while feflegein\the e BRG pécitrads RfFHgM: (RYar@l Gf tRMulaed %y ﬂﬁggﬂtﬁ& ed Al so

based on video data and projecting the synthetic 11ght onto a

the pr@gemnduspxsyrpa@aslsaﬂ@dscwv&ﬁathegd Giectish i 70n{r{ e%gl\g rystal
\Y

di splay el enents using the aforenention ertica Iy a |gne |qU| crystal

333/ . Lte th\f,fﬁoé‘?f ‘}?E?f?%?a :(Ra@ fnd B) 2aAHRI Spith&izdd/fo bhdiidger ystal display
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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crystal display elenents not of the aforenentioned types and which w |l
incur no disclination. In the foregoing, the present invention has been
described in detail concerning certain preferred enbodi nents thereof as
exanples with reference to the acconpanying draw ngs. However, it should
be understood by those ordinarily skilled in the art that the present
invention is not limted to the enbodi nrents but can be nodified in various
manners, constructed alternatively or enbodied in various other -36 forns
wi t hout departing fromthe scope and spirit thereof as set forth and
defined in the appended clainms. -37 CLAIMS: 1. A projection type liquid
crystal display device conprising: a plurality of liquid crystal display
panel fofrhowithenht depaeipofidniteysdopeand! spind iheyestas PR Anliddhednd Whi ch
nodul ate the colored Iight based on video data, each liquid crystal

di spl gle deldadlhdigs.a disclination pattern at a part of an on-pi xel

adj acent to an off-pixel, said disinclination pattern conprising

di sclination |ines extending al ong boundari es between the on-pixel and the
of f-pixel; a light synthesizing neans for synthesizing the colored |ight
nodul ated by the liquid crystal display panels, respectively, into one

i mge; and a projecting neans for projecting the synthetic |ight produced
by the |ight :
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synt hesi zi ng neans onto a screen, wherein the alignnment direction of one of
the liquid crystal display panel which provides an inage inverted in
relation to i nages provided by the other liquid crystal display panels is
arranged to be different fromthe alignnment directions of the other liquid
crystal display panels, so that said respective disclination |ines of said
disclination patterns corresponding to said on-pixel of each liquid
crystal display panel are substantially coincident with each other in an
i mage di spl l%P/ed on the screen. 2. The device according to claim1l1, further
conpri si @EAMSy | ight source; and a |ight separati ng means for separating
| i ght emtted fromthe |ight source into a plurality of colored |ight,
wher ei n 1t heApreieciontypediauidicsial dispiay dayicelbapprisingsanel s nodul ate the
plurality of colored |ight separated by the light separating nmeans. 3. The
devi ce accordPHEliook ligHidncp/stahslisplay rpanetsepiovighd cospsraadingly Weaupburalipaf at es
the light emtted fromthe light source into -38 colored |ight
cor r espdiRreRy gy andrwdacth merdiplp theicslosedolight é’ésefbﬁ@étdear‘i’@taoleaéh ligwie cpastat al ity
of liquid ¢ %ystal di splay el enents includes three |liquid crystal display
panel s s‘?f’@ﬁH“W{:j‘gt%d'Fﬁ'éa'i"ébpaﬂﬁf’bﬁﬁ RercPTignea-rixe! adiacent ican ¢ff-pirelr seid
col ors; | east the alignnent direction of one of the liquid crystal
di spl ay db%\ pgthnspattern comprising” disclination lines extending along boundaries between thé
on-pixel and the off-pixel;
a light synthesizing means for synthesizing the colored light modulated by the liquid
crystal display panels, 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 the other liquid crystal display
panels, so that said respective disclination lines of said disclination patterns corresponding to
said on-pixel of each liquid crystal display panel are substantially 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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different fromthe alignnment direction of the other liquid crystal display
panels. 4. The device according to any one of clains 1 to 3, wherein the
alignnment direction of the liquid crystal display panel displaying the
inverted image is arranged to a direction which the alignnent directions
of the other liquid crystal display panels are inverted corresponding to
the i mage inversion by the |ight synthesizing nmeans. 5. The device
accordi.ng to claim4, wherein the alignnment direction of the liquid
crystal display panel displaying the inverted inage is different about 90
deg. fromthe alignnent directions of the other liquid crystal display
panel s ¢elorelighberrresponding taytiirde pimyanyaioloissyfl reyl, greealandtblughne devi ce
according to any one of the preceding clains, wherein one of the Iliquid

crystal di s@eagiupdiiziod liquid eeystalodipplayi elgmentstinahries thre liquigtoradtsl havi ng
formed on a main side thereof a transparent electrode and an alignnent

fi | m whilisplagopancds comespandipg tetie mdegremrend Blud dswbe thfeePrimRpesios;sposed
opposite to the transparent substrate and having fornmed on a nain side

t her eofampposite to the transparent electrode a plurality of drive

circuits and reflective pixel electrodes corresponding to pixels and an

al i gnment  fat lenst-tBO alighnient direction g oplewstahe 1igued cfs%tdl%i&ﬂal‘éﬁ géinéﬁl is
el ectrodes; and a liquid crystal |ayer interposed between t al 1 gnnent

fi | m ondifferent ﬁonpﬁreeﬂignm&aﬁ&iifmﬁnaéﬁhbhﬁheﬂﬁ%ﬁiﬂ%r §tal 8is 'lz[}g#:'éx?]el&()ar d, the

liquid crystal layer being a vertically aligned liquid cryst as a
(_n ggat | v, 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 trﬁnsparent 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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dielectric
by the ali
according t
crystal dis
a di spl ay

liquid crys

ani sotropy and in which liquid crystal nolecules are pretilted
gnnent filmin a predetermned direction. . 7. The device

o claim®6, wherein the alignnment direction of the liquid

pl ay panel is generally diagonal direction of the pixels formng
C area. 8. The device according to claim6 or 7, wherein the

tal display panel is driven by a frame inversion drive which

inverts th olarit f drive voltage for each video signal franme. 9.
chy Bvstaithe plsaling ob ; :

The dev%
the adjace
The device
plurality

of the 4

bfifade ang thatio

RYRTAIL reflective pikelelectrodds; anler ei n the gap bet ween
ni, opes of the reflective pixel electrodes is 0.7 mor less. 10.
adagidicrygtal dayeryingerpossd betsvasndbedliggmena film, omier eamspatent
of liquid c(riﬁsta_l display panels are sorted into a first group

fdhe girle cipemieboandj ch provi des an inverted i nage and a

second groug of the other liquid crystal display panels depending upon a

nunber of t

hediquidiceystahkayanp belng evertwhyedighed liquidiceystall hact ageativie | t hey

are synthesi zed by the synthesizing prismis, odd or even (including
zero) . dirlectricepisotripytimstin whichikiquidrergstal sjodedulenateypetilied Bydther yst al

di splay dev

ice in which.a plurality of colored |ight nodul at éd based on

vi deo dalignment flmtihagirzdetermined didctime i mage and the synthetic light is
projected as an i mage onto a screen, the optical block conprising:

The device according to claim 6, wherein the alignment direction of the liquid

crystal d_isplay panel‘is generally diagonal direction of the pixels forming a display

arca.

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 um 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 re

flected 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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a plurality of liquid crystal display panels provided correspondingly to a
plurality of colored |ight and which nodul ate the colored |ight based on
video data, each liquid crystal display panel having disclination pattern
at a part of an on-pixel adjacent to an off-pixel, said disinclination
pattern conprising disclination |lines extending al ong boundari es between
the on-pixel and the off-pixel; a light synthesizing neans for synthesizing
the colored I'ight nodul ated by the liquid crystal display panels,
respectively, into one inmage; and wherein the alignment direction of one of
the |iquing Mprgeard thei sypithaiic [ighhé praleried asmndrade oniara $areeye thenapticalddbakn
relation to inmages provided by the other liquid crystal display panels is
arrangedp889di f ferent fromthe alignnent directions of the other liquid
crystal display panels, so that said respective disclination lines of said
di scl i nati oA Rypite 0 diauid sirysial slispiayneanels eravided Foppseondiogly dachpluialityi of

crystal dis &3& panel are substantial l P/ coi ncident with each other in an
i mage d|°§l9r‘z%/ t 8Rd which Jeedsiste thexcoloredslighthbpsed omVider daleceadh lisyidtasystalai m 11,
wherein the pluralit |IQUId crystal display panels includes three
liquid &SP Ya?a”8| Eﬂ'@dﬁgﬁ'@r@ E@F%@barﬂﬁrh@f arpof-pixel adjacenyieam offrikeb| ue as
three prinar ors, and at |east the alignment direction of one of the

1§ quid (??Vstdéfnc palign a9atff‘é?|e13‘§“ﬁ’r§"'@| drsghinatien 1 ing eHENding grerthtbodndastesi on of

the oth L uid cr panels 13. The optical bl ock according
to clai 3“%%? %%@?@th ﬁ &% i gnment direction of one of the liquid

whcht hEaQSI RGP Bt Rdob B cPlods W FySHiaieddNspF A9 ane] s
are crystal display panels, respectively, into one image; and
. 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 the other liquid crystal
display panels, so that said respective disclination lines of said disclination pattemns
~ corresponding to said on-pixel of each liquid crystal display panel are substantially
. 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 a!ignment 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 crystal 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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I nverted corresponding to the image inversion by the |ight synthesizing
nmeans. -41 14. The optical block according to any one of clains 11 to 13,
wherein the aligment 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
includes: a transparent substrate having formed on a main side thereof a
transpardft  diheceplid bioak aucoadingriornly drid of MRIAH 1 ¢ oY RS wWhkeihtRAS Par ent
el ectrode;, a drive circuit board di sposed opposite to the transparent

subst r at eligamens diregtion of nue of theliquidcrysi dispdaepindp ARPIdEnS hd BRerted
transparent electrode a plurality of driv circuits and reflective pixel

el ect r od¥8age i BRGBRA deg.déffpionst fram dhanlighingntrdintctionsof theictheciyigds t he
plurality of reflective pixel electrodes; and a liquid crystal |ayer

i nt er pos ﬁ@’%t%@ﬁma@e@ ingherpnerof the diquid erystardipplagpianek ubst r at e and

that of the drive circuit board, the liquid crystal |ayer being a

verti cal §. al Mwesptidabblatkescysidihg haang omeamtdligns 0 & §91 AR mOhGoRY. and
in which liquid crystal nolecules are pretilted by the ‘alignien Mmin a
pr edet er A&l displeypaoel intBideShe optical bl ock according to claim 15,
wherein the alignnment direction of the liquid crystal display panel is

general |y di agrarspacinteabitoste tlavidefatink®] sn hahBiddda 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 traﬂsparent 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 anisotropy 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.

7. The optical block according to claim 15 or 16, wherein the liquid crystal display
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di splay area. 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 group of the liquid crystal display panel which
provides an inverted i mage and a second group of the other liquid crystal
di spl ayClsEatds deiven &y mapsninyensionslrivst whicheisvetts ¢he polaritp oflaadriet col or ed
light are reflected unti] they are synthesized by the synthesizing prism
i s, oddveltags ke eachiddesigpak fiagye. - 43

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 wm 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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