y ™27 May 2005 1 DESCRIPTION Liquid Crystal Display Device and Liquid

- Crystal Projector Device Technical Field The present invention relates to
“aliquid crystal display device and a liquid crystal pro?@&"@b?o%vi ce, and
further to a panel cooling nmethod. Background Art In these days, a liquid
crystal projector device using a quili d crystal panel as a liquid crystal

| i ght val ve therein has been devel oped evidently. As the liquid crystal

proj ector device, there are mai ' ed a data projector device
configured for a personal con@%%?ﬁ?gﬁa&t proj ect or device configured
for ;hon&é heat er,, .an further, there is considered a rear projector

devi celUEt rystae Pisplay Dedge apd djigutd GrystaldPrejectonPevidee | i quid cryst al
projector device is roughly divided into two types, that is, a :

si ngl e-panel type which uses a liquid crystal light valve (liquid crystal
panel) with color filters of three colors, i.e., R (red), G (green) and B

(bl ueYeclanéhlFithy ee- panel type which uses three nonochrone liquid crystal
light valves (liquid crystal panels) for three optical paths of R G and

B, respectiyel The liguid arystal projector device is  divided into

whet her aTﬂ%ﬁ%ﬁc&ﬁgﬁeﬁ regp% rtBj%EﬁqUJI‘CFGFYS&alr Pyt dorice wod aligidj ect or,
dependi ng, on whether the |liquid crystal |ight valve which is a center of

t he ﬁt&ﬂ%hp{p]eg\pr Ueyicgpand further to a panel cooling method. -

Ba(;kground Art

In these days, a liquid crystal projector device using a liquid crystal panel as a

liquid crystal light valve therein has been developed evidently. As the liquid crystal

- projector device, there are mainly considered a data projector device configured for
a personal computer, a front projector device configured for a home theater, and
fuﬁher, there is considered a rear projector device configured for a rear projection
television.

The liquid crystal projector device is roughly divided into two types, that is,a
single-panel type which uses a liquid crystal light valve (liquid cryst'él panel) with |
color filters of three colors, i.e., R (red), G (green) and B (blue), and a three-panel type
which uses three monochrome liquid crystal light valvés (liquid crystal panels) for

- three optical paﬁhs of _R, G and B, respectively. The liquid crystal projector device is
divided into whether a transmission type of projector or a reflection type of projector,

depending on whether the liquid crystal light valve which is a center of the liquid




2 Wiquid crystal projector device is the type of transm ssion or the type
of reflection. Here, an optical systemof a three-panel transm ssion type
of liquid crystal projector device is constructed such t&aMaypRP@gi d
crystal light valves, each corresponding to each color of R G and B, are
di sposed on three light incident planes of a polyhedral dichroic prism
(cross prism in a state of opposing:%o one another; and R-light, G1light
and Bsli €t, each transnitted through the corresponding liquid crystal

li ght 1\%‘? é,fysé@alep@}ffﬁfﬁé pyie 1pPhertnesolotransmisgionhenihe type omrafldction.adi at ed
into a projection lens. At that tinme, each liquid crystal |ight valve
gener at es » emiapgicab spiten pf iacthre@pahebtrananissitn tyfeeof ThRIETHfRal t he
tenperature at the tine of operation (will be referred to as operation

LenbepRiecr VRIS ebisthiaeaasgen  Har! 1R MeyPAT diatt! vhRs, it

crystal ‘light valve, organic matter is use or crystal

2 phaca o Riiag 8 eaPh b0 BE KT o Brarc iR auedtan ince ieBucidoniplans! s ol so

- used fgr aflattening filmand the like on a thin filmtransistor (TFT").
Ther ePbf Polihesial dighraie prismiorgssqpasm) e statecofaipposingto ored armishés; agdow ng
to increasing tenperature or increasing quantity of light. For this reason,

an ai R-light, GrljghearbB-ligltpench thamninédahicuphitie @@ﬁb&p&.d}ﬁ thid 4gspg i quid
have been proposed as a nethod of cooling l%?e l'i qui crys%gqla f?%&ﬁ/lts&gal ve
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| i ght nthe 1liquid-cooling nethod, the liquid crystal |ight val ve.
is c ﬁ%&g@l Lernisngi ng cooling '27 May 2005 3

At that time, each liquid crystal light valve generates heat owing to absorption
of light or the like. Therefore, the temperature at the time of operation (will be
referred to as operation temperature, hereinafter) increases. On the other hand, in the
liquid crystal light valve, organic matter is used fof not only the liquid crystal itself
butalso an orientation layer, a seal portion, a polarizing plate, a phase difference plate
and the like. In addition, organic matter is also used for a flattening film and the like
on a thin film transistor (TFT). Therefore, there has been worry about deterioration
of reliability owing to increasing temperature or increasing quantity of light.
For this reason, an air-cooling method using a fan and a liquid-cooling method
'uSing liquid have been proposed as a method of cooling the liquid crystal light valve
(liquid crystal panel). In the air-cooling method, the liquid crystal light valve is
- cooled by rotating a fan so as to fan air to the liquid crystal light valve. In the

liquid-cooling method, the liquid crystal light valve is cooled by bringing cooling




li‘quid into contact with the liquid crystal light valve. However, in the
~air-cooling nmethod, there have been inconveni ences such that noises are
generated by rotations of the fan or dust rises. In the |#gMey288®!ing
nmethod, it is necessary to dispose a liquid-cooling container around the
liquid crystal |ight valve, which dasadvantages in regard to
mniaturizing. In addition, tenperat of cooling liquid is influenced by

envir nme tal tenperature aro nel Therefore, cooling effect
easi | BHe Lopfa) At hﬂlﬁf Iyét ?tlir?i’i‘lté’al@ a problemin that sufficient

cool i ng effect I's not easily obtained. In particular, as the distance
bet ween opHoevarginibe sibesulinsmeitited, thevehgve beo i mcamnememgs su¢lethat
environnmental tenperature increases accordingly. OMng to the increase of

the tgaRes aérb”g,%nelrél@d f@@ﬁﬁﬁiﬁr@f fHe TP of QRist Ribek] O the ﬁqﬁﬁi@bbﬁﬁéy
I ncreased. Thus, cooling effect is expected to deteriorate. In the future,

e B fﬂﬁ?si@@?ﬁEiﬂ%Ed{cﬁﬁiﬂﬁ%ﬁﬁﬁé%ﬂﬂﬁ'éiﬁ Haiq oy BRPGC <11y

of the liquid crystal light valve (ljquid.crystal and density of
quant lgbt‘éa VEi Which disadvariagesingegpid toiginiatugizyag. af f(yﬁpnv@nu@raﬁw be
I ncreased. Accordingly, there has been a trend in that the operation

t enpeofitcontingf ligind is nflubroedsbwylenvimnmeamhl empexateses easunth thdpantlher
hand, mniaturization of the liquid crystal |ight valve (panel size) wll

be i MPRENTEre, Ebshﬁg%fféct eﬁs1§fl12edzﬁn@§<ﬂ?@teﬁd Futfferhitit Sdhege Rfa froBlcres at i on

terrperature Wi | accel er In those cases, t he’ conventi onal
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temperature increases accordingly. Owing to the increase of the temperature, the

temperature of the cooling liquid is remarkably increased. Thus, cooling effect is
expected to deteriorate. |

| In the future, with the progress of enhancing high luminance, high quality of

images and remarkable minuteness in the liquid crystal projector device, pixel density

of the liquid crystal light valve (liquid crystal panel) and density of quantity of light

incident into the liquid crystal light valve will be increased. Accordingly, there has

been a trend in that the operation temperature of the liquid crystal light valve

increases. On the other hand, miniaturization of the liquid crystal light valve (panel

- size) will be improved. Thcrcforg, it can be expected that increase of the operation

temperature will be accelerated. In those cases, the conventional air-cooling method

or liquid cooling method cannot restrain the temperature of th‘evliquid crystal light




Di scl osure of the Invention An exanpl e enbodi ment of the present invention
may provide a new liquid crystal display device and liquid crysta

proj ector device, which can solve the problens that the abov-Man2Gned
conventional device has. Another exanpl4 enbodi nent of the invention may
provide a liquid crystal display device and a liquid crystal projector
devi ce, wilehHraamcraaneaty mertsoitoat atwill e Gifrthiet difficaltitatsiain teliability theregf.up Wi t h
i ncrease of tenperature or increase of |ight quantity. Another exanple
~enbodi ment of the invention may provide a liquid crystal display device
and a liquid crystal projector device, which can efficiently cool a

st ruct ur epjsRetitsbN@e fvehdisiti d crystal panel, and further a method of
cooling a panel of the liquid crystal panel. In accordance with a first

aspect of the ent, i ti0 here is provided a l.iquid .crystal

G Sl aydevi et GRanle ebERANor g HSehdinlerth 05 SoritgHutr EEH ane
of a prismin an, adhered . state sq as to.integrate the panel with the
prism co(ﬂ]fﬂl‘?ysg‘ﬁ@cecﬂ%i {“ﬂf@d ﬁ@%”i PrYFLafsyIcee B@F‘ihnﬁfmt $obve; ﬁ? Pyl thet thect ur e
statically, and bringing a Peltier cooling conponent or a heat pipe, or
both as aAbhEermesiigied spnyentionnddévierghaseans into contact with the bottom face
of the prism In accordance with a second aspect of the present invention,
there i s providlethea exbipieiethbodiyshabf feopesition ntgvproeide aniguid agsta dispipyi d
~crystal light valve on a light incident plane of a prismin a bonded state

SO as to deRic@ahiPd Bqhil Rrysell PRojdrtel ke, WhikE Bhn FRVBH:IdeicROrati6P8F ithelamaRs for
forcedly cooling the integratfed structure statically; and bringing a

Peltier - GRHTRR t  Rpi . s.a heat sink of the
cool i ng %%g%ggg%to c%%%%?ﬁ&%?rﬁﬁgﬁgq%%%Fgﬁfkéggn%ﬁﬁ¥he prism In
accordance wt third aspect. of t present invent.ion,. there is provided
a nmethod of c‘g‘lﬂ%Teﬁﬁ"%{%“ér?BT Pélﬁﬁahf’? ﬁ‘@ IVanfigR, MY G ’w&ﬁemﬁﬂ %\%ang ht
i ncident plane of a prism2' 7 May 2005 . ] ) )

evice and a liquid erystal projector device, which can efficiently cool a structure including a

liquid crystal panel, and further a method of cooling a panel of the liquid crystal panel.

In accordance with a first aspect of the present invention, there is provided a liquid
crystal display device, mounting a liquid crystal panel on a tight incident plane of a prism in an
adhered state so as to integrate the panel with the prism, comprising cooling means forcedly
cooling the integrated structure statically, and bringing a Peltier cooling component or a heat
pipe, or both as a heat sink of the cooling means into contact with the bottom face of the prism.

In accordance with a second aspect of the present invention, there is provided a
liquid crystal projector device, mounting a liquid crystal light valve on a light incident
plane of a prism in a bonded state so as to integrate the valve with the prism; comprising
cooling means for forcedly cooling the integrated structure statically; and bringing a
Peltier cooling component or a heat pipe, or both as a heat sink of the cooling ﬁems into
contact with the bottom face of the prism.

In accordance with a third aspect of the present invention, there is provided a

method of cooling a panel, mounting a liquid crystal panel on a light incident plane of a prism




5 in a bonded state so as to integrate the panel with the prism and
forcedly cooling the integrated structure statically by bringing a Peltier
cool i ng conponent or a heat pipe, or both as a heat sink of Zhdaxdels ng
means into contact with the bottomfacebof the prism In accordance with a
fourth aspect of the present invention, there is provided a liquid crystal
di spl ay davi dendadostatei segasatd integirate chey parel witnéle prasinn gandufopedlyi eiglingrter s i n
. a bonded state and in a detachable manner on a |light incident plane of a
prism t hr mweghatal dtruatispsaatially bg biisging b @chiay taiginpicafpheat oiCOReY pipk varthsth | n
accordance wth a fifth aspect of the present iInvention, there is provided
a 1iquid ascihest dhk XAl &NAE nfEK iR® colBstRbitH e BotldnfiBkdothY §igh. Panel using
supporting nmenbers in a bonded state and in a detachabl e nanner on a |ight
i nci dent plan ' nt substrate havi hi heat
conduct i vi vy Teabtalics SR R Ayfter Of O TRSDE B et eRl 8 puAIRUBME on
there is pravigde met hod .of coolin anel.,, mounting a liquid crystal
panel usi ﬁﬁ@‘lﬁgsa??ﬂ%%%@r%aﬁﬂmé CEHURGS| Wi BPRRng FrembgeAaraBidl
manner on a |light incident plane of a prismthrough a transparent

subst r at eStifa@nédn Aidglachable meprrtwatd Nght jncidend plase of agrismethtougly i draespgrsntal
panel. The liquid crystal display device in the exanple enbodi nent nounts a
| i qui d crspbstedte havinpdiigloleancdndgdiivitynci dent pl ane of a prismin a bonded
state and integrates the panel with the prism and forcedly cools this

integrated strinGicbérdarihatiftCatiit aecConhe Pﬂ:sélﬁ%‘y%ntiéiﬁ @RirdisNGb¥ided 4 lighRCONeS
possible to cool the liquid crystal panel efficiently w thout bringing any

troubl e S £ | oatyy . {1 s anpl e
o e TRE AR08 1L R o5 sl DA oGt ™
l'i quid cr.yst.al el as.its Jiguid crystal light. valve, if the sa

const ruotFarboadf Hate 458 b el wif? bR i Bk it of 4 o EL O
liquid crystal [light valve gfficiently,mﬁthout bri ngi ng any troubl e caused
by fan nofasepasent sytstate haviagbigh heat conductivity.

In accordance with a sixth aspect of the present invention, there is provided a method
of cooling a panel, mounting a liquid crystal panel using supporting members in a bonded
state and in a detachable manner on a light incident plane of a prism through a transparent
s.ubstrate having high heat conductivity, and cooling the liquid crystal panel.

The liquid crystal display device in the example embodiment mounts a liquid crystal
panel on a light incident plane of a prism in a bonded state and integrates the panel with the
prism, and forcedly cools this integrated structure statically by cooling means. Accordingly, it
becomes possible to cool the liquid crystal panel efficiently without bringing any trouble
caused by fan noise or floating dust. In addition, in the example embodiment, in regard to
the liquid crystal projector device using a liquid crystal panel as its liquid crystal light valve,
if the same construction as the above is adopted, it becomes possible to cool the liquid crystal
light valve efficiently without bringing any trouble caused by fan noise or floating dust.

Further, the liquid crystal display device and the liquid crystal projector device in the

example embodiment mount a liquid crystal panel in a bonded state on the light incident plane



Further, the liquid crystal display device and the liquid crystal projector
device in the exanple enbodinent nount a liquid crystal panel in a bonded
state on the light incident plane 27 May 2005 5a of the pri s2f Mhy 20@fh a
transparent substrate having high heat Saonductivity and integrate the

panel with the prism In the liquid crystal display device and the liquid
crystal pebjhegtrism tHiswighe transpant sebsanatelhaviagihigh hean tomlubiindtyi id diitygtialthopanel
is nounted in a bonded state on the light incident plane of the prism

t hrough apidepstR@eSHsnsubst rat e having high heat conductivity and
integrated with the prism Accordingly, heat generated at the |liquid

| | . ; ; . d
cryst ?S S?P ]? Us gg tl‘%ﬁﬁ%@ %grsm dlsﬁagéﬁ dRRShar&p Hl(@ﬂp §1§!Et?fa§ro?%gorgécfl%}c§% e

heat rrsm us, the liquid crys
fficientl I ith the. pri d | i thinth |
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whi ch may be obtained through the invention wll|l be obvious further from
the descrPiis oh Be EiBbdirresh ¢ wasprentgabsiraie davingr high deek conduptivityy ahos 6
Brief Description of the Drawings FIG 1 is a schematic di agram show ng an
exanpl e ofnieprateshwitle thie psigret Aenordingly theatgenaated it the liquid onystelrppadl ad absorbgdslost or
devi ce according to the invention; FIGS. 2A and 2B are di agrans showi ng a
mai N part thefiraspluiettUiubstratrang tl abfibideehtds diffdedityahe@peeh dikng tholiguid krystal
enbodi nent of the invention, FIG 2A being a side view thereof and FIG 2B

bei ng a pbﬁi@li‘é%ﬁiﬁi&ﬂ?@@t@%&wﬂﬁepﬁs&%& ARSI ANAL e SHONRG2 Mai N

part of a construction
Additional objects of the invention and specific advantages which may be obtained

through the invention will be obvious further from the description of embodiments to be

described hereinafter.




4+ .
mounting a liquid crystal panel and a construction of cooling the sane;
FIG 4 is a side view showing an exanple of a main structure of a liquid
“crystal projector device according to a second enbodi merd? gy 285
i nvention; FIGS. 5A and 5B are diagrans for explaining a nodification of
the second enbodiment of the inventigon; FIG 6 is a perspective view
showi ng an exanple of a main structure of a liquid crystal projector

devi c I.ng.: | i.ment of the invention; FIG 7 is a plan view
show %—?eca‘[cnﬁégééﬂ%fo} éﬂl%’d]gg%@ﬁ%ﬁct ion of integrating a prismwith aliquid
crystal panel; FILG 8 .is a,plan view show ng another exanple of a
const ruct i dAGefl ihResfhematic diagrapy shonving rany pxamplupl aty gptigdl pustem F G
.9 is a plan view showi ng the other exanple of a construction of :

i nt egcahsingetidre of ailkidictystalhgrdjector devicgsicabrdiagab th&ikentdn;s a pl an vi ew
showi ng still another exanple of a construction of '27 May 2005 7

|t ear ot ngytie o BBt WX it p BB FerylalpoRcRlan Vi ew

showi ng an exanple of "a main“part struéture o proj ect or

Cr 0ss O RiLe vt opidn Hskempaingnh OF e Stycnifoo, RIEH 2 Peinect SRS ng o

liquid crystal; FIG 13 is a partially sectional view showing a main
st r uc thareoband RlGg2Bibeingst plan view]theresit; devi ce according to a fifth
enbodi nent of the invention; and FIG 14 is an expl oded perspective di agram
show ng a RGN 3sis Bairosesadtidnat view showing a main part of a construction of
mounting a liquid crystal panel and a construction of cooling the same;
| FIG. 4 is a side view showing an example of a main structure of a liquid crystal
projector device according to a second embodiment of the invention;
FIGS. 5A and 5B are diagrams for explaining a modification of the second
embodiment of the invention;
FIG. 6 is a perspective view showing an example of a main structure ofa liquid
crystal projector device according a third embodiment of the invention;
FIG. 7 is a plan view showing an example of a construction of integrating a
prism with a liquid cryStal panel;
FIG. 81is a plan view showing another example of a construction of integrating
- the prism with the liquid crystal panel;
FIG. 9 is a plan view showing the other example of a construction of

integrating the prism with the liquid crystal panel;

FIG. 10 is a plan view showing still another example of a construction of




Ii’qui d crystal projector device according to the fifth enbodi mrent of the

i nvention. . Best Mode for Carrying Qut the Invention Hereinafter,

embodi nents in which the invention is applied to, for exafpMay2805

t hree-panel transm ssion type liquid crystal projector device wll be
described in detail wth reference to the acconpanying drawings. FIG 1 is
a schematic di agram showi ng an exanple of an optical system structure of a
liquid, crystal  projecta evij.ce. t 0 kch the invention is applied. In FIG
1, al ?%?éimgsthgﬂri%‘mm&b&ﬁc]éq‘b‘p (Erﬂ\ggilil)&ﬂ?g crystal projector device. For
exanple, a_ metal halide |lanp constitutes the lanp 1. In-a directiqn of

out goi ng | Fift 11 is aplaxeew shoywingan example ofiamatn par stushueed adiquid| R
cut-off filter 2, a light integrator 3, a polarizing conversion conponent
4, a tiystl prejeetdr dndc@atidading @ alfougthleabodimantrofahe fnvéntion;sequent i al
order. ™" 27 "May 2005 8 Meanwhile, in the direction of light reflected by
the first alsyref ' ) . : = i ' : &l ln@Nr oi ¢
mrror 7 aﬁggahg‘elgodngﬁ{s%iggFmr)%fggﬁ 8&6&%‘;@ gﬁglfhﬁﬁmgs@ggﬂé#ﬁ% Iogr der.
In the directign of light reflected by the first dichroic mrror 7, there
are dMOYHYEG 311Gy ?Fd’sgilbhroic mrror 9, a second lens 10 and a third total
reflection mrror 11 in the sequential order. Further, in the_ direction of
li ght ref | EGel ismpartielly sectionadvi¢wisbowang h ominstrpeturg of afiquidceystal

di sposed a third lens 12 and a fourth total reflection mrror 13 in the
sequepidjédtopdeeice ddtokdiagdbrefifth@inbbdinm@titoftht ieedibianiche second total
refl ection mrror 8, a lquid crystal light valve 14 for R (red) is

di sposed. i;

G sposed. ! 18 8 SSuI e obiyé BHSsbihonig DR sghi e

liquid crystal projector device according to the fifth embodiment of the invention.

Best Mode for C.arrying Out the Invention |
Hereinafter, embodiments in which the invention is applied to, for example, a
three-panel transmission ‘type liquid crystal projector device will be described in detail
with reference to the accompanying drawings.
FIG. 1 is a schematic diagram showing an example of an optical system
structure of a liquid crystal projector device to which the invention is applied. InFIG.
"1, a lamp 1 is a light source of the liquid crystal projector device. For example, a
metal halide lamp constitutes the lamp 1. In a direction of outgoing light irradiated
from the lamp 1, there are disposed a UV-IR cut-off filter 2, a light integrator 3, a

polarizing conversion component 4, a first lens 5.and a first total reflection mirror 6

in a sequential order.




di'Sposed. Further, in the direction of light reflected by the fourth total
reflection mrror 13, a liquid crystal light valve 16 for B (blue) is

di sposed. On light incident sides of the liquid crystal B7 iy 208 ves 14,
15 and 16, there are disposed |lenses 17, 18 and 19, and further disposed
pol arizing plates 20, 21 and 22, respectively. TFT liquid crystal panels,
each having thin filmtransistors (TET) arranged in a matrix nanner

therein, can be used for the liquid crystal light valves 14, 15 and 16.
Her ei naf t edMeanwhilegim the disectian dfilight reffecied byithd fikst totl esfiedidnomirsor
"liquid crystal panel” in the description. In a region surrounded by the

i qui @, diorstee d & a¥ikst dleheoid Mitrordy Sh & REOESHd RIAISEFRBLibA nifriiaSgd- The

dichroic prism 23 constitutes a prismin the invention, and, referred to as

acro | : I glrQLk Cy: ks . al,yhedr exahedr on nd ' 27
May 2 %%Qég qulggpg%%uqurtﬂ%ﬁé%&klgﬁr@{gl]ﬁzeﬁgﬁgg& c@gﬁr@g‘&ﬁﬁ%‘@dﬂ“{%ﬁ > prisns
to eagh other. The dichroic .pyism23 has three |light incident planes and a
| i ght HYTEAIE Aispesed amecord digaroig ingiror; fca seeendilensed0 andea thirdi otar yst al

- panels 14, 15 and 16 are disposed, respectively, in a state of opposing to
each oeflestionomitrhe ]l igythe sequadtial omdgr.pFartker, én theadisedtidner g letrefi2dteids
bonded. In the direction of light irradiated fromthe dichroic prism23, a

Pr of eByithe thied Sotal ol 11 RORA ERpOON & BIRd fohsl £ SRT SRS bY

. 1 .
conbi ned plural lenses, i.e. five to ten nses sposed on a conmon |ight

axis. L.cak e ligquid crystal projector device

consttf l}@l[%gle%glbbﬁéﬁkrrgﬁg%gﬂ]t%F%tﬂuﬁqﬂ@ﬂpr radi ated fromthe | anp 1 passes

t hrough th -IR cut-off filter 2 the light integrator 3, the polarizing
conver si onﬁbgﬁ/ﬁ)éﬁ@ﬁpoa %t{]lig*lhéeﬂ@qt%d byeihe second total reflection mirror g, a

liquid crystal light valve 14 for R (red) is disposed. In the direction of light reflected

by the second dichroic mirror 9, a liquid crystal light valve 15 for G (green) is
disposed. Further, in the direction of light reflected by the fourth total reflection
mirror 13, a liquid crystal light valve 16 for B (blue) is disposed. On light incident
sides of the liquid crystal light valves 14, 15 and 16, theré are disposed lenses 17, 18
and 19, and further disposed polarizing plates 20, 21 and 22, respectively. TFT liquid
crystal paneis, each having thin film transistors (TFT) arranged in a matrix manner
therein, can be used for the liquid crystal light valves 14, 15 and 16. Hereinafter, a
"liquid crystal light valve" will be referred to as a "liquid crystal panel" in the
description. |

In a region surrounded by the liquid crystal panels 14, 15 and 16, a dichroic
prism 23 is disposed. The dichroic prism 23 constitutes a prism in the invention, and

referred to as a cross prism. The dichroic prism 23 has a polyhedral (hexahedron) and




ant comes into the first total reflection nmirror 6. And there, the incident
light is reflected substantially perpendicularly. At this tinme, the U/-IR
cut-off filter 2 cuts off ultraviolet rays and infrared 2ay4ay 206bh
included in the light irradiated fromthe lanp 1. The |ight reflected by
the first total reflection mrror 6 is selectively penetrated through or
reflected by the first dichroic mrr& 7. That is, the first dichroic
mrror 7 allows RIlight to penetrate the mrror itself and reflects G and

B- | i gtguadrangutat blgck stpstsedonkirooigd byheorfding fodi pHismisto @heki othef. The

- reflected by the second total reflection mrror 8, and then passed through

t he | elichrbic glntmhﬁ)ﬂlﬁfééﬁ ht
comes intro t%e liquid cryst ﬁ%&%ﬁ@es@ﬁhﬁ%@%gadﬁ%ﬁ?ﬁ r{{h hand,
t he d; h f t he dj chroic sel.ectiv Iy
penetGrhgll'g r{%ﬁé%ﬂghlz{{fﬂs gﬁ ﬁﬂ'é tﬁie l)‘nc“ell iﬁr@)‘?@: iﬁ‘e 15 digpo i s,
the second dichroic mrror 9 aIIows the B-light to penetrate the mrror

Or
i t sel FESREEUVEDE 1B Yaienel oppoging tomaeh @theyhDr diel kighteutrasiating pianeoad
dichroic mrror 9 passes +through the lens 18 and the polarizing plate 21,

and cpotaizing platee2d ishomtledr yst al panel 15. In addition, the B-1ight
havi ng penetrated the second dichroic mrror 9 passes through the second.

Lens 10" andn spncd ot ight ilah L0 4m BRI ARRI R ullid 581 g;ﬂurig&?ﬁlgp%“e

B-light is reflected subs antially perpendl cul ar

refle rLOr mll. Furih flected by t third total
refl eg§ lgﬁléﬁ ?‘g The IHQESC(E ﬁP%éSHS Cf’ﬂg%ﬂlﬁ?‘{ﬁy Icé‘ﬁkb@?g H&Fa RsES.ilf 0 t he
fourth total reflectlon mrror 13. Then the B-light 1is reflected

subst Hueitaitey lensep disnased on 4 commonlightiaxis. t ot al reflection mirror 13.

In an optical system of the liquid crystal projector device constructed as the
| above, white light irradiated from the lamp 1 passes through the UV-IR cut-off filter
2, the light integrator 3, the polarizing conversion component 4 and the first lens 5,
~and comes into the first total reflection mirror 6. And there, the incident light is
reflected substantially perpendicularly. At this time, the UV-IR cut-off filter 2 cuts
off ultraviolet rays and infrared rays, both included in the light irradiated from the
lamp 1. |
| The light reflected by the first total reflection mirror 6 is selectively penetrated
through or reflected by the first dichroic mirror 7. That is, the first dichroic mirror 7
allows R-light to penetrate the mirror itself and reflects G- and B-light. The R-light
passed through the first dichroic mirror 7 is reflected by the second total reflection
mirror 8, and then passed through the lens 17 and the pdlarizing plate 20. After that,

the passed light comes into the liquid crystal panel 14.




After that, the B-1ight passes through the Iens 19 and the polarizing plate
22, and then conmes into the liquid crystal panel 16. As described above,
the light (white light) irradiated fromthe lanp 1 is sepaMaye®0bnto R-,
G and B-light and the separated light is irradiated into the |liquid
crystal panels 14, 15 and 16, respectively. Thus, on each of the three
liquid crystal panels 14, 15 and 1610there is formed an optical inage
being in the color corresponding to each of the panels 14, 15 and 16. The
optical i mideshaothdrdramed then G-tanel Brlightdreflegsddaby phe dichrdit, mifoarfdark6 by
controlling the quantity of penetrating light for each pixel in the

respegéletfiv fetrd¥dd iﬁ%u%‘ﬁhr%@ﬁ%cﬁeﬁéba‘,’; gfe; é’b%ﬁnd t(fi?u?%%m%of‘ gd f s irght

havi ng penetrated the 1 qu crysta , fFespectively,
come iynt he, di ghr oi ¢ .pri 3. In the.dichroic prism?23, the R, G and
21 e Seeti A Bh o afpwa the BighCH Beedite 185 miien Bl dndzs 15
~generate one optical inmge constituted by the R G and B. The optical image
gener &fiercts the K5-dightn e Gslight eefleated byrtbe serend idjehroie minicat9 pgssesane of
the dichroic prism 23 and passes through the polarizing plate 24. Then,

t he i tiapegheohekns1Baridthe Rplairiﬁﬁg ipbate R¢nan@bomeD o tisd ﬁqﬁiﬂ%yétﬁﬂﬁaﬁ’e'i

enl arges the incident light (optical inmage) irradiated fronthe dichroic
prismg3 and projects the enlarged optical inage on a screen (not shown).
Incidentally, the first, second and third lenses 5, 10 and 12 work so as
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the B-light is reflected substantially perpendicular by the third total reflection mirror

11. Further, the B-light reflected by the third total reflection mirror 11 passes through

the third lens 12 and comes into the fourth total reflection mirror 13. Then the B-light

is reﬂectéd substantially perpcndiéularly by the fourth total reflection mirror 13.

After thét, the B-light passes through the lens 19 and the polarizing plate 22, and then

comes into the liquid crystal panel 16.

As described above, the light (white light) irradiated from the lamp 1 is
separated into R-, G- and B-light and the separated light is irradiated into the liquid
crystal panels 14, 15 and 16, respectively. Thus, on each of the three liquid crystal
panels 14, 15 and 16, there is formed an optical image being in the color
corresponding to each of the panels 14, 15 and 16. The optical images are formed on

the liquid crystal panels 14, 15 and 16 by controlling the quantity of penetrating light

for each pixel in the respective panels.




FI'G 2Ais a side viewthereof, and FIG 2B is a plan view thereof. FIG 3
is a cross-sectional view showing a nmain part of the construction of
mounting the liquid crystal panel in an manner of enl arg2hiflay@i0%he t hree
pl anes of light incidence in the dichroic prism23, as shown in FIGS. 2B
and 3, the liquid crystal panels 14, 15 and 16 -are nounted in a bonded
manner, respectively. By doing so, tHe dichroic prism23 and the liquid
crystal panels 14, 15 and 16 are integrated with each other. Further, a
cool i ng re&usthes, ttie FpoEBhinddB dight Havéngpemeteited phid KquikBeystapanels Bt,cedl y
cool the integrated structure constituted by the relevant dichroic prism
23 andst E OL : : t gt . 2005
12 tordind 6 et Fome Mone tichicPtatns, 8 ipbldhraic gred 2
panel g 14, 15 16 to .the dichroic ism 23 anpd a structure of the
oot i M Beais anit 5-1ight RO Sof thver dieom direalicns afesy phAtked 5o down i n
FIG 3 used as an exanple. Between the dichroic prism23 and the liquid
cryst & gpnerate DBE (a)tinr;l? amagerepnspituted 6 thmR, 4 tandnBpaTbatopgicad dmagbst r at e
.27 are interposed. The transparent glass substrate 27 is nade of sapphire
gl assgbpeabal 11 s irdhef Rrigtadiated fvorarthé Night ik&diafig pliee bi BY dichfdident
~side of the liquid crystal panel 16, i.e., on the side opposite to the
di chr Qj.: ' f : .S 4di : AL | ate 28
s oS3 B e (i ehion! b Bobictlife perk 2.0 TRAE B inldife fOiRlss TGP, 01
path fram neetin focal ..lenpgt f .the projection.lens 25 so as. to
ot 0CBESISEOR M EhePralp i | BB (E SN (BPIGH B2 ho
polarizing plate 26, the transparent glass substrate 27 and the dust-free
pl at eirpBliated froomtheddicbgeichyismi23nand projeciguhd endarged optioad limb@eion a nmanner
that their planes are in contact with each other.

screen (not shown). Incidentally, the first, second and third lenses 5, 10 and 12 work

so as to make optical paths of R, G and G the same length.

FIGS. 2A and 2B show an example of a main part of a construction of the
liquid crystal projector device according to the first émbodiment of the invention.
FIG. 2A is a side view thereof, and FIG. 2B is a plan view thereof. FIG. 3 is a

 cross-sectional view showing a main part of the construction of mounting the liquid
crystal panel in an manner of enlarging.

On the three planes of light incidence in the dichroic prism 23, as shown in

- FIGS. 2B and 3, the liquid crystal panels 14, 15 and 16 are mounted in a bonded
manner, respectively. By doing so, the dichroic prism 23 and the liquid crystal panels
14, 15 and 16 are integrated with each other. Further, a cooling means is disposed
around the dichroic prism 23 so as to forcedly cool the integrated structure constituted

by the relevant dichroic prism 23 and the liquid crystal panels 14, 15 and 16 statically.




THat  is, one plane of the polarizing plate 26 is in contact with the |ight
- incidence plane of the dichroic prism23. The other plane of the
"polarizing plate 26 is in contact with one plane of the 2fMayg8bent gl ass
substrate 27. One plane of the liquid crystal panel 16 is in contact with
the other plane of the transparent gl ass substrate 27, and the other plane
of the liquid crystal panel 16 is inlZcontact with one plane of the
dust-free plate 28. In addition, the dichroic prism 23, the polarizing
pl ate 26, Heecinaftospespetifigcanstrustids bf mauihg theeliguiguénystal panels Idanel 16
and the dust-free plate 28 are bonded to each '27 May 2005 13 other with

use ojg %uld $68 %fﬁicﬁfﬁl@ﬁiﬂﬁnWﬁnefa \Aﬁ'ﬂiricl%ﬁﬁé Qrahe AR Rban§ Skl bEor the

adhesi ve, esired tg use resin as substantially the sane

st navgerped i of Tighdf R et 31 T WEFIGLS el ATt ™ ©

reflection_(interface ref]|ection) at contact interfaces _between_,
conponent sBetween #i¢ dichsoisepriisadih anditbe digwad icvpstabpapel 16, 2 prkatizingt hane
resin, epoxy resin, silicon resin or the like is enployed, for exanple.

Fur t hplate 26 &id & eanspslent gldssaubkhatd 2k are antelyosatis ol kenplaaypatenOplashe
bottom face of the dichroic prism23, a heat sink 29 is provided in a

st at egpfoiDgd DY ib @ﬁé@?ﬁpgml{ﬁg%&?ﬁ@% ;ﬁ:i%ﬂ RER collRicReRy oY (K 14R. i9n made of

metal ~ material having Ity, for exanple, alum num The
" aer SscHeRmegim Sigk BRI s Aervs Rl bas Terrr o8 Re 1B Stis3e e "
i'ntegrated manner. An upper end face of the riser portion_30 is in_contact
wi t h- dichroicquisan 23y a dust-pan plaie &8 dispasedu Jherdust-fppegplate 28 1s made of
glass and has a function to prevent dust existing on a light path from meeting the focal
length of the projection lens 25 so as to defocus.
On the plane of light incidence in the dichroic prism 23, the polarizing plate 26,
| the transparent glass substrate 27 and the dust-free plate 28 are mounted together with
the liquid crystal panel 16 in a manner that their planes are in contact with each other.
That is, one plane of the polarizing plate 26 is in contact with the light incidence plane
- of the dichroic prism 23. The other plane of the polarizing plate 26 is in contact with
one plané of the transparent glass substrate 27. One plane of the liquid crystal panel
16 is in contact with the other plane of the transparent glass substrate 27, and the
other plane of the liquid crystal panel 16 is in contact with one plane of the dust-free
‘plate 28.

In addition, the dichroic prism 23, the polariZing plate 26, the transparent glass

substrate 27, the liquid crystal panel 16 and the dust-free plate 28 are bonded to each




A-heat pipe 31 is drawn around the panel -nounting portion of the dichroic
prism 23. The heat pipe 31 constitutes a heat sink of the cooling neans
according to the invention. On the upper portion side of2{ NaydOhr oi c
prism 23, the heat pipe 31 is disposed in a state of being contact with
the dichroic prism23 and the transparent glass substrate 27. On the | ower
portion side of the dichroic prism?28 the heat pipe 31 is disposed in a
state of being in contact with not only the dichroic prism23 and the

t r ansptheewitlylss of a dhasispatent 2dhesive ahade of wltravisichhatdeaimkred. For thegard to
the heat '27 May 2005 14 sink 29, the heat pipe 31 is in contact with two

parts e ik S} | : &6k | ' 0. In

t he sfa%%%lﬁ%eﬁ E}Zggsﬁf%gf a %{/ée@,ﬂi s\éhhelﬁﬁ fﬁ ﬁsegfli)t|5 qui égﬁgst%% %g%ferﬁayeénfe?@ae es heat
by absorbing.li.ght, .the. heat is s and diffused variou e

tr ans?%ﬁher Hg’tt%@gl ofsthe; ‘ﬁ]é:tﬂ'&%llcl H&%‘n@;&gf CXATPeG, LeSiH QE}/‘ T ﬁej‘ F%ﬁrgw%e rout es
are ‘avail able, such as: a route leading to the heat sink 29 via the

dust - Faasen forthat 380 sapprassdight seflenjiondinteefage aeflgttpn) ageomtachintérfaces
transparent glass substrate 27; a route that the heat is absorbed by the

heat bgween3dompblieais! Boptdih thbenmed asuheddhgsiveahbngdicRdin! Mrethaneut e
| eading to the heat sink 29 via the transparent gfass substrate 27, the

pol arj.zt | cheol Gy Pi - di he heat
o1 pe. AU, Fosh GMCoh Yesfl BRYAL TikePls affbfoed” B8 MRmf?? alitHlR, 3,0 e
air. fr.am the heat sink, 29; rqute that the heat is diffused into the air
fromﬁlﬁgoﬁlgﬁl’-qlf%ﬁb? Ek@ cggﬁ)eazﬂaoteﬁgjqpy . In particular, according to the
invention, the liquid crystal panel 16 is nmounted to the dichroic prism23
i n a bonde@nsthgthotunifnge of ke déchroi prisme? 3,23 beabsinkdhist previdesbimar t i es
Is-secured widely. Further, the heat pipe 31 is drawn around the dichroic
state of being in contact with the bottom face. The heat sink 29 is made of metal
material having high heat conductivity, for example, aluminum. The heat sink 29 has
a quadrangular block construction from a plane view. A riser portion 30 is formed
at an end portion of the heat sink 29 in an integrated manner. An upper end face of
 theriser portion 30 is in contact with the liquid crystal panel 16 and the dust-free plate
- 28
A heat pipe 31 is drawn around the panel-mounting portion of the dichroic
prism 23. The heat pipe 31 constitutes a heat sink of the cooling means according to
the invention. On the upper portion side of the dichroic prism 23, the heat pipe 31 is
disposed in a state of being contact with the dichroic prism 23 and the transparent
glass substrate 27. On the lower portion side of the dichroic prism 23, the heat pipe

31 is disposed in a state of being in contact with not only the dichroic prism 23 and

the transparent glass substrate 27 but also with the heat sink 29. In regard to the heat




prtsm 23. Therefore, it is possible to efficiently suck the heat
transferred fromthe |liquid crystal panel 16 to the dichroic prism 23 by
the heat pipe 31 in addition to that the heat generated &7 Mdye2Q0bqui d
crystal panel 16 is directly sucked by the heat pipe 31. In addition, -
according to the invention, the transparent glass substrate 27 having high
heat conductivity is interposed betwaén the dichroic prism23 and the
liquid crystal panel 16. Therefore, it is possible to suppress thernal

resi stsimic29, iz iday p2PO31 id in betitaeewithhevo | PQHS df eliey histde oMRks Whieldrd he
dichroic prism23 to the |ow extent. Further, the heat pipe 31 is in

cont aghrikd M gl ass substrate 27 Therefore, it is possible
to sucélwﬁ %&@?%&é&ﬁ ra 6{3'32,[ t he I|qU| d crystal panel 16 by the

transparen bstr at ther fici.entl ucking the sucked heat
by the heat® 43 &“ﬁ?ﬁfeldﬁs%fg*a‘?ff fpve.¢ Ihé’é’th‘lﬁl kcfiéafﬁalilfﬂ EHeTHEs ﬂm h the
bottom face of the dichroic prism23 and the heat pipe 31 is in contact

wi t h byabserhingilightthe Ieatissiicked and diffuseddssvarieus lcat iaksfdreonteat As
transferred fromthe liquid crystal panel 16 to the dichroic prism23 by

t he helgd vaiioks B8at tragsfepYosfe] ﬁie@@ﬂl‘oﬁwﬁg%hf& drbqvailabRd sheRrtasby rbﬁﬁ heat
pi pe 31. As a result, the I|qU|d crystal panel 16 is intfegrated wt

oL o iRk M Real KO i Hﬁ%t“ﬁ Bf«’?? Bentofcnfing Pie 83l fine,
e b B el AR Rl . 1
addition, the heat pipe 31 is used as a heat sink of the cooling neans.
Ther epines31 with air goeundthe panctusdd gs bintirngmediuhf a chentleadingitoghehéact
" hogitnkaZn9yvia the transparent glass substrate 27, the polarizing plate 26 and the dichroic
prism 23; a route leading to the heat pipe 31 from the heat sink 29; a route that the
heat is diffused into the air from the heat sink 29; a route that the heat is diffused into
the air from the dust-free plate 28; and the like,
In particular, according to the invention, the liquid crystal panel 16 is mounted
to the dichroic prism 23 in a bonded state so that the heat transfer area between the
two parties is secured widely. Further, the heat pipe 31 is drawn around the dichroic
prism 23. Therefore, it is possible to efficiently suck the heat transferred from the
liquid crystal panel 16 to the dichroic prism 23 by the heat pipe 31 in addition to that
the heat generated at the liquid crystal panel 16 is directly sucked by the heat pipe 31.
In addition, according to the invention, the transparent glass substrate 27

having high heat conductivity is interposed between the dichroic prism 23 and the

liquid crystal panel 16. Therefore, it is possible to suppress thermal resistance




I nfluence of environnental tenperature. Furthernore, by conbining the
transparent glass substrate 27, the heat sink 29 and the like, it is

possi ble to obtain a higher cooling effect. Incidentally27Mayt2085fi rst
enbodi ment descri bed above, the transparent glass substrate 27 is

I nt erposed between the dichroic prism23 and the liquid crystal panel '27
May 2005 16 16. However, the transpifent glass substrate 27 nmay be bonded
on the light incident side of the liquid crystal panel 16. A second
enmbodibetweemithe higuiid gquystak pgstlal 6 pmd] thet dichdeiei prsmcZditdithg low ehtent.

I nvention now will be described. In the liquid crystal projector device, as

shown Fipthelr! he ﬁeaf é'?ﬁluiéj it 'cont#dt Wahetife Hhns zﬁeﬁﬂ%lﬂ& Sulsstetite ezl y
bonded on three | i ncident planes of the dichroic prism 23, :

cryot dtiefokedt %ﬁogix‘?léﬂ%slﬁ% W el B ed e (R Hob I SRREREIY B s on

of the liquid crystal panels 14, 15 and 16, it is desired to use the sane
adhes traaspareshglasn subsirate 25 theastunetfsientiy seckipg dhasuskeddsai by the Bealpr ess

~reflection. at jointing interfaces. On the bottomface of the dichroic
prismpgi 38 Peltier cooling conponent 32 is disposed in a state of being
in contact with the bottomface thereof. The Peltier cooling component 32

consti tut eg, %dﬂﬂﬁfdlé%hé‘ ke sihik©958%h (bt (4% it ﬂfeq%t%lﬂqaw of e dichysiet i on.

In the structure scri bed above, the I'quid crystal panels 14 15 and 16

Ther ePash 2 adtrhed ind itk Bréancl uilho MR skl p” FOGEReCiNe <M1l
o angosls?bﬁ:rt% stx{c%ntfl];ehrerate graglsoferred from the liquid crystal panel 16 to the dichroic
prism 23 by the heat sink 29, thereby efficiently sucking the sucked heat by the heat
pipe 31.
As a result, the liquid crystal panel 16 is integrated with the dichroic prism 23
* having a large heat capacity and forcedly cooled statically. Thus, it is possible to
sufficiently reduce the operation temperature of the liquid crystal panel 16 without
dynamically cooling the liquid crystal panel with use of a fan as like the conventional
manner. In addition, the heat pipe 31 is used as a heat sink of the cooling means.
Thereforé, it is possible to stably obtain a sufficient cooling effect Without any
influence of environmental temperature. Furthermore, by combining the transparent
glass substrate 27, the heat sink 29 and the like, it is possible to obtain a higher
cooling effect.

Incidentally, in the first embodiment described above, the transparent glass

substrate 27 is interposed between the dichroic prism 23 and the liquid crystal panel




dirthroic prism23. In addition, the Peltier cooling conponent 32 is in
contact with the bottom face of the dichroic prism23. Therefore, the heat.
transferred to the dichroic prism23 as described above RéMsyck88 by the

- Peltier cooling conmponent 32. Accordingly, the structure constituted by
~integrating.the dichroic prism23 and '27 May 2005 17 the liquid crystal
panel s 14, 15 and 16 is forcedly cool@ed statically by the Peltier cooling
conmponent 32. Therefore, it is possible to sufficiently reduce the

oper atliGorHowevpg tiad tragspirehihElabd Sitbistra®d Y3 nidy BeBShded.bn tﬁesligﬂ inkficif ¢ hout
dynam cally cooling the liquid crystal panéls wth use of an as |like

the c ' . dition, the Peltier cooling conponent 32 is
SR iR RTa L pdl

used as the sin cooling means. Thus, it is possible to stably
obtain a sufficient coqling effect w thout any influence of environnental
t enper at ur g\ S"r%dg‘aﬂﬁaﬁm?l?ﬁ ‘Pf thed1quid erystal prijestop deyicetancondingde the t he
second enbodi nent described here, the Peltier cooling conponent 32 is used
as t htnvesdtonsiion . witbbedescribddn sinethe linfuid leey sfell priogectondbvies, sosarein 32,
the heat pipe 31 may be used as shown in the side view FIG 5A and the

bot t oFIGi ewtié BqudBcri<al P%ﬁél@!let-, 1BYagld 2% 8 diP&tpﬁEéﬁd@d B e?ﬁg\})mpe

bottom face of the dichrofc prism23 in a state of being contac th the
obt a1 HRAdER AR 6F g SRBLOIEHRisP 25 eaPepRpdy o Pl RS e P Foundi ng
the periphery of ,each ,of the liquid crystal panels 14, 15 and 16, the heat
gener %@i&'ea'ﬁe%f’ﬁ%mfeeéﬂw ¢rystal panels 145 1y and) 1§anedntegratedngithedch othies. sucked
by the heat pipe 31, thereby obtaining a high cooling effect. Athird
enbodFeradhesion b the Hquidl crygtal panplsol £dtoandieE;) it és desieedliogsd thetdage
adhesive as one in the first embodiment described above so as to suppress refiection
at jointing interfaces.
On the bottom face of the dichroic prism 23, a Peltier cooling component 32
is disposed in a state of being in contact with the bottom face thereof. The Peltier
-cooling component 32 constitutes a heat sink of the cooling means according to the
-invention.
In the structure described above, the liquid crystal panels 14, 15 and 16 are in
directly contact with, and further bonded to the dichroic prism 23. Therefore, the heat
generated at the respective liquid crystal panels 14, 15 and 16 are transferred to the
dichroic prism 23. In addition, the Peltier cooling component 32 is in contact with
the bottom face of the dichroic prism 23. Therefore, the heat transferred to the

dichroic prism 23 as described above is sucked by the Peltier cooling component 32.

Accordingly, the structure constituted by integrating the dichroic prism 23 and




i nVention now will be described. This liquid crystal projector device is
constructed, in the sane manner as one described in the second enbodi nent,
in that the respective liquid crystal panels 14, 15 and Ad6May@0ddrectly
- bonded on three light incident planes '27 May 2005 18 of the dichroic
"prism23 as.shown in FIG 6. Wth this structure, the liquid crystal
projector device is constructed in t¥at the dichroic prism 23 and the
“respective liquid crystal panels 14, 15 and 16 are integrated with each
ot her theThisuiRéicrystal pamdls g, donmohd6tisFBredily coelet statically taathes Pokidras a
- quadrangul ar shape froma plane view. Supporting nenbers 33 are raised at
f our u ¥ t i e IS
eeénﬁ%%oﬁ{pdn*eﬁt 39 ﬁ@gﬁgﬁ@,&t gs;‘g&ss lettﬁ%uffi?f@ﬂﬁ ﬁﬂugf@r@gﬁr,ﬁﬁgh

constituted by a long L- e outer plane

Cuppotubiy e did gy hEbasds s, TRdod:fo Rithautidsiametiy COobog "

- exanpl e, alum num_ having high heat conductivity. In the structure as

descr thseliquisb esystahpamels iwithcuser 0 fam s liksuthce donventional mehoner. dool i ng
conmponent 32 while four corners of the dichroic prism23 are engaged wth

t he sagqition, nhe Peldar codlthg Ybiponbis33tis wekdras, thetRaPalik 6f tsebbhsg _
conponent 32 cones into contact wth the bottomface of the dichroic prism

23. | | R, il | RATEY I 4 , Which
.y B TIOR IESs et i, Sl BRIl ARuBHEaA

manney_of bei&)&%fi.xed e@ﬁt en two of the supporting nenbers 33. Wth the
abov e B HIEE &V ?Y\%@WQ‘E‘EG' at the liquid crystal panels 14, 15

and 16 is transferred to the dichroic prism23. The transferred heat is
sucked by Inqdderpally; isx thedifquid grystabprojectos devigei ofcthbsiengnd eoibadimment he
Pel ti er cooling conponent
' described here, the Peltier cooling component 32 is used as the heat sink. However,
instead of the Peltier cooling component 32, the heat pipe 31 may be used as shown
'i‘n the side view FIG. 5A and the bottom view FIG. 5B, for example. By drawing the
heat pipe 31 on the bottom face of the dichroic prism 23 in a state of being contact
-with the relevant bottom face, the same effect as one described above can be obtained.
'_Further, by drawing the heat pipe 31 in the form of surrounding the periphery of each
of the liquid crystal panels 14, 15 and 16, the heat generated at the respective liquid
crystal pémels 14, 15 and 16 is sucked by the heat pipe 31, thereby obtaining a high
cooling effect. |
A third embodiment of the liquid crystal projector device according to the
invention now will be described. This liquid crystal projector device is constructed,

in the same manner as one described in the second embodiment, in that the respective

liquid crystal panels 14, 15 and 16 are directly bonded on three light incident planes




32" through the four supporting nenbers 33, the heat generated at the liquid
~crystal panels 14, 15 and 16, and the heat transferred to the dichroic
prism-23 are diffused "27 May 2005 19 into the air throug@hMadye200bns 34. As
a result, the structure constituted by integrating the dichroic prism 23
and the liquid crystal panels 14, 15 and 16 with each other is forcedly
cooled statically by the Peltier cod¥ing conponent 32 and the supporting
menbers 33 with fins 34. Therefore, even the liquid crystal panels are not
cool e@fihe diclgoioprismf 2 asshownent FkG. €.oWithtthinsttuotare)ehe 1 epgstal i on
tenperature of the liquid crystal panels 14, 15 and 16.can be reduced

suf fi pir6jRtiof devicd Rlonstriicidd i tﬁﬁﬂh@idi?ﬁ'lbic Eggﬁi;% %}?}@ Eh(fﬂ%élé&@ve RGRene nt

32 is used as the heat sink of the cooling erefor a surficient

cool i fec tai ned stabl vy, Wt hou i nfl uence of

envi rgﬁfé{ﬁltlgq&el§i??pis gf‘arﬁ,\d a@dﬁ%?%‘r‘@#&%ﬁ’hﬁﬁ%& ing effects provided by
t he supporti n%) menbers, 33 and the fins 34 are added, a higher cooling

ef fect can 1he Rsdtigr ¢ealing ¢empenent 33that senvigs as p heat siskbasd quadrangular

enbodi nent, there has been described the case in which the heat pipe 31 or

t he Pshapesfrompalplage vtswoSaippoditng snembets 33 arbeaibediat Sowkeathietf geol i ng
nmeans. However, in the structure according to the first enbodi nent shown

0 Fl F - . :
o spoduareRRi, R bf Aot e miRBeRe S i ot P by o PRL TR e
i nk w1 it I ible t I t t | n which both
the. Bt Diftheute? Pk dnBERY, EpTuafiy AE b b ReRpusEbing [edfidingne neat
sink. .Jn addition, a fan can be used_as an auxiliary cooling neans together
with fiectionoBeoth te suppartingmembers33 and fhisS4careanade of gimeiabimaterialf f ect

- can be obtained with
(for example, aluminum) having high heat conductivity.

In the structure as described above, the dichroic prism 23 is mounted on the

Peltier cooling component 32 while four corners of the dichroic prism 23 are engaged

with the supporting members 33. With this structure, the Peltier cooling component

32 comes into contact with the bottom face of the dichroic prism 23. In addition, the

respective liquid crystal panels 14, 15 and 16, which mounted on the dichroic prism

23 in a bonded state, arc disposed in a manner of being fixed between two of the
supporting members 33.

| With the above structure, the heat generated at the liquid crystal pancls 14, 15

_ and' 16 is transferred to the dichroic prism 23. The transferred heat is sucked by the

Peltier cooling component 32. While being sucked by the Peltier cooling component

32 through the four supporting members 33, the heat generated at the liquid crystal

panels 14, 15 and 16, and the heat transferred to the dichroic prism 23 are diffused




. sorcall ed breezing novenent, in which the fan is rotated at the suppressed
. Speed. '27 May 2005 20 Therefore, fan noise can be reduced to the |evel at
whi ch no probl em substantially occurs. Further, dust is PésdaydiGoéd from
whirling to the |l ess extent owwng to a decrease in the wind quantity.
Therefore, a harnful effect on quality of inmage to be caused by floating
dust can be suppressed. Further, variwus nodifications can be considered
for the structure of nounting the liquid crystal panels 14, 15 and 16 to

t he dhqbrtgj;qlipmngg%g’meﬁﬁg 3gxanple, as shown in FIG 7, a construction can
be considered in that a phase difference plate 35, a sapphire substrate 36

and a pol ary zi e 37.are inter ed.bet ween the..dj chroic i sm 23 and
the |iqui d‘bis%gff%é‘ﬂ’ Eli%%t?%ctﬂ? cquBtiifpaley “ﬁﬁﬁpﬁ%’s@c&} S Rrismyga and
integrated with each other_in a bonded state. In this case, it is

pr ef ethediguidicaystahpaneds pdn13 and dgsvith eaclzethends foreedlycooled statically bypl at e
35 are fornmed larger than the |iquid crystal panels so as to increase heat

conduthe Peltier ¢oolimglicoimponeas 3hand the supportifig Membessd BACHIGNfiagBhe
considered in that a phase difference plate 38, a polarizing plate 39 and

a_ sapphis o?é“?:%ﬁﬁhg é@g@egyﬁﬂ s &k R@égpjﬂt@%mﬁ] qg&BfQifﬁltl ;ﬁ&gﬁ{g thg and

the liquid crysta 15 and 16, a ese conponen
i nt eg i.th _each ther _in bonded state.. Furthernore, faor._.another
modi f %@L‘fﬁ%ﬁ"@&”&%&ﬁﬂ? Apgsatondemperfe ofibE i idcn St paneisddat S a8 1 ¢ hat
a phas& difference plate 41, a first sapﬁhire substrate 42, a polarizing
pl at el@Faanke 5e@wﬁwf£miy.e RBushar; an shiembediment, the &eltiet woelinghe
dichroic prism 23 and the liquid crystal panels 14, 15 and 16, and these
conporempenemlr 32 inbsl & the hat binkechthet dailing'meahenTherefbad, @. sufficient
- Alternatively, as shown in FIG 10,
(_:ooling effect can be obtained stably without any influence of environmental
" temperature. Furthermore, since cooling effects provided by the supporting members
33 and the fins 34 are added, a higher cooling effect can be obtained.
Incidentally, in the first, second and third embodiment, there has been
described the case in which the heat pipe 31 or the Peltier cooling component 32 is
used as the heat sink of the cooling means. However, in the structure according to the
- first embodiment shown in FIG. 2 and FIG. 3, for example, the Peltier cooling
component 32 is disposed in the state of being in contact with the bottom face of the
~ heat sink 29. Then, it is also possible to employ the structure in which both the heat
~ pipe 31 and the Peltier cooling component 32 are used as the heat sink.
In addition, a fan can be used as an auxiliary cooling means togéther with the

above described components. In this case, a high cooling effect can be obtained with

so-called breezing movement, in which the fan is rotated at the suppressed speed. -




'27 May 2005 21 a construction can be also considered in that a first
sapphire substrate 45, a phase difference plate 46, a polarizing plate 47
and a second sapphire substrate 48 are interposed betweeB?7May 206hr oi
prism23 and the liquid crystal panels 14, 15 and 16, and these conponents
are integrated with each other in a bonded state. In the exanples of the
integrated construction shown in FIG,,9 and FIG 10, degrees of freedom
for designing are increased, furthernore, it beconmes easy to produce a

bonde UEL] QRkceal | 14 onept s.are bgnded separately,
and g?glgi}?ﬁirgbp |{r?(glsgrcg{lﬁfeédﬂlel&flygegmtéqggq?@aﬁﬁ@‘&&%?ﬁl@%?‘&ﬁw@ﬁess to
say, in _either, of .constructio exan'ﬁl es, the heat pipe and the Peltier
cool | r?&CBb‘hf r, dust 1s yestgingesamewhiiing to thelespexiensawingta adedraass) |
effective pixel periphery and an upper face of the prism In such a

const Anthe vind quantity. dBwrefdreda hbrméyl effect opefuality bf imatetebassudeddbyphase
difference plate can be heating sources. Therefore, by “interposing’these

opt i cfloatingndidit caH b duppessseat ween the dichroic prismand the |iquid
crystal panels so as to integrate the relevant prismw th the rel evant

liquid cr , bing ability is.jncreased and thus reliability
of qt he co?lrpijé#glr?tr ’%ﬁ"ﬁgpéggéécfn%ﬁﬁlctaﬁé’rﬂ?éogﬁ‘éiﬁﬁ?‘i rdﬁg%rpct-pggo Houtmgsss or
the like..is,| nteré)losed bet ween optical conponent substrates such as the
pol ar tBS Hgujd srystalopanels 3i4f ﬂérmsﬁﬁpathé,dlé wic psismag3t oFaniekgmipbatas

conductivity. In addition, a conmponent whose glass surface is coated with

a tr askpanantlCofidaconstendtiomedn BOcOnsiderdddin thxeaphade didfsrawcasiag dpat
‘conductivity is used, so that heat conductivity can be expected to

; gg ' Egisﬁgpbtﬁgé t@ﬁtgdtfaztg beacagllkiclrz%fggla?ﬂ‘ziﬁéﬁldté 841ate it¥HReAHMVEEH Bl 8RAEGRE

prism 23 and the liquid- crystal panels 14, 15 and 16, and these components are

- Integrated with each other in a bonded state. In this case, it is preferable that the

sapphire substrate 36 and the phase difference plate 35 are formed larger than the

liquid crystal panels so as to increasq heat conductivity. In addition, as shown in FIG.

8, a construction can be considered in that a phase difference plate 38, a polarizing

- plate 39 and a sapphire substrate 40 are interposed between the dichroic prism 23 and

the liquid crystal panels 14, 15 and 16, and these components are integrated with each
other in a bonded state.

Furthermore, for another modification, as shown in FIG. 9, a construction can

be considered in that a phase difference plate 41, a first sapphire substrate 42, a

polarizing plate 43 and a second sapphire substrate 44 are interposed between the

~ dichroic prism 23 and the liquid crystal panels 14, 15 and 16, and these components

are integrated with each other in a bonded state. Alternatively, as shown in FIG. 10,




22 invention now w ||l be described with reference to drawings. This liquid
crystal projector device is also constructed, in the sane nanner as one
described in the first to third enbodinents, in that the 2&bpeebdye |iquid
crystal panels 14, 15 and 16 are nounted on three light incident planes of
the dichroic prism 23 in a bonded state as shown in FIG 11. Wth this
-structure, the dichroic prism23 anzi the respective liquid crystal panels
14, 15 and 16 are integrated with each other. Hereinafter, a specific

CO”Stﬁ%hbﬁﬂcﬁBanaﬁ%é ﬂﬁ;ot&‘tﬁls'ldié}'éthinGthMﬁhﬁirsp lﬁreléubstﬁa% af;"ida a"s@ the
di chroic prism2 11 be described with the uid crystal pan shown

cryst SHERES %T%tgsﬁe @ PR A Al o %ﬁﬁﬂ{i %éﬁpﬁﬁhiﬁkﬁﬁﬁﬁngﬁﬁ e

substrate 27 are interposed.. The transparent glass substrate 27 to be used
in t hintespesed betwesnstheedichigic prisad3 and she bguis erysial panels 44, kaandd i gh

heat conductivity, for exanple, sapphire glass, Vycol, ZerodurR, Ten-packs

gl assamd thdse donpondiis arkeittagtayed wtith saclesthenbi e tondedstatet eri al s having no
doubl e refraction for the material of the transparent glass. substrate 27.

On the Iigpf¢ H@&ﬂﬁﬁfes?ﬂﬁe%getggﬁegm Zgﬁuﬁﬁﬁﬁkﬁb@%@? G5 afé%FIG p,the

side opposite tot r ol ate i $posed.
The dyst - freiﬁ) pé}fds made of ass @\ f h@ untctjlon to re ent dust
exi st {r&f°Eh ?‘”g‘fﬂm H SRSt bears'S af it %‘%‘H"m‘ HPIBED B 181 | ens
25 .s0 as to defocus. The pol arizing_ plate 26, the transparent gl ass
subst pradace 2 bendedeonsirictione dn agidaion, 1he &pmpmmni%@red}omei sgparidelys | i ght
i ncidence in the dichroic prism 23, together '27 May 2005 23

and glass, sapphire or the like may be finally bonded thereto. Needless to say, in

cither of construction examples, the heat pipe and the Peltier cooling component are
to be mounted on a lower portion (bottom face), effective pixel periphery and an
upper face of the prism. In such a construction example described above, the
polarizing plate and the phase difference plate can be heating sourceé. Therefore, by
interposing these optical element substrates between the dichroic pﬂsm and the liquid
crystal panels so as to integrate the relevant prism with the relevant liquid crystal
panels, cooling ability is increased and thus reliability of the component is increased.
Further, sapphire glass, Ten-packs glass or the like is interposed between
optical component substrates such as the polarizing plate, phase difference plate, etc.
so as to unify heat conductivity. In addition, a component whose glass surface is
coated with a transparent conductive film (ITO film, for example) having good heat
conductivity is used, so that heat conductivity can be expected to increase.

A fourth embodiment of the liquid crystal projector device according to the




-wi*th the liquid crystal panel 16 in a manner that their planes are in
contact with each other. That is, one plane of the polarizing plate 26 is
in contact with the light incidence plane of the dichroi'27 lay26023. The

ot her plane of the polarizing plate 26 is in contact with one plane of the
transparent glass substrate 27. One plane of the Iliquid crystal panel 16
IS in contact with the other plane of2 the transparent glass substrate 27,
and the other plane of the liquid crystal panel 16 is in contact with one

pl anejipfention stustwill be ded@ited2®ithl ref@edié k@ drawingsdi chroic prism 23, the
pol ari zi ng pI ate 26, the transparent gI ass substrate 27, the liquid

crystal paggle ﬁ@g@}&y&%ﬁg@(ﬁé&wft Ir_:l%@u%lh éﬁgor?srtﬁlcl? qﬁ‘i’hé Qarﬁégﬁal}lfﬁr%r W th

use of a transp es|ive desir 0 use resin

whi ch has, substantially the, s ractive X ter of, the

di chrene dss%lwf i the Fstde ahgﬁecmﬁ@éﬁmprgﬁ, " thaﬁw Ef‘ép?cc%"fgﬁqﬁi‘i ?%F% et
hardeni ng resin. The reason for that is to suppress light reflection

(i nt epinals 1del 5 aati ldgreanountnd aat thret kglitineklent plares of therdinhenicspristor resin
to be used as the adhesive, acrylic resin, urethane resin, epoxy resin,

silicomih %dhdéﬁ sthe dslslraewfﬁmqm@ OL’PdWﬁl@ "thl@’éﬁ*i‘iléhﬁe e dibRfoic privhl pgon gel ,
oil or the like can be also enployed. In the structure descrlbed above,

the t t
nter %Iif!@ﬁ%%ﬁ&&@k@f RSN ai&%nélﬁ ﬁ%‘ié%gﬂdﬁ%@?ae ) e anFl Mefer 16,
Ther ef or e, possi bl et o suppress er I stance be the liquid
crystal. paH@Felllé tghdt SRRCIHE SARSHTRCHRN 9@@@1& ting ﬁ?& qmﬁesw Pa# tﬂ’e it
s possible that the heat generated at the liquid crystal panel 16 is
sucketts apd tlifetot therdiphwoén prigine®3 will be\dascribed with thuliguichcrysgil panabil6hi s
sucked heat is diffused efficiently fromthe transparent gl ass
shown in FIG. 12 used as an example.
Between the dichroic prism 23 and the liquid crystal panel 16, the polarizing
- plate 26 and the transparent glass substrate 27 are interposed. The transparent glass
substrate 27 to be used in the embodiment is desirably made of substrate materials
having high heat conductivity, for example, sapphire glass, Vycol, ZerodurR,
Ten-packs glass or the like. Incidentally, it is desirable to use materials having no
double refraction for the material of the transparent glass substrate 27.
On the light incident side of the liquid crystal panel 16, i.c., on the side
~ opposite to the dichroic prism 23, a dust-free plate 28 is disposed. The dust-free plate
._28 is made of glass and has a function to prevent dust existing on a light path from
‘meeting focal length of the projection lens 25 so as to defocus.

The polarizing plate 26, the transparent gléss substrate 27 and the dust-free

~ plate 28 are mounted on the plane of light incidence in the dichroic prism 23, together




substrate 27 and the dichroic prism23. In this regard, the other liquid
crystal panels 14 and 15 also have the sane function. As a result, the
liquid crystal panels 14, 15 and 16 are cool ed efficient|%7 Wayl200% he
dichroic prism 23 having a | arge heat capacity used as a cooling bath.
Thus, it is possible to sufficiently reduce the operation tenperature of
the liquid crystal panels 14, 15 amgp 16 without cooling the liquid crystal
- panels with use of a fan as |like the conventional manner. Further, in

regar imQhE*nSﬂﬁa CHEdAT [Sariel 19 ThGmanARBr dfat ther bladiek dre fif o@iitatt withedagh14, 15

and 16 1s nounted to the dichroic prism23 with the transparent gl ass

bstrat | nt th .1t ' : |
i GBEEy | TR (00 P ERIC BObi7iae el PO SobBcERipPRhL afk? 2
f d | bstrate havi I di t d thepn th
Cubstmgideice mane af SRpAtehrpicaaVEr . nERS Dils DIEEPELYF RO EBRER)

obtaining the plurality of the liquid crystal panels divided into pieces.

A fi fisHnamieaitneith ofe pleacldfohiedranspatait glasy subistratal2Vi Eneaplwedifitheto t he
i nvention now will be described with reference to FIG 13 and FIG 14. In

this hio CrysBVEhR 19 R RFLORAE WHE the ABECHIne GO huftpARnOplaBUNt | Ng

the l'iquid cryst pl)ane 16 to the dichroic prism23 will be

descri he i the liguid crystal panel 4 e sane
rannciutaaf g o tecottipbnor g TR criSalRReIES fla SRR yidiohB? 22
26, the transparent glass substrate 27, the liquid crystal panel 16 and

t he dplenefofdhbe guat-fregplatee2honded to each other with use ' 27 May 2005 25
of an adhesive. The liquid crystal panel 16 is nounted to the dichroic

pri sm 23 i I additdehatieatitieroiapriem 23, the polariming phatel 26 gthedtansparent glass

substrate 27, the liquid crystal panel 16 and the dust-free plate 28 are bonded to each
other with use of a transparent adhesive. For the adhesive, it is desired to use resin
which has substantially the same refractive index as the material of the dichroic prism
23, for example, resin of n = 1.4 to 1.6 or ultraviolet hardening resin. The reason for
that is to suppress light reflection (interface reflection) at contact interfaces between
components. For resin to be used as the adhesive, acrylic resin, urethane resin, epoxy
resin, silicon resin or the like is employed, for example. Further, a silicon gel, oil or
the like can be also employed.

In the structure described above, the transparent glass substrate 27 having high
heat conductivity is interposed between the dichroic prism 23 and the liquid crystal
panel 16. Therefore, it is possible to suppress thermal resistance between the liquid
crystal panel 16 and the dichroic prism 23 to the iow extent. Further, it is possible

that the heat generated at the liquid crystal panel 16 is sucked by the transparent glass




Mot e specifically, supporting nmenbers 130 are raised at four corners of a
base plate 129 whose pl ane shape being rectangul ar. The base plate 129 can
be formed in an integrated manner with a chassis portion2dMayt2805i qui d
crystal projector device. Each supporting nenber 130 is a | ong L-shaped

pl ate, and desirably made of netal materials having high heat
conductivity, for exanple, alum num 2¢ron steel, or the |Ilike. Screw hol es
Hl to H8, eight holes in total, are provided in tw supporting nenbers 130

cor r espbstlate® 7, anidhisrouckddBe sds idiffase @ bfidiently Trhs e aP@rﬂ?laésﬁ
anong the four supporting nenbers 130. Two screw holes HO ar?d H10" are

i | . . | es., hol H1
o 1 T8 2 P ARTIChAE phsth 230 HA s o3 B ORef ol Bt AER: <
prlsma%:_% ]afoin ct bondi n On the other hand, the screw holes H5 to H8,
n I‘Tf'gi 8'5¢:

HO a &ihe samq NG9 he rounting position of the Iiquid
~crystal panel 16 in a |ateral direction, i.e., in an arrow X direction in
FIG 14, i dsea wsull, the liiideetyistal panels. 14,i15 amnd 26 aopvc¥olbidrefgiciemly withl G 14,
and in arotation direction, i.e., inan arrow O direction in FIG 14. In

the ctirediohesi friitn DB %ving BBt hawteabadify h&m&s&i@gé}%ﬁn@ PhESTRlC Prism

23 with use of 'the base plate 9 an he “f our support . 0
const PHSHBE 1A h IR ch i btk S BORLE PP Bt S shfSabel 2.
T BALR S BT Mo Colhapne videwsg ot abasiophrs 59
t hrough an adhesive. Accordingly, the dichroic prism23 is disposed wthin
t he sgriventionadowduerbFurtherf mreganpfotitd stgorergiarwhiciOeach of the liquid
crystal panels 14, 15 and 16 is mounted to the dichroic prism 23 with the transparent
glass substrate 27 interposed therebetween, it is possible to be applied to a
manufacturing method in which, a plurality of lquid crystal panels are formed on a
glass substrate having large diameter, and then the glass substrate is cut along a
predetermined line, thereby simultaneously obtaining the plurality of the liquid crystal
panels divided into pieces.
A fifth embodiment of the liquid crystal projector device accdrding to the
invention now will be described with reference to FIG. 13 and FIG. 14. In this liquid
- crystal projector device, a specific construction of mounting the liquid crystal panels
14, 15 and 16 to the dichroic prism 23 will be described with the liquid crystal panel
16 used as an example in the same manner as the above embodiment.

In FIGS. 13 and 14, the polarizing plate 26, the transparent glass substrate 27,

the liquid crystal panel 16 and the dust-free plate 28 are bonded to each other with use




Next, an integrated parts which is constructed by bonding the polarizing
plate 26, the transparent glass substrate 27, the liquid crystal panel 16
and dust-free plate 28 to each other is disposed close ta7Mag 200§ht

i nci dent plane of the dichroic prism23. |In this case, the integrated
parts described above is assenbled fromabove with the transparent gl ass
substrate 27 inserted between the twg. supporting nenbers 30 which have the
- eight screw holes H to H8. Accordingly, the four screw holes H to H4 are

di spo [ at . ' b, ot her  w, t redet.er mi ned.,apeni ngs
i or podD USRS PheligRRECSSTE rRef T s Biiiodld InRERRUEPRAR S30RE 110
-ot her }han effectjve pixel region outside the liquid crystal panel 16.
The f ﬁK@@EE&Fﬁ@pggﬁyﬁiﬂnnﬂgiungﬁnﬂmyﬁbgéd in a state of opposing to each
ot her through predeterm ned openings on the sides of the transparent gl ass

subst r at e MorcHpecifieal 55 seppoainesmefhbensi1 30 dreradsedtitfpasesimiers 6f sbajee of
opposi ng to each other on the I ower end face of the transparent gl ass

p - e - H t
St e 12, wberagESEAS: Sk e SRR, THCUEE AR e 1

H10, “respective nount i

cryst . |, 16 _is adj.usted by rotatin he.screws Si to. S10 .

coor ofpi BTyt imahler BT A ShasMia bR MubediGHaAT SRl priesiad dovire- ng
menbers éSO i n.advance in the step prior to fixing the dichroic prism 23,
or 'nhtﬂﬁ sgppprtgls member Ihist loggilrshaped glate candhdesimbily anadss ofymetad ' 27
May. 2005 27 liquid crystal panel 16. The positioning adjustnment of the

| i qui thatesisksdiavimg dligh Gieascomdiaiving fohekemple! dbimiguid) drodmeeel, ast gl | y
shown on a screen. In regard to the procedure for the adjustnent, firstly,
the sgkews Si to S4 to be screwed into the four screw holes H to

Screw holes H1 to HS, eight holes in total, are provided in two supporting
inembers 130 corresponding to the mounting position of the liquid crystal panel 16
among the four supporting members 130. Two screw holes H9 and H10 are provided
in the base plate 129. Among the screw holes, the screw holes H1 to H4 are used for
fixing the liquid crystal panel 16 to the dichroic prism 23 by contact bonding. On the
other hand, the screw holes H5 to H8, HY and H10 are used for adjusting the

| mounting position of the liquid crystal panel 16 in a lateral direction, i.e., in an arrow
X direction in FIG. 14, in a vertical direction, i.c., in an arrow Y direction in FIG. 14, -
and in a rotation direction, i.e., in an arrow 0 direction in FIG. 14.

In the case where the liquid crystal panel 16 is mounted to the dichroic prism
23 with use of the base plate 129 and the four supporting members 130 constructed
as the above, firstly, the dichroic prism 23 is locatéd ata predetefmined position on

the base plate 129 and then fixed. Fixing the dichroic prism 23 is performed by




H4-are brought into contact with the front of the transparent gl ass
substrate 27, and the transparent gl ass substrate 27 is pressed lightly
toward the dichroic prism23 side by pressing pressure ge¥Blayl2p0bhe screws
Si to.S4. Accordingly, the polarizing plate 26 is pressed |lightly against
the light incidence plane of the dichroic prism23. In this state, when
the screws S5 to S8, S9 and S10 are tated, the position of the
transparent glass substrate 27 is changed in accordance with the rotation

direct] re f tatiens of t.he spective screws, .and the
pos: ¢ bsdanye PEboRnr BReTROR aple Rt iR pliFG 2 ERARBE oiibe? ToRiR R or
integrating Wt iihe change,  Therefore, the nmounting position of the

|i qui Page ygﬂttaﬁgat eughsan adhesive+ Reccardingly,che dichraioprism bis dispaseded
(fine adjustnment) in various directions. In other words, the nounting

posi t iwdthiafthe kpate quirdundyd balthe doet suportnghremddids3@d in the lateral
direction, i.e., in the arrow X direction in FIG 14 by rotating the

20 Spnr oNGxtE AREEARE BAAL ehitR o6 RAed BY bRty B JIEiARE R A"

S10 appropriate unting posit nel 16

can bg, agdjusted in . the vertical,directio I, e., i he row Y direction
oy 25, e hiharknt 23S YR HirchianRloe il vinelss aag st e plate
appropriately, the nounting position of the liquid crystal panel 16 can be
adj us28doieach ptherds disposed clasetto she lightincidenttpheneef the dickioieprisor23.27 My
2005 28 in FIG 14, that is, the inclination adjustnent can be perforned.

| nci demtlakicase,i thetineegraedtparg dosribeduabaivetiBasbéfiblcd fousaBdvOAIR the6 can
be. adjusted in the lateral direction, vertical direction and rotation

e S Uo7 eVt e ) P i athinpy! L 1

the phane th%fcilghgshctre\ivqfc;lgse ﬁ(‘letocﬁ&t %cg{(ﬁlqrgﬁ},%he four screw holes H1 to H4 are

disposed in a state of opposing to cach other with predetermined openings interposed

on the front of the transparent glass substrate 27, which is other than an effective pixel

region outside the liquid crystal panel 16. The four screw holes H5 to HS are

disposed in a state of opposing to each other through predetefmined openings on the

sides of the transparent glass substrate 27. The two screw holes H9 and H.10 are

| disposed in a state of opposing to each other on the lower end face of the transparent
glass substrate 27.

Then, screws S1 to S10 are screwed into the screw holes H1 to H10,

‘respectively. At the same time, the mounting position of the liquid crystal panel 16

is adjusted by rotating the screws S1 to S10 appropriately. The screws S1 to S10 may

be screwed into the supporting members 130 in édvance in the step prior to fixing the

dichroic prism 23, or in the step prior to inserting the integrated parts including the




prism 23 through the polarizing plate 26 and the transparent gl ass
substrate 27, it is possible to highly accurately determ ne the position
of the panel in the light axis direction in the arrow Z 2 KMeg0@h in FIG
14 against the dichroic prism23. Thus, it becomes unnecessary to adjust
the panel position in the light axis direction. In addition, it also
. becomes unnecessary to adjust the paﬁgllelisnlof t he panel against the

pl ane of |ight incidence of the dichfbic prism23. As described above,

- after | MSEI t he nting position of the liquid crystal panel 16, the

: quui’&%@ﬂ%ﬁq%ﬂ%g is fixed to the dichroic prism23 together with the
transparent gl ass substrate 27 by tightening up the screw S1 to S4. In this
case, the Theapeyitioaing adjustmenthet thetlagudd arpstabpaiélXieishyerféensd wdile S1 to
S4 with use of packing. In addition, the part, at which the screws S 1 to

S4 ar evatchingetiednthgll actdallp shbhva S ARSI 2l %o b gf@&dﬁ?e g g and

reinforced with use of fixing means such as afm I nstantaneous adhesive
pancl AdfustiiEntfitStly helEei s Bl 38 82 1oBe B AF R B oty Serre Hatke R
case usi.ng the, packing to, ih crew n art, the part is reinforced and
fi xedlq{‘% WQ}%PREt fiHe %%tﬁﬁ%tfl ége t@@(ﬁge I[tjlztjasyb@rfnittaggnss ubistaste 2y, antle
liquid crystal projector device according to the fifth enbodinment of the

i nventhegimanspaseniglasscsubstrate 2R preksed lightiy towyst the diclelic psmi 23 sideunt ed
I n.a detachable manner to the dichroic prism 23 by the contact bondi ng

met hoﬁy?;mmgpf@mﬁm %Tik}@ﬁ ®yQANe screoi 8F mmmg]mg%agggggg% gepefriiiﬂg giétée can

be easily «carried out. AcCordingly, even w _ eni ence occurs to
ﬁ 2; I' g%g i teg%%’(f{igfétw rﬁgﬁ‘@}sggfeggglﬁéﬁgﬂaﬁw plankBfRRE aiclfllrgictporis% 33 fh ks
state, when the screws S5 to S8, S9 and S10 are rotated, the position of the
| transparent glass substrate 27 is changed in accordance with the rotation directions
| and the degrees of rotations of the respective screws, and the position of the liquid
crystal panel 16 is also changed in a manner of integrating with the change.
Therefore, the mounting position of the liquid crystal panel 16 against the dichroic

- prism 23 can be adjusted (fine adjustment) in varidus directions.

In other words, the mounting position of the liquid crystal panel 16 can be
adjusted in the lateral direction, i.e., in the arrow X direction in FIG. 14 by rotating
the screws S 5 to S8 appropriately. In addition, by rotating the screws S9 and S10
‘appropriately, the mounting position of the liquid crystal panel 16 éan be adjusted in
the vertical direction, i.e., in the arrow Y direétion in FIG. 14. Further, by rotating

the screws S5 to S8, S9 and S10 appropriately, the mounting position of the liquid

crystal panel 16 can be adjusted in the rotation direction, i.e., in the arrow © direction




restoring of the liquid crystal panels easily. In addition, the integrated
parts constituted by the polarizing plate 26, the transparent. gl ass
substrate 27, the liquid  crystal panel 16 and the dust-f22Bapl280® 28 is
~not directly bonded to the dichroic prism 23 through an adhesi ve.
Therefore, it becones easy to handle the conponent in a assenble process.
What's nore, it becones easy to nainigai n cl ean environnment, thereby
effectively restraining refuse and dust from generating. Further, the

LT qui gh FIGSTA! that B, 8 H{clﬂl%‘{ibﬁ%cfriﬁﬁﬂié fc'r‘a]gaqeiolgﬁfé'lﬁgd.adj ust ment function

for adjusting the hounting positron o crystal panels.

Therefore,, a,mutual .pgsition between the.threge |jquid.crystal pangls 14,
15 and 16 B gty 8 nclihemeotniionnsr e fifyd Eistirang 16 P Becones
possible to harnonize pixels of red (R, green (G and blue (B) accurately
on a adjusted intthe lasbraliddractiog, wetticab dincatign andrrotateon diregtion the nhobesf
fixing the liquid crystal panels 14, 15 and 16 to the dichroic prism23 is

~ not | pfkéredhstand beredf hoRikemay diesetrmbitestint hoadation) ¢nthe Hquidserygtd] he
screws. For exanple, it is possible to enploy the foll ow ng bonding '27 My

2005 { : ' ' 4 Ls ; spar ent
gl assp su 1?{% rlgﬁgougﬂgailgwp‘?d el{s&sbéigg? {l%gg}ﬂl}rﬁ\%ﬂ ?tr?lf?] %‘%‘6‘?‘9?‘}@%’5‘%@? Iéfog on the
plane of ljght i'ncidence of the dichrpi.c prism 23 through a adhesi,ve

Py orbbp L thrgugh e Rofurizing alits 26 A Bhnsphionn s SHORANE T, Reb: ¢ hen,
inthis state, the position of the panels is adjusted in the

abov epassthleitbdiighisn neeyrattly eleteimine theepositionsofathe panaddnbthedigidtl atie! y

har deni ng (pernmanent hardeni ng) the adhesive |layer. In the aforenentioned
embodiip@sticn Breeraieg Z dircbfion iy G 04, agtastRhe didtavge prism 23. Thus, it

becomes unnecessary to adjust the panel position in the light axis direction. In
addition, it also becomes unnecessary to adjust the parallelism of the panel against the
plane of light incidence of the dichroic prism 23.
As described above, after adjusting the mounting position of the liquid crystal
panel 16, the liquid crystal panel 16 is fixed to the dichroic prism 23 together with the
“transparent glass substrate 27 by tightening up the screw S1 to S4. In this case, the
transparent glass substrate 27 may be fixed by the screws S1 to S4 with use of
packing. -In addition, the part, at which the screws S1 to S4 are screwed and fixed to
the supporting members 30, can be fixed and reinforced with use of fixing means
such as an instantaneous adhesive agent or the like, 5o as to prevent misplacement of
the liquid crystal panel 16, which is caused by looseness of the screws or the like. In
a case of using the packing to the screwing part, -thc part is reinforced and fixed

including the packing.




been described with the invention applied to the liquid crystal projector
device. However, the invention can be applied not only to the liquid
+crystal projector device but also to the entire |iquid c2yMagl20d6spl ay
device enploying a structure in which a liquid crystal panel is disposed
in a manner of opposing to a plane of light incidence of a prism In this
case, advantages simlar to ones in e case where the invention is
applied to the aforenmentioned |iquid crystal projector device can be

obt ai ned. | | i ]} described above, cor di 1a the
i nvent i on, ‘ﬁgkﬁ%‘uﬁqﬂ @B&ét@?ﬂﬁh@é}@?l TOJJAT davicH %ﬁoﬁﬂgﬁ‘é&g&&f r on
t he p%gﬂﬁgff Iigﬂ; i nci dence of the prismand integrated with each other
Then, Iment g Mg dinyenption s canstrugtest i yhatodlecliquidaciystdll panebyl & ol i ng
means. Accordingly, the liquid crystal panels can be cooled efficiently
wi t homountyd tincudetachableenhanyef & tho dichroic ?ri@ﬁi 98 18f twéémabnbaﬁﬂirf%on,
according to the invention, the liquid crystal panel’'s are nounted '27 May

2005 ' h 1G] ' .
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di d w h h A .dingly, the liquid t al I

b cobt BTt AP RTY: Ristiov g SR8 s T ieRsscpasyts ffhi el Gmysaalr o s

of dust. By applying the invention to the liquid crystal projector device
usi ngPRRIS IR Grampe.yi iis popsihls to deal witd rcplagement yafithe troudiled parteas, | t
beconmes possible for the device to project fine inmges on a screen under
very rpsteingisef dnv iliqrideattystdl npadds teasily. a InC addition, QBEeﬁlftegxﬁ_téd‘%ahﬂsqu' d
crystal panels is increased by the integrated construction~“wth the prism
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crystal panel 16 and the dust-free plate 28 is not directly bonded to the dichroic prism

23. through an adhesive. Therefore, it becomes easy to handle the component in a
assemble process. What's more, it becomes easy to maintain clean cnvironmeht,
thereby effectively restraining refuse and dust from generating.

Further, the liquid crystal projector device comprises a position adjustment
function for adjusting the mounting position of the liquid crystal panels. Therefore,
a mutual position between the three liquid crystal panels 14, 15 and 16 can be
adjusted accurately and easily. Accordingly, it becomes possible to harmonize pixels
of red (R), green (G) and blue (B) accurately on a screen, thereby forming a fine
image.

Incidentally, a method of fixing the liquid crystal panels 14, 15 and 16 to the
dichroic prism 23 is not limited to the aforementidned method of contact bonding

using the screws. For example, it is possible to employ the following bonding




‘be«reduced remarkably. Furthernore, in regard to mniaturization of the
device, mniaturization the liquid crystal panels acconpanied by the

+ mni.aturization of the device and inprovenment in |um nan2eMafy 2068ges, it
I's possible to suppress the operation tenperature of the liquid crystal
“panels to the low extent and retain high reliability. 32 '27 May 2005
CLAIMS 1. Aliquid crystal display deyice, nounting a liquid crystal panel
on a light incident plane of a prismin an adhered state so as to

i ntegr wth ris ri sing cooling nmeans forcedly
" cool | ﬁ'gétﬁﬂg W%E?E‘ihé’@ @F’ r(@nglrgpf%gf that; égﬁ trnspayen elasaubsntec ool i ng
corrponent or-a heat pipe, or both as a heat sink of the cooling nmeans into
cont adf/ isipresseddogethes with the polatinengoplater262n theelawy of Hght iwidéme ¢fo cl ai m
1, interposing an optical conponent substrate between t%e prismand the

|1 qui the dictiraic prowl23 Arduihtacaiisividlay e WIS H aRidisfattdudd 4AIg gl evant

liquid crystal ‘panel. 3. e device ac ding to c alm I nterposing a
trans I:Lsm the IJiquid, crys
panel MARAIL 1?%?5@#%3% lgti‘@i??ﬁﬁ@ eGP et ddi b By o
panel 4 The dﬁ ce accor to clal ml bonding the prismto the Iiquid
cryst aPOherdescr ?A mroﬁ nthg panels arqixededy cempletelyihagdeningl ai m 4,
wherein the adhesive is transparent and made of resin having the
subst @rarmdnont dardeningy tetddiesivedayens one of a material of the prism 6.
A liquid crystal projector device, mounting a liquid crystal light valve on
a light.  Inthe aforementioned embodiments according to the invention, examples have
- been described with the invention applied to the liquid crystal projector device.
However, the invention can be applied not only to the liquid crystal projector device
~ but also to the entire liquid crystal display device employing a stricture in which a
liquid crystal panel is disposed in a manner of opposing to a plane of light incidence

of a prism. In this case, advantages similar to ones in the case where the invention is

- applied to the aforementioned liquid crystal projector device can be obtained.

- Industrial Applicability
As described aﬁove, according to the invention, the liquid crystal panels are
- mounted in an adhered manner on the plane of light incidence of the prism and
integrated with each other. Then, this integrated structure is forcibly cobled statically
by cooling means. Accbrdingiy, the liquid crystal-panels can be cooled efficiently
without any trouble caused by fan noise or a raise of dust.

In addition, according to the invention, the liquid crystal panels are mounted




.

‘imcident plane of a prismin a bonded state so as to integrate the valve

W th the prism conprising cooling nmeans for forcedly cooling the
integrated structure statically; and 33 '27 May 2005 br2higleng0@s Pel tier
cool i ng conponent or a heat pipe, or both as a heat sink of the cooling
means into contact wwth the bottomface of the prism 7. The device
according to claim®6, interposing ampptical conponent substrate between
the prismand the liquid crystal light valve, and integrating the rel evant

pri Sman%é plalrféeof,lr l%k@jiﬁ?l{rq[eé;rc% Bﬁ?ﬁjhbcfﬂaﬁl{naﬂhré)ﬁ {hevﬁ%ﬁ‘{éjaarént %{b‘%tﬁ VhiH

n
acco 0 cla 0oSI ng ranspar ent SS substrate begween

I'ng

~the prism,and the |iquid, cryst | i.ght val ve,. and integrating the relevant
or i smhigh theat 1RoNAEFGVHR¢in iaaufi@fiwsmnnpr d Jifeganted " Caeh i wber

according to claim6, bonding the prismto the liquid crystal light valve
by neAwsondingly,dhé dguikorystal {Tneldean be caobt efifivgentdy svithont@nyvineutden t he

~adhesive is transparent and made of resin having the substantially sane

r ef r agiidtd By EExneRe 90Q @iscfof@higri al of the prism 11. A nmethod of
cooling a pdanel, mounting a liquid crystal panel on a light incident plane

and 1 or colbyuRLBRRIRE e iedG AE ubRid AR PLACHRR BERE pfhd etk ™
Cool | R SHGRCTH08 TR NTRI Cis(ah bk sl ge1 s Be¢aiges pOSTIRLS PIBRACYISS @, 1| qui ¢
crystal display device, mounting a liquid crystal panel using supporting
rrF gﬁ:ng?jbg finbanngds shad scred umder datyaghiablee manirennwenta Ini additioncadent
’ cooling effect to the liquid crystal panels is increased by the integrated construction
with the prism. Therefore, the operation temperature of the liquid crystal panels can
be reduced remarkably. Furthermore, in regard to miniaturization of the device,
miniaturization the liquid crystal panels accompanied by the miniaturization of the
device and improvement in luminance of images, it is possible to sﬁpprcss the

operation temperature of the liquid crystal panels to the low extent and retain high

reliability.




prismthrough a transparent substrate having high heat conductivity. 34 '27
May 2005 13. The device according to claim12, bonding at |east one
interface between the prism the traggparent substrate &vdMan2ods quid
crystal panel by neans of an adhesive. 14. The device according to claim
12, conprising a position adjustnent function of adjusting a nounting
position of the liquid crystal panel. 15. The device according to claim 12,
wherein the transparent substrate is an optical conponent substrate or a
gl ass substrate. 16. The device acqrdiM@ to claim 13, wherein the adhesive
is transparent and made of resin having the substantially sanme refractive

i ndex gs on : he ek n u a d I quj.
cryst aﬁ' pang} chfoﬁ' %9 %t?ﬁ@s&ﬁ%ffg%&i% 3&@]&@@’{%3 ﬁg{ll{dcél%lsﬁagu%ﬁ%ﬁgé nagl llglﬁtl d
crystal panel usin supporting nenbers in a bonded state and in a

det achatsiidentetiarg obm paismi ighan sdireibsiate go1 amie iptegaate the pandl vetlythegprism;
transparent substrate having high heat conductivity. 18. The device

accor dicBghprRir @tidnnlgmewwr&gﬂ%bobmeg ﬂaeqaﬁeg'rﬂ*esrsﬁa@ﬁllr@ elaiBRNy;tan@ prism

the transparent substrate and the liquid crystal panel by nmedns of an
adhesi ve.
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panel . 20. The device according to claim 17, wherein the transparent

subst r apeling means pito cahtact vrithohe otteubice axf ¢hoprismgl ass substrate. 21. The
devi ce according to claim 18, wherein the adhesive is transparent and nmade
of reshn hayhegid/ig SubsHAR tRlaimS &Mt bY QptiREe o@DoRBR QlbshiR

- prism the trans;ljarent substrat eman’d tﬁlg;oﬁﬁ%fj?%%grnysta? ggnée}ﬁ 3% f 27 May

2005 : . . : . :
between the prism and the liquid crystal panel, and integrating the relevant prism with

the relevant liquid crystal panel.

3, The device according to claim 1, interposing a transparent glass substrate
. between the prism and the liquid crystal panel, and integrating the relevant prism with

the relevant liquid crystal panel.

4, The device according to claim 1, bonding the prism to the liquid crystal panel

by means of an adhesive.

5. The device according to claim 4, Wherein the adhesive is transparent and made

.of resin having the substantially same refractive index as one of a material of the

prism.

6. A liquid crystal projector device, mounting a liquid crystal light valve on a light

incident plane of a prism in a bonded state so as to integrate the valve with the prism;

comprising cooling means for forcedly cooling the integrated structure

statically; and




22. A nmethod of cooling a panel, mounting a liquid crystal panel using
supporting nenbers in a bonded state and in a detachable nmanner on a |ight
incident plane of a prismthrough a tgxansparent substratZ/ May2fep hi gh heat
conductivity, and cooling the liquid crystal panel. (12) 14tAt A- O [ : ;
- 5WC A*It mv . It! N'27 May 2005 (19" w P"
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8. The device according to claim 6, interposing a transparent glass substrate

between the prism and the liquid crystal light valve, and integrating the relevant prism

with the relevant liquid crystal light valve.

9. The device according to claim 6, bonding the prism to the liquid crystal light

valve by means of an adhesive.

10.  The device according to claim 9, wherein the adhesive is transparent and made

of resin having the substantially same refractive index as onc of a material of the

prism.

11. A method of cooling a panel, mounting a liquid crystal panel on a light incident

plane of a prism in a bonded state so as to integrate the panel with the prism; and

forcedly cooling the integrated structure statically by bringing a Peltier cooling

component or a heat pipe, or both as a heat sink of the cooling means into contact with

the bottom face of the prism.

12.  Aliquid crystal display device, mounting a quuid crystal panel using supporting

members in a bonded state and in a detachable manner on a light incident plane of a

prism through a transparent substrate having high heat conductivity.




WeF2001- 38033 2001 42 A 1513 (15.022001) JP 9t R2001- 62838 2001 ~3 A 7 19
(07.03.2001) JP (81) ItyM (19 A): CN, KR, SO US. [) (54) Title: LIQUD
CRYSTAL DI SPLAY DEVI CE AND LI QUI D CRYSJAL PRQJIECTOR DEVI C May 2069)
Abstract: Aliquid crystal projector device using a |liquid crystal panel.
This device conprises a liquid crystal panel (16) sealingly integrally
attached to the light incident surface of a dichroic prism(23) 23 sr
consi sting of a polyhedron, and a heat sink (29) and a heat pipe (31) which
are usdd.f orTiat devicalabyorkog &0 tldimy 12 oedbndigg tab dedshtoagriateefhcstbatwien ¢he The
liquid crystal projector device having this arrangenent will efficiently
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15.  The device according to claim 12, wherein the transparent substrate is an optical
component substrate or a glass substrate.
| 16.  The device according to claim 13, wherein the adhesive is transparent and made
- of resin having the substantially same refractive index as one of the prism, the
transparent substrate and the liquid crystal panel.
| 17. A liquid crystal projector device, mounting a liguid crystal panel using
supporting members in a bonded state and in a detachable manner on a light incident
plane of a prism through a transparent substrate having high heat conductivity.
18. The device according to clai@ 17, bonding at least one interface between the
prism, the transparent substrate and the liquid crystal panel by means of an adhesive.
19.  The device according to claim 17, comprising a position adjustment function of
adjusting a mounting position of the liquid crystal panel.
20.  The device according to claim 17, wherein the transparent substrate is an optical
component substrate or a glass substrate.
21.  The device according to claim 18, wherein the adhesive is transparent and made

of resin having the substantially same refractive index as one of the prism, the

transparent substrate and the liquid crystal panel.
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22. A method of cooling a panel, mounting a liquid crystal panel using supporting
members in a bonded state and in a detachable manner on a light incident plane of a
‘pr_ism through a transparent substrate having high heat conductivity, and cooling the

liquid crystal panel.






