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?e ppe0&Rvi ce, and
further to a panel cooling nmethod. Background Art In these days, a liquid
crystal projector device using a Ilqiu d crystal panel as a |iquid crystal
l'ight valve therein has been devel oped evidently. As the:liquid crystal

proj ector device, there are ed a data projector device
configur ed for a personal n@%%?ﬁ?gﬁa&t proj ector device configured
for n%drheai3 an further there is considered a rear projector

deV| isplay Devdge apd djiquid GhySttllel?r@ﬁGODEevme liquid crystal
prOJector deV|ce is roughly divided into two types, that is, a

si ngl e-panel type which uses a liquid crystal |ight valve (I i quid 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
I i ght val ves (I i qui d crystal panels) for three optical paths of R G and
gui d stal ctor devi divided into

B, res pecty I 0], e
whet her a T ﬁ%ﬁc&?ﬂﬁeq %r%f‘ 56 %E’HUJF‘FGFY%‘I‘I f@&'t derice e dliquidj ect or
dependi ng. on whet her  the |iquid crystal ht val ve mhlch Is a center of
t he ﬁt&ﬂ%hp{pjector device, and further to a panel coo ing 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 pths 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% May 2005 2 liquid crystal projector device is the type of transm ssion

or the type of reflection. Here, an optical systemof a three- Banel

transmission type of liquid crystal projector device is ¢oMay2U@3 ed such

that: liquid crystal |ight valves, each corresponding to each color of R

G and B, are disposed on three light incident planes -of a polyhedral

dichroic prism(cross prisn) in a stadte of opposi ng to one anot her; and

R-1i gEII, . I)iéﬁqh]t and B-1ight, each transmtted through the corresponding

i qui QLG SEystal progegior device is the tipe ofctsansiispipmenihe typeofeeflectiomi ¢ pri sm

and irradiated into a projection Iens. At that time, each |iquid crystal

li ght val véegenen aipgicahspstemwofia theeapanebtransmissiod by of ligli® chydesl

Therefore, the tenperature at the tinme of operation (Will be reféerred to

as oppidiecit RVRYY akUESnstRESEH N I hak-N qq]qae t ot hgr..hand, in the

i qui g @?yst al |ight vaﬁve_, orgaﬁ‘lﬁ%ﬁ:rrt)rgtlta'tt'e(rH S uggcf’%lorl@gt ngﬁrle§, tqu'é:hl I qui d

cryst ' . ut _al sg an.arientation layer, a seal_,portion, a_polarizing

pl at e?bgje%ﬁ%(&ng??f’@&kﬁ@ I Bfgl’ g}e a%‘ih? ispesed qinthieglighbincidang alanes mat t er

- is-al s? usg? for a flattening filmand the like on a thin filmtransistor
( TFT' 91 a pabrhedsaldichraie prisas(opessprism) in astotetofaytpesing @t oranather; @hdabi | ity

oW ng to increasing tenperature or increasing quantity of light. For this

r easoR-light, &-tightarid Bdlighet durh traismiteditBrouphdhe chirdshshdinp ligned d

using liquid have been proposed as a net h(;%'hof cool ?t?lg thg Ik]iqu?ig&gl?ystal

| i ght1i¥Bf ¥8lve( lar&l WL itk Y, thg Ao - | ing .method, .the |iquid

cryst ag- | i ght gvaI vg ?s ié%E)io }égﬁ%iﬂgr 8¥ zlti{i'? tgg&égi(%gﬁgﬁj gggtlsrafigﬁegilpﬁa t he

i qui |light valve. In the 1liquid-cooling nmethod, the |iquid:

cryst aoﬁé%gﬁi%t ve. is cool ed by bringing cooling

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




' 27 May 2005 3 liquid into contact with the liquid crystal |ight valve.
~ However, in the air-cooling nmethod, there have been inconveni ences such
that noises are generated by rotations of the fan or dus#’ Ma¥e805|n the
|l iquid-cooling nmethod, it is necessary to dispose a |iquid-cooling
cont ai ner around the quuid crystal 3Iight val ve, which di sadvantages in
regard to mniaturizing. In addition; tenperature of cooling liquid is

influ e envi ronnent al, er at ur und the panel. Therefore,
cool i ﬁuléf’flgétm@&!sqtl“?rigg&%i% d.??&?@ﬁ‘&& @rrmre there is a problemin
that sufficient cooling effect is not easily obtained. In particular, as

the di st antlwoeatryisdhe apt¢aalingumetied theredaws beho incanwiengetoss such tatir i zi ng,
the environnmental tenperature increases accordingly. On ng to the-increase

of t hﬁofs@%éaédﬁre@ateﬂ roQRAs 3R fin bPRILGP s I e ﬁ ufd-cesmAKabl y
I ncreased. Thus, cooling effect is expected to deterlorate In the future,

e B rﬂﬁﬁ’g@?ﬁgm%ﬁd@%lﬂﬁ%%ﬁ%]%lgﬁgﬂﬂﬁébé 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, the conventi onal
f"e{rpe gﬁgﬁwﬁgopﬁgtgfgé’cgrlg Sqogoéaﬁ{lg c{fﬁﬁiﬁ%ﬁ CABREAS, R the' diEtance

between optical members becomes short owing to miniaturizing, the environmental
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




27 May 2005 4 valve fromincreasing any nore, so that it will be further
difficult toretain reliability thereof. Disclosure of the Invention An
exanpl e enbodi ment of the present invention may provide a newMau2@D5
crystal display device and liquid crystal projector device, which can
solve the problens that the above-nentioned conventional device has.

Anot her evalwedtam awtraslngrant mofk, solkat itrwill e fiothendiffiquit dwviethn mlidbilifyilgreof.y st al

di splay device and a liquid crystal projector device, which can prevent
~deterioration of its reliability comng up with increase of tenperature or
increase of light quantity. Another exanple enbodi nent of the invention may

provi de aplskigslirdofthy $ivahiigi spl ay device and a liquid crystal projector
device, which can efficiently cool a structure including a liquid crystal

panel , and fur . of . coplin .panel of the ..iquid crystal panel.
P accor dance i kb Etptinpy 6 phed BPEEen T Erts v ety

provi ded lLiquid crystal display device, unting a liquid crystal panel
on a |igrfﬁsnlﬁ% st %ﬁ/ Giid gyt PFOIETien Hevigss WhiierBcoleathe rieplgys fgt the
integrate the panel with the prism conprising cooling neans forcedly

cool i ng tdveve-meadomed eanventional devdcsshaat i cal |y, and bringing a Peltier cooling
conponent or a heat pipe, or both as a heat sink of the cooling neans into

contact with thAetestekanplt andodinehhef fiki iaventibm nagcarodan adigud brystalSdigiayd
- aspect of the present invention, there is provided a |iquid crystal

Pr oj ect ordediRY hiea LM RiysBY phojédidiWedice ! WhitRarl h@bint \ielekiBralbn 8f Ité Aithbiligci dent
plane of a prismin a bonded state so as to integrate the valve with't he

. rismin a b _ ate the vl ve wth
C1  aot ur S OB A e SRR BRRR Rl LRI BBAY Cponent or a heat

i h h i f th | i [ . .
Pt pe, or .bOt Potter e}%g}%lplglenmlgoglme}lt gf ﬁlgam\lferlll ox%r}sprb%é’ a liquid crystal display

de\_rice 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




contact with the bottomface of the prism In accordance with a third
aspect of the present invention, there is provided a nethod of cooling a
panel , nounting a liquid crystal panel on a light incident pl2hdap0@6 prism
2'7 May 2005 5 in a bonded state so as®to integrate the panel with the
prism and forcedly cooling the integrated structure statically by

bri ngi ng & ®dondast staleio agto tgemaiethe panch withatheppype); ad fotetly awliag Heat

. sink of the cooling nmeans into contact with the bottomface of the prism

| n accor dimmgestatd dtucrd aatidally ag phagingh Pehier piotiag Rbmboneansi Oheat biper & both
provided a liquid crystal display device, mounting a liquid crystal panel

Usi NG SUPRA RehEnBITREE 1ih nRaRARE.EntadivAtRhe BelidnD R Rhaphgk! € manner on a

light incident plane of a prismthrough a transparent substrate having

hi gh heat condyct.ivisty.. J. gggg ' fi.fth.aspect. of t resent

i nvention, thg?%£$%h%¥§0#gﬁﬁﬁggpi U|gaM%%§§$%FHBF%?%%ﬁgpaﬁ§VP%%$aﬁgﬁﬁfing a
liquid crystal,. pane] wusing suppartin nbers. in a honded state and jn a
det achabl ST SIVES) m@mﬂﬂg i ﬁ?ysgf Bl BYNESURPOIERE PSPOGGHD & bonded
transparent substrate having high heat conductivity. In accordance with a
si xt h aspdele apd in pdeigekabinmannsy ontd light indidens plage pf @virigedheugle & treuspaxsit
cooling a panel, nounting a |iquid crystal panel using supporting nenbers

i n a bondabstrait ketvingangh heat condedtithabl e nmanner on a |ight incident plane of
a prismthrough a transparent substrate having high heat conductivity, and

cooling the |imuicBordnts tvith HARRspedN6r the Grescht GRoREG, tikirs B! RUvid&Va figuidn t he
exanpl e enbodi nent nounts a liquid crystal panel on a |ight incident plane

For cotl y atarsPAREoFieate, PARSnb e TR EkiCofl S Aiphie iRl o1

Accor di nqln)é‘, bondled state and in a detachable manner on a light incident plane of a prism through a

| transparent substrate having high 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




becomes possible to cool the liquid crystal panel efficiently w thout
bringing any trouble caused by fan noise or floating dust. In addition, in
t he exanple enbodinment, in regard to the liquid crystal projZcitiay 20851 ce
using a liquid crystal panel as its |lidaid crystal light valve, if the
sanme construction as the above is adopted, it becones possible to cool the
| i qui d crgfthelprisini thivugh al tremspidnit sutestrhicyhaving thight hdak corglutvigrmd tiritogtleghe aused
by fan noise or floating dust. Further, the liquid crystal display device
and the | pguél Grithkpesirzin, proj ect or device in the exanple enbodi nent mount a
liquid crystal panel in a bonded state on the light incident plane 27 My

ggggrcfﬁéfzytgﬁhﬁ#%gggé%ég&?ﬁ%ﬁk%;nel %#@ﬂ%fagﬁggpgﬁglFﬁm%ﬂg(ﬂ%g%ﬁg%?%ystal
embod, rent 2 GOPERY sy et i iBnnil foa e Se e i RRe ) 1 gne

i nci dent | ane, of the prismthrough a transparent substrate having high
heat condB&he vt ihe em ithipudy at Gepsparen substrade | hawing pbigh r kfieh gpyductiviyt and
generated at the liquid crystal panel is absorbed by the transparent

subst r at eirdggmhtedeitiathe prismdAtmeatingly, hdatfgeumrateld yth¢ higuig criystah paiidd issgbstrhed by qui d
crystal panel is efficiently cooled with the prismused as a cooling bath
in the exdemhsspeidaodbiiiziand Addibidreiddeaabitiefuted t9fthé Hesnh. HRRIthORqaderystaECi fi c
advant ages whi ch may be obtained through the invention will be obvious
further f L Ok | t.S i ‘ L jnafter.
27 Ny 20080 & oE e et i e R AR B cBofih tah RS CLbhRFLrRIaShlR

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+ .
FIG 1 is a schematic di agram showi ng an exanpl e of an optical system
construction of a liquid crystal projector device according to the
“invention; FIGS. 2A and 2B are diagrans showi ng a nai n pattMay 280% i qui d.
crystal projector device according to a first enbodi nent of the invention,
FIL.G 2A being a side view thereof agd FIG 2B being a plan view thereof;
FIG 3 is a cross-sectional view showng a main part of a construction of

nount i | Qul | and a construction of cooling the sane;
FI G Zﬂﬁéﬁgééﬁﬁgﬂvféﬁﬁ%ﬁ%&ﬁﬁgﬁ%n exanple of a main structure of a liquid
crystal projector device according to a second enbodi nent of the

i nventi on; b@si ISA sehempiGdiagiang Phowing Anegrampk A at Aptcal systedn of
.the second enbodinent of the invention; FIG 6 is a perspective view

show egnstruetienpf a lifuid copstal pliojectordeviet avcbidiugdo the yistaitiam; oj ect or
device according a third enbodi nent of the invention;, FIG 7 is a plan view

R e R e

crystal panel; G 8is ap W ng anot
COD GRS A el b B b, B B Aldeviel 1
integrating the prismwth the liquid crystal panel; FIG 10 is a plan view
show Hy:rgt)fq pnd Erl&- RE beingrpplansfiew therestdi ucti on of ' 27 May 2005 7
integrating the prismwth the liquid crystal panel;
FIG. 3 is a cross-sectional 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




FI'G 11 is a pl an vi ew showi ng an exanple of a main part structure of a
lirquid crystal projector device according to a fourth enbodi nent of the
invention; FIG 12 is a cross-sectional view showing a medhMgueb0df a
construction of nmounting a liquid crystal; FIG 13 is a partially
sectional view showi ng a main structyre of aliquid crystal projector
device according to a fifth enbodi nent of the invention; and FIG 14 is an
expl oded rspective di. am.show n main structure of the liquid
crystgﬁe%‘%ﬁf‘gc'ﬁﬁrprﬁ@?/?”dapﬂwg%w& (ﬂ'yg@?ﬁ)ﬂgegifth enbodi ment of the

i nvention. Best Mdde for Carrying Qut the Invention Hereinafter, |
enbodi ment EIGn1 s & planeewnshawingnn exampple efa maln pat stughie &f adiquid

t hree-panel transm ssion type liquid crystal projector device wll -be

descr ¢RgthliprofiRi@ devivt hbcordiny enadouahtdmbedinemafithednvsmivmgs. FIG 1 is
a schemati ¢ di agram showi ng an exanple of an optical system structure of a

liquid nyﬁiqﬁ}!s 12&@{ aS {ogg-sgs%ﬁ@f %m@p&&iﬁ 9 ﬁﬁiéfg%h%f L 2opRRLERSy of" FI G

1, a lanmp source . rquid cry proj ector device. For
exanple, a rre{,al i{({;al ide lanp constitutes the lanp 1. In a direction of
“out goMeyntngr NApKherystddd fromthe lanp 1, there are disposed a UV-1R
cut-off filter 2, a light integrator 3, a polarizing conversion conponent

4, a firstFIGnk3 B apaitially sectionavi¢wsbowing h ominsireture of p iquideystalt i al
order. '27 May 2005 8 Meanwhile, in the direction of light reflected by
the f?fo;éctbﬁﬁé{rideeﬁdcﬁﬁdihgﬁorﬂ fifthrembodini@iteofahe itvatimgdnd first dichroic
mrror 7 and a second total reflection mrror 8 in '

FIG. 14 is an exploded perspective diagram showing a main structure of the

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.




thé sequential order. In the direction of light reflected by the first
dichroic mrror 7, there are disposed a second dichroic mrror 9, a second
lens 10 and a third total reflection mirror 11 in the sedt&wiZd050r der
Further, in the direction of light reflected by the third total reflection
mrror 11, there are disposed a third lens 12 and a fourth total
reflection mirror 13 in the sequentid order. In the direction of I|ight

reflected by the second total reflection mrror 8 a liquid crystal |ight
val ve 14 f dYlegnwhilg)inithe dirpstionof light réftecdied by thofirsiftotal giflectioh rmited by
t he second dichroic mrror 9, a liquid crystal light valve 15 for G (green)

Cis  di6gpeyedre Bispobed a first diefrsiciBitoronasd a stehid Lcﬁﬁl' I%Flfeeﬂg@;l?ffrﬁﬁg urth
| I T1g e or :

total reflection mrror 13, a liquid crysta t valv | ue)

is di ' L N&i b Si f &he Liquid crystal Jight valves
)5, 1 IROSGHon® oK ML R ioh i ref iy b3S bt icHoicfition?
di-sposed pol at.i zin | at es .20, 21 and 22, respectively. TFT liquid crystal
panel ?,‘erﬁeﬂ,rﬁ éﬂ‘?ﬁ‘g‘ 5 rﬁeﬁol‘lﬁilfgﬁlﬂ%%éﬁ“ﬁ(ﬂr% 2 sreondydenmdBandna dhirdt okl nanner
- therein, can be used for the liquid crystal light valves 14, 15 and 16.

Her ei refiection mairror i 4 im theseypicatial orgler. Faithet, intld dibecticaf of liglst refleada
"l'tquid crystal panel” in the description. In a region surrounded by the

| i qui By ahy sliidl (RN e feckbn ABrrdP 1 Mherdafd &iggaéé‘d a Wit S 1Bk 2 En@'%?Bﬁﬁﬁd- The

dichroic prism23 constitutes a prismin t I nvention, and erred to as
vay 2B0et egRRORIRiGRE 13 HhnERedRitd SRrtons: Y uct ea by bondi ng four pri sms
0 PR Ot B ie Airestianoot Baht PACTed By e Sodond total refleciion mimrer 8 50 o
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




li-ght incident planes, the liquid crystal panel s 14, 15 and 16 are

di sposed, respectively, in a state of opposing to each other. On the |ight
irradiating plane, a polarizing plate 24 is bonded. |n tBéMiy288bi on of
light irradiated fromthe dichroic prism23, a projection lens 25 is

di sposed. The projection lens 25 is constituted by conbined plural I|enses,
i.e. five to ten Ienses disposed on% comon light axis. In an optical
systemof the liquid crystal projector device constructed as the above,

whi t e quiagmngulasilionk structmconstrieied by pasding fobr prigisttd eath/otiRrc Theof f
~ filter 2, the light integrator 3, the polarizing conversion conponent 4

and t kigcKioiShris@ 3 Ras trﬁ@@hgﬁﬂm%ldaﬁ 48 4 d@%@%@ W@é gﬁfn' °®d{?H5r or 6.

And there, the incident Ilg ecte erpen larly.

At th| of f f||te i ol et,rays,and

i nf rar1 ray%dérgopkgﬁeﬁtl ﬁeh‘ﬂ"ﬁl {hEstp gﬂ‘i‘persr irﬁlell L% ‘i %%Tﬁe dispghgsl,1. The
light refl ect by the first total reflection mrror 6 is selectively
penet FeSpEglive dﬁg’hStéFe ekpppesiag toyeach@ther. sOndihentightcirridiating planthat i s,
the first dichroic mirror 7 allows RIlight to penetrate the mrror |tself

and r pblatting @later2d B-Bomgled. The R-1ight passed through the first dichroic
mrror 7 is reflected by the second total reflection mrror 8, and then .

passed t hr gueie dbEcHGNSE Ik %hﬁfﬂdhﬂ@d BRIA MR ﬁgsn%ﬁgﬂg}aoségg@ﬁeniot he

passed |ight conmes into t urd crys pane
22&8??3% ARy éaoa#mglﬁn% 25 % FpuSiiEdly cBtibed piral keeeh.d.on 1 or
% Th?ivelt(s) ten lenses disposed on a common light axis.
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.




the second dichroic mrror 9 allows the B-light to penetrate the mrror
itself and reflects the Glight. The Glight reflected by the second
dichroic mirror 9 passes through the lens 18 and the pol df Mayi§0pl ate 21,
and conmes into the liquid crystal panel 15. In addition, the B-Ilight
havi.ng penetrated the second dichroic mrror 9 passes through the second
lens 10 and cones into the third totd® reflection mrror 11. Then the
B-light is reflected substantially perpendicular by the third total

refl ecti onOn thootherhanby thd&-, anchB-Beht gilectef by chedidhiroidwmiirbr 7dareot al
reflection mrror 11 passes through the third lens 12 and cones into the
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substanti al | er pendi cul a rth total lon"mrror’13.
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the |i (white |ight rradiated fromthe lanp 1 is separated into R-,
G ant qt$ hg éiltﬁeﬁahghtetbﬂacgm biysthiersegdnd wdéchroie mirtos 9 passes

crystal panels 14, 15 and 16, respectively. Thus, on each of the three

|'i qui throughtthé lenlsatﬁﬁhﬁl thé poldrizing p l&ﬁeztlh@ﬂi&cd)meéﬁ{tﬁmb Bduid| ﬁﬁlg&ﬂ@ge
being in the color corresponding to each of the panels 14, d 16. The

opticg ? i mages are formed on the liquid crystal panels 14, 15 and 16 by
contro 1|ng the quantity of penetrating light for each pixel in the

especti veypanghin Mo poedliiag hangall bl heotdGicFionc Rkl Balsbd"

through the second Iens 10 and comes into the third total reflection mirror 11. Then
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.




15 and 16, respectively, cone into the dichroic prism23. In the dichroic
prism23, the R, G and B-light incident fromthree different directions
are synthesized so as to generate one optical inage cons?iMay@80by t he R,
G and B. The optical inmage generated in this manner is irradiated fromthe
light irradiating plane of the dichroic prism-23 and passes through the
pol arizing plate 24. Then, the imgellcones into the projection |ens 25.
The projection lens 25 enlarges the incident [ight (optical inage)

i rradi at ed Further,tthe RY, (hramiddB diglarha2Sng@pengiraié dislititrl eryistal gasiebold,cal

I mmge on a screen (not shown). Incidentally, the first, second and third

| 1 . . . o . th

| enseasTmdif SRGpIAi icorQinth (he BKEIOBHLRR3 DB i Bloifoipate 2.1 Ne
comontHEhe B S sl R MR RS ey bBea RSP ar P fobe, o6™
is aplan viewthereof. FIG 3 is a cross-sectional view showing a nmain

part td geherato osereptidadimagenaanstitutgdthye the Byil andr Bst The pptidal iimage manner
.of enlarging. On the three planes of light incidence in the dichroic prism

23, apepdvarad imthishizane?R idided fRsmlthe Yight iradibethg paaed of b dithreind 16

~are nounted in a bonded nanner, respectively. By doing so, the dichroic

ach BeRares ehdPause b RiibE Bol AR plathd, Tl e P ep SRR ", o
ol cvRIRICtah Ry Tasproication (o6 45 rrecs (e maideBny (eRticakimige) 16
ount imaginied! froquile dichsais|prisn @uarih projects the eniarged optical image on &
| 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.




15 and 16 to the dichroic prism23 and a structure of the cooling neans
- Wil be described with the liquid crystal panel 16 shown in FIG 3 used as
“an exanpl e. Between the dichroic prism23 and the |iquid &f)eyaP0panel 16,
a polarizing plate 26 and a transparent gl ass substrate 27 are interposed.
The transparent glass substrate 27 is made of sapphire glass having high
heat conductivity or the like. On tRe light incident side of the liquid
crystal panel 16, i.e., on the side opposite to the dichroic prism23, a
dust - free Pleatiaaft8r,i sspticifio sedstritieon of méumgthet kqeiel ¢rystahgancls 145! ass
and has a function to prevent dust existing on a light path from neeting

the f ?ﬁfénd isgatﬂheqiich R aRd! £88udars dfahe @ dlRiOfitans Wilf be pl ane

of lig I ncidence 1n the dichroic prism23, the polarizing plate 26, the
transparent gl sybstrate, 27 an he dust - e~ pl.al unt ed

t oget ﬁggcrﬂaqdhgwﬁflﬁge;llliq&gﬁ Hrwiésqaé\e?&gﬁi’f’%lq Eﬁg %ﬁ]ﬁﬁgﬁst a@e\%ﬁ&gr pl anes
are in contact with each other. That is, one plane of the polarizing plate
26 is in cBeteeen the diahweia pusm 23 enddhe diguid gsystal panel Io.chPeIAIgRg sm 23.

The other plane of the polarizing plate 26 is in contact with one plane of

the tphinsperada gﬂa&Sﬁa&nb glasatsabgitatePe apd aterpdsetin€The qanspaeys ghiss panel
16 is in contact wwth the other plane of the transparent glass substrate

27, aﬁﬂ)s’tﬂﬁ? z?tiés'ﬁ{o?d%' m%gghn{g{gg?éeé g@iﬂg glig}ggeét_ mmﬂcﬁ%ﬁgio% the [§RNI@gt Wi th

one plane of "the dust-fr Ition, the dichroic prism 23,

(e PR A S GRS BhhetlA, YIRS RS S
o ?Egﬁaﬂc{p@gﬁ §3°8 dast-froe piate 38 is disposed. The dust-free plaie 28 is madgof - 0
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




acdhesive, it is desired to use resin which has substantially the sane
refractive index as the material of the dichroic prism23, for exanple,
resin of n =1.4to 1.6. The reason for that is to suppréédlayiZgnd
reflection (interface reflection) at contact interfaces between
conponents.. For resin to be used as the adhesive, acrylic resin, urethane
resin, epoxy resin, silicon resin orlihe like is enployed, for exanple.
Further, a silicon gel, oil or the like can be al so enployed. On the

bot t ootHeaaetloiis¢ bEa diansparent pdhesive nade dfaltraviolt R&rdeainy meindeBoi thea
state of being in contact with the bottom face. The heat sink 29 is nmade of

met al 3 dREHeE 1igkhs Mf@t%@r&ﬁi&vl@%?ﬁ%ﬁ%t Hﬁial{lfgl}]@ il Efra @ity The

heat sink 29 has a quadrangu construc m a plane view. A

riser rtion 30 is,. formed . at .an ortion of the_ heat, sin 9,.in an
|t oo tisuRera of e SiSHEeicHdth 2L tof xhmdle.tesin B e drf 1556 Thecont act
with the liquid crystal panel 16 and the dust-free plate 28. A heat pipe
31 i sredsandorihatisdosnppessdightiaflection (poterfacn reflectinn)dit comtactinterfaces 23.
The heat pipe 31 constitutes a heat sink of the cooling neans according to

the ibasvdenotomPonthss. UPPELeshiotd beruseddr thE ddhesidies BEAlR: RS Mrdthankhe heat
pipe 31 is disposed in a state of being contact wth'the dichroic prism?23

G chr i ABALE, B BACSHPRE 1t fike is (Rplcd. P xBiigle TR 8 "

cubs lieth 2613l of P kP B tikchlk STUPKRE20. 1 n regard Lo Lhe heal - 27 Ny
2005 14 sink 29, the heat pipe 31 is in contact with two parts of the
i nsi de corQarthenttymdnee of the dichroic prism 23, a heat sink 29 is provided in a
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




formed by the riser portion 30. In the structure described above, when the
i quid crystal panel generates heat by absorbing light, the heat is sucked
and di ffused by various heat transfer routes. As the varRoMayi¥®b transfer
routes, the follow ng routes are available, such as: a route leading to
the heat sink 29 via the dust-free plate 28; a route |leading to the heat
pipe 31 fromthe transparent gl ass g#ibstrate 27; a route that the heat is
absorbed by the heat pipe 31 with air around the panel used as heating

medi usinka29pthiechdat pdpd1tioin bentactivithsiwik p2fs vt thé Nigside amsRas AMiclHhass
substrate 27, the polarizing plate 26 and the dichroic prism23; a route

| eadi nﬁ@dtbjﬂze[ i f romthe heat sink 29; a route that the heat
is di ??used inth% t eé‘qjgiqﬁoﬁg‘:’gmthe heat sink 29; a route that the heat is
di ffused int the air fromt dust-fre [ate 28; and the like. . In
particul ar ?ngbgg{}gpﬁgeldgsqrﬁ © %?/% > (VERETE lqllilalﬁrHStéf?%‘Eeélgeﬁ&ﬁEPS heat s
mounted to the dichroic prism23 in a bonded state so that the heat

t r ansbyrabspgeingdighécthetheat istsuokedand diffesedducvanonsha transferrohies, Ashe heat
pipe 31 is drawn around the dichroic prism23. Therefore, it is possible

to ef thevearibhy heutirahbfer hafes! hRBIRAWIAL DAY diGivalilaBl, duch Bt @'roﬁﬁ”a 16
to the dichroic prism23 by the heat pipe 31 in addition to that the heat

o po. S8 to T hoACHILE 20VIZ R S ke Plarb 281 hbfite KadHE R p el o
i chr O oyl 8 Bitant Hl8ss St £f5Atome fiakdhe Rist Krmascabed bY the heal
possi bl e to suppress thermal resistance '27 May 2005 15 between the |iquid
cr yst pipepdhwiith &ir aneundhthedraniel vsed a8 heatigmeditrhpa rowtedsading to the heat
| sink 29 via 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




Further, the heat pipe 31 is in contact with the transparent gl ass
substrate 27. Therefore, it is possible to suck the heat generated at the
liquid crystal panel 16 by the transparent glass substrafeéhRig 200her eby
efficiently sucking the sucked heat by the heat pipe 31. In addition, the
heat sink 29 is in contact with the bottomface of the dichroic prism 23
and the heat pipe 31 is in contact wlih the heat sink 29. Therefore, it is
possible to suck the heat transferred fromthe liquid crystal panel 16 to

t he dibetweir thepdiquid 28ysigl phrelhtGtans the dichroiceprtm 23 fto dhedoiwy esteoki ng t he
sucked heat by the heat pipe 31. As a result, the liquid crystal panel 16

IS 1 NIFRGRYT e thoVibeht B 1CHY 9 Copta@Mwith tﬁb’i‘ﬁ‘a'ﬂg ﬁreh@rgﬁlﬁssh%st%@@ ty and
forcedly cool ed sta |caIIy Thus, 1t 1Is possibl e to sufficiently reduce
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conventional nanner. In addition, the heat pipe 31 is used as a heat sink
of t h&Tanspascayglsarabstratedr etherehy etfigiently sucking thesuckes heas by sheheat
~sufficient cooling effect without any influence of environnental
tenpepipeBe. Furthernore, by conbining the transparent glass substrate 27,
the heat sink 29 and the like, it is possible to obtain a higher cooling

effect. 'n%faaahﬁid X hEattélﬁkuDrﬁtm%BH%t R (esGtioRTdcaBeYife dichfoic |

transparent gl ass S}ll,l strat I's 1 nterposed between t he’ dlchr0|c prism 23
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possible to suck the heat transferred 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.
Therefore, 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.
Incidentelly, in the first embodiment described above, the transparent glass

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




si-le of the liquid crystal panel 16. A second enbodi ment of the liquid
crystal projector device according to the invention nom/MAII be descri bed..
In the liquid crystal projector device, as shown in FIG.ZnMaNH@O§|qy|d
~crystal panels 14, 15 and 16 are directly bonded on three light incident

- planes of the dichroic prism23, respectively, so that the dichroic prism
23 and the respective liquid crystalé panels 14, 15 and 16 are integrated
with each other. For adhesion of the liquid crystal panels 14, 15 and 16,

it isléedioweven thistrahdifarennElaseeiiatiale2 amAN6e bonddtEoh itﬁ@liﬁﬁf‘f‘ﬁ fHcgnt

descri bed above so as to suppress reflection at jointing ITiterfaces. On

t he b@fde"&ﬂﬁ‘lﬁgﬁﬁ ‘%{?@3%5‘%%%0 prism 23, a Peltier cooling conponent 32

is disposed I'n st o) i'Ng in contact with the bott(lzm;aCﬁtherlepf.
The Peltier, cooljng,c onent 32, ,cqnstitutes a heat sink of the cooling
nmeans acco &??‘F‘d"idloef?’h@gﬂﬁm‘e?# ﬁhﬁﬁ!qqlﬂ arytakprajector deviseciacpedingonbs ¢ he
l'iquid crystal panels 14, 15 and 16 are in directly contact with, and .
f ur t hinvesdigeaowovilhee desdritwide Jorihstiq@sd ciymalgirojectot devicepas slapngimt ed at
the respective liquid crystal panels 14, 15 and 16 are transferred to the

di chr BYG. it ithelidid hyastphhas. 14 s B tliﬁeﬁr.eccﬂgér(%t bGRABE B heSZ 1ibhy | I

contact with the bottomTtace of 'the dichroic m her ef or e Ehe heat
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For adhesion of the liquid crystal panels 14, 15 and 16, it is desired to use the same
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 tﬁe Peltier cooling component 32,

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




cool i ng conponent 32. Therefore, it is possible to sufficiently reduce the
operation tenperature of the liquid crystal panels 14, 15 and 16 w t hout
dynami cally cooling the liquid crystal panels with use 027 May2A0as |i ke
~the conventional manner. In addition, the Peltier cooling conmponent 32 is
‘used as the. heat sink of the cooling neans. Thus, it is possible to stably
obtain a sufficient cooling effect whout any influence of environnental
~tenperature. Incidentally, in the liquid crystal projector device of the
seconthe higjnad weystal pasals iTded Shane 16tisfoRaddly @oolabkiatizallgtpotdenPelRri s used
~as the heat sink. However, instead of the Peltier cooling component 32,
the h iRl e ; o ' i t he
eablifk RBibbrERY 300 TRACIARE, i lisgy&glm@.tb%ﬁ;ﬁbeféﬁgga@&%{% ffie qptialign

bottom vi ew Fl 5B, for exanp rawi ng e
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. obtained., Further, by drawi ng the heat pipe 31 in the formof surrounding

t he pHig biquid ceystalapanelstwitheuse gfiiadfam gs ke wneosvamtjonsd mannas, Inhe heat
generated at the respective liquid crystal panels 14, 15 and 16 is sucked

by t haddititin, the®elicr ¢hslifbyonipoacii BY ie uskdhas theddap@ild bEHie clokifg ' d
enbodi nent of the liquid crystal projector device according to the ,

I nveny n BTE I ; kS ld Qibedls | jce is
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I n.that.the Ir‘c‘g}oective ui dGIC{%stal panels 14, 15 and 16 are directly
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prism23 as shown in FIG 6. Wth this structure, the liquid crystal
' + Incidentally, in the liquid crystal projector device of the second embodiment

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 einbodiment, in that the respective

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




projector device i.s constructed in that the dichroic prism23 and the
_respective liquid crystal panels 14, 15 and 16 are integrated with each

ot her. The Peltier cooling conponent 32 that serves as a BéMaysi08k has a
guadr angul ar- shape from a plane view. Supporting nenbers 33 are raised at
-four corners of the quadrangle. Each of the supporting nenbers 33 is
constituted by a long L-shape platel8On the outer plane thereof, a
plurality of fins 34 is nounted in a |ongitudinal direction. Both the
suppoofithe dichrbir pris@ 2hds shownda Bi@. Grad®ithfthis steiabreyaheliqalid of fsial

exanpl e, alum num having high heat conductivity. In the structure as
descr ipbsie i | ' ' hi3yi hesh AWCTE l'ing
Compohen o8 e A LR AN e ARIEPASPED Al MErespECyElighRe 1T
the s t < Wth thi tructure,.the Peltier cooling

conpo gﬁsﬁﬁl @%éﬁggﬁﬁf@%&o?ﬁ%&e&mf%‘s‘{vﬁﬁ eﬁ'&%‘t%ﬁ?‘f‘ace of the dichroic prism
23. In addition, the respective |iquid crystal panels 14, 15 and 16, which
mount ed on Hddtiereenlingromponeont 3:that servies as 8 haatsinkhes diqupdeagular a
manner of being fixed between two of the supporting nenbers 33. Wth the

aboveskapeifivm a,plahe viear Sypperidneehanbehel3B iaaeirsised s fedr ciaetsofithe 15
and 16 is transferred to the dichroic prism23. The transferred heat is

suc keguﬁwrah?fe. Btﬁbhi&&%%ﬂ@%%iﬁ?%%ﬁﬁ?ﬁé? is %hﬁt‘ﬁu}?&i IngaS }n%rr%g’r'é%ﬁ’ 1het .

Pel tier cooling conponent - our suppor
et BB P b (TSP B BR 2 s Ao s BB e
arr Q{rggt?gn.t %%tlfl Itl?e:s sx?lfp'orting members 33 and fins 34 are made of .a metal material
(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




- Asra 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 cooling conmponent 32 and?7tMey 200pporting
.menbers 33 with fins 34. Therefore, even the liquid crystal panels are not
cooled with use of a fan as |like the conventional manner, the operation
tenperature of the liquid crystal papels 14, 15 and 16.can be reduced
sufficiently. Further, in this enbodinment, the Peltier cooling conmponent

32 isimgqﬁe@&ﬂﬁgugﬁﬁeﬁhglg,@f t he cooling neans. Therefore, a sufficient
cooling effect can be obtained stably w thout any influence of

envi r onnent,al re. rther e, .since. cogli ef.fects ovi,ded by
t he suppor ﬁ%@r%@@f%&tﬁ@u&{ﬁoﬁqﬁuﬁgy yyegt 1%@’8()‘{}%]&"%? gHsMm Qéé‘ﬂﬁng
effect can be obtained. Incidentally, in the first, second and third
embodhediguidiargstal panelp ddn15 and d piwih eaele othes ds forcodlysoledstaticallpbpe 31 or
the Peltier cooling conmponent 32 is wused as the heat sink of the cooling

meanstheHPektier codling kengionent B2 aad ahe Kupporting haembiets B3ewhpdfiagg4.shown
in FIG 2 and FIG 3, for exanple, the Peltier cooling conponent 32 is
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sink 29. Then, It ossible structurein bot h
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wi th the above described conponents. In this case, a high cooling effect
can bbb s8nhe sedugadhsulficiently.c Fuithesz imghisoombediment; tha igRﬂitieh eobhngi s
rotated at the suppressed speed. '27 May 2005 20 Therefore, fan noise can
be rechmpdnémt 3hés hsddeds thie hitat sinknof thieakdingsmieahanThatdfyre, a sufficient
cooling 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
cpmponeht 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. -




occturs. Further, dust is restrained fromwhirling to the | ess extent ow ng
to a decrease in the wnd quantity. Therefore, a harnful effect on quality
of image to be caused by floating dust can be suppressed27Mayt2086, vari ous
nodi fications can be considered for the structure of nmounting. the liquid
crystal panels 14, 15 and 16 to the dichroic prism 23. For exanple, as
shown in FIG 7, a construction can Bg considered in that a phase
difference plate 35, a sapphire substrate 36 and a polarizing plate 37 are

i nter t [ ' [ he liqui,d crystal el s 14,
15 and gt R M Ao eTal Ik ehEed b B e M b g, BBt estandiTl Londen
state. In tr}#s cas&, i.t is preferable that the sapphire substrate 36 and
the piPESBIYliyrther distis rstranedidrant whirkiagta thless pEient awing foadecreasest al
panel s so as to increase heat conductivity. In addition, as shown in FIG

8, a doithe wind quaniitn Deerctors ahardfileffdrabnayualios of ik €tEhE alledyy 38, a
polarizing plate 39 and a sapphire substrate 40 are interposed between the

di chr dloatidipl dubt ¢8n Pekupphessklqui d crystal panels 14, 15 and 16, and these
conponents are integrated with each other in a bonded state. Furthernore,

f or anot hep L0 |0 hown in FIG.9, copstruction_can pe
consi der ed EHEH%Eh‘%&%ﬁl%ﬁggg&iqailpgﬁ &Apd eﬁpgtsjéigegfel(ffcg tH? sUpcaue ghMQUndingst r at e
42, a | arj zi ng pl at 3 and a, second sapphire substrate 44 are
i nter Hb@ﬁ&“@?ﬂ@gﬂ panels 314@ Apoind éﬁitgrﬂlgshgﬁww peisim @3i. dFor pxamplpasel s 14,
15 and 16, and these conponents are integrated with each other in a bonded
st at eshewndn i G. Veh ponstsuctionan be Ebizidéfed in2HaiNayh 208 ffefdn@ slansig,ucti on
‘can be also considered in that a first sapphire substrate 45, ‘a phase
a sapphire substrate 36 and a polarizing plate 37 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. 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,




di-fference plate 46, a polarizing plate 47 and a second sapphire substrate
48 are interposed between the dichroic prism23 and the liquid crystal
panels 14, 15 and 16, and these conponents are i ntegrat ez WiayB08&ch ot her
in a bonded state. In the exanples of the integrated construction shown in
FIG 9 and FIG 10, degrees of freedomfor designing are increased,
-furthernore, it becones easy to promiuce a bonded construction. In

addi tion, the conponents are bonded separately, and glass, sapphire or the

li ke FRonkfutiibaldan BOARedcd e inVagoh $hst Sshpstave subktradé U5Sh pHase
construction exanples, the heat pipe and the Peltier cooling conmponent are

to be ast ower 410 to ef Lve.Ri.xel speriphery
and AIEIBREY el Y Bolfiink el 92, B0 4 EEhad RabBilsk BoRlepR Bt bed
above, the polarizing (P'l ate and the phase, difference plate can be heating
sour ckderppsed bebvecn the dichraie psisnng3 end she Banideysial pasels 19ubs andilds

bet ween the dichroic prismand the liquid crystal panels so as to

i nt egaad théseecongpenvearis apg irdegnat¢dwitteeacl ethenin hibpnddd staist al  panel s,
cooling ability is increased and thus reliability of the conponent is

i ncreased. yfFpd éﬁmpfe@mh&qnﬂﬂﬁgmd cbaStrRebs sBbRBSin oG Pahd 96,30,

i nt erposed between " optical coffponent substrates such as the polariZing
pl at e hase difference plate. etc.. so as to.unify heat conductivity.
D +eATee8 SEIEARUR R B finacke.inefhsBd; birebimdra ¥ becaBey By b in
conductive film (I TO film_ for exanple) having good heat 2 conductivity is
‘used, Peslucpab eustvetion: y adddition the sempanents aredrassled separagelys h
enbodi ment of the liquid crystal projector device according to the '27 My
2005 arkP glassesdppiriraromtive like raaydectinbiéyl bontbd théeten dNeddicwrtavdaygsn

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




- This liquid crystal projector device is also constructed, in the sane
manner as one described in the first to third enbodinents, in that the
respective liquid crystal panels 14, 15 and 16 are nountZdMen20065ee |i ght
i ncident planes of the dichroic prism 23 in a bonded state as shown in
FIG 11. Wth this structure, the dichroic prism23 and the respective
liquid crystal panels 14, 15 and 16 2¥e integrated with each other.
Hereinafter, a specific construction of nounting the liquid crystal panels

14, ifveandnlfowavilhbe desdrtidowithi referdncavtd drdweingescribed with the liquid
crystal panel 16 shown in FIG 12 used as an exanple. Between the dichroic

prism 23 a‘ﬁ’ll# ﬁg S&’gkﬁll dj éé@)‘r JeAfe! i Ja‘?so E&%tﬂfﬁ%e tlﬁ'tﬂé’sar%?]:{x&xfeq and the

t ranspar ent are |n erpose ranspare

substrate 27 _to, be us in |rrent js desira of subs rate
mat or PBE deSeedhin g 318 thirg cameesin 1pRens, moﬁhaeﬁmﬂsg, §ﬂiﬂ%dsc

VWycol, ZerodurR, Ten-packs glass or the |ike. Incident aII S

‘desi rpdnilelstlé ﬁlSandalt@amansuﬂtadlomghm light inicalene ptanesiofithe dichrbie prigmri al  of
the transparent glass. substrate 27. On the light incident side of the

L1 qui 9364 )isﬁo‘ﬁdeﬁaéﬂ@ﬂe as&holvfin FIRE. 1hewitlléhis @RReRirk StHelibhfoi8ipeRnPRs prism
23, a dust-free plate 28 is dlsposed The dust-free’ plate 28 is nade of
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pol.ari zing_pl ate_26, the fransparent glass substr te 27 and the dust-free

plate 28 a f‘ﬁﬁﬂﬁ@écﬁ eci %%P&ﬁ@ﬁt&ﬂ f grauntng ﬁrf’fﬂ’ﬁ’@ @@Eﬁgoﬁt prism
23, together '27 May 2005 23 with the liquid crystal panel 16 in a manner
t hat 1hand 16 tarthe dickroiopdem 2% willihehdesacibed with the liquid crystal panel 16

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 traﬁsparent 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 ﬁade 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




other. That is, one plane of the polarizing plate 26 is in contact with the
l.ight 1ncidence plane of the dichroic prism23. The other plane of the

pol arizing plate 26 is in contact with one plane of the 27 Mag28p2nt gl ass
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 imxontact wwth one plane of the

- dust - free plate 28. In addition, the dichroic prism23, the polarizing

pl at hE*lR;f ﬁ%f‘fd@ﬁwdﬂel%%sﬂ manAst fhak helr planes akd fiucohiacywithlcaphnel 16
and t ust ree plate 28 are bonded to each other with use of a

has < zzmﬁahﬁi'#ﬁg@%ﬁfiﬁ%@?ﬁ%ﬁ%@é 26" Fol 28 89 fea?.t AT 8 AR i
; v
s nincidsncecplaniof Ghe didhapic pram Spbhaedhanrie pEiicpdhtig nog: face

reflection) at contact interfaces between conponents. For resin to be used

as t hig jndiieshotewithand planeeasf the trarssparort glass subseatex®7. (s plansidfithon resin
or the like is enployed, for exanple. Further, a silicon gel, oil or the

ik |
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Vi ng |gh at conductivity is’interposed
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panel 16 and the dichroic ism23 to the low extent. Further, it is
possiplase of the dtllﬁefmalla@ef%r ated at the liquid crystal panel 16 is sucked
by the transparent glass '27 May 2005 24 substrate 27, and this sucked
heat ‘i s diIf adgdidonf fheclielmtdiy pfisor23 the pokariziag phite 3bathe transparent 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, urethaﬁe 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




substrate 27 and the dichroic prism23. In this regard, the other liquid
crystal panels 14 and 15 al so have the sanme function. As a result, the
liquid crystal panels 14, 15 and 16 are cool ed effici ent|'g7 Wayl2005 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 and416 w thout cooling the |liquid crystal
panels with use of a fan as |like the conventional nmanner. Further, in

r egar substratee2 B tandcthis sudkedrhéattis cifsed effidichilgyishn MesiR aP@rﬁ%lﬁssM’ 15
and 16 is nounted to the dichroic prism23 with' the transparpent ass

subst ' I e A o5si ble t.o be applied o a
nmanuf g@?ﬁf%ﬁgz ﬁéﬁog |gh£é¥§8§gﬁgﬁgl Etrlagﬁstrég%@’ ﬁfeq&h&rwé‘f%ﬁ rPé‘PEfSare

f ormed ,on ass substrate_havjng | arge dianmeter, and then the gl ass
subst iﬁtaé“fp g[?@ V&n@eéanﬁr@m'&nm ned |ine, thereby sinultaneously
“obtaining the plurality of the liquid crystal panels divided into pieces.

A fifth emfsdd result, thie tigeid cuystal panghst B, 15 md:t6 are dovledeefictmiti witht o t he
i nvention now will be described with reference to FIG 13 and FIG 14. In

this tieWiciroientind 3HAiRE hdorgdSat QapdeibPESId 4Ca EOBRNE ngﬂ.%mg% jfiRuNt i ng

the liquid crystal panels 714, "15 and 16 t'o the r ol I'sm wll be
descrj ] - Qi d .16 used an ex le.in the sane
ranncPOSEot fobleEicl et 6¢ BpeRdauemperdfhae'of i RaBiitsfal phnelsl a; o
26,. t anspar en | ass. .substrate 27, the |liquid crystal panel 16 and

t he dﬂ%{ ﬁ Ag ﬁ‘é(ﬂfilog‘écaﬁ?hngéﬁabaui@%ﬂ nansls wikh wseuef a'fag amdiketbes 25
of an adhesive. The liquid crystal panel 16 is nounted to the dichroic

pri sne@s/dntional manner. Further, in regard to the structure in which each 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




det achabl e manner by a contact bonding nmethod. Mre 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 canMag 2005ned in
an integrated manner with a chassis portion of the liquid crystal projector
device. Each supporting nenber 130 is a |long L-shaped plate, and desirably
made of nmetal nmaterials having high,heat conductivity, for exanple,
~alumnum iron steel, or the like. Screw holes HL to H3, eight holes in

total, j.d | [t . I 3Q c espaondi ng.t.0 the
mount Oh %hgdodsﬂe? ?"'c? n e@?é pﬂéﬁ?@ﬁfﬁg%@wg?@#@gﬁ'@éﬁé} ﬂ%@{qbrqlﬁ@ 1550 %3 Mpborting
-menbers 130, Two screw holes H9 and H10 are provided in the base plate
129. ab%“@@ﬂ@b\ﬁﬁ@l%%ta@t@%ﬂgﬂlﬂbpés HL to H4 are used for fixing
the liquid crystal panel 16 to the dichroic prism 23 by contact bonding. On

the ot her Marespecifecabyr, suppoiting mbniberdi830 kgt miskdHiFoar eomeedof Pbase
adjusting the nounting position of the liquid crystal panel 16 in a

| at er 11neGk] ' hh di ' ' | wvertical
i r oty A 2P 6% planf shap bbbz iTHEN SO BlAR 120 onith tdrhehT
direction, i.e..,. in an anrrow,Q directiondn ElG..14. In the case where the
i qui 80 dPtegraftd maBnd Wi  Sdstis pofioR ki de digid Srystel mrosstar devigse. of

t he base plate 129 and the four supporting menbers 130 constructed as the
above! afchrsgppgu,’tmg@emwﬂ&(blsmleosagnﬁghase pldecandhdegirably deads of metal

posi tion on the base plate 129 and then fixed. Fixing the dichroic prism

23 i snpefialsrtenvig higl hvhy c@dictivity, fonexkagpléiealoaiihom, fifmesekl, tdetheel evant

di chroic prism 23 on the upper face of the
like.

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 located at a predetermined position on

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




base plate 129 through an adhesive. Accordingly, the dichroic prism23 is
di sposed w thin the space surrounded by the four supporting nenbers 130.
*Next, an integrated parts which is constructed by bondi ng21 May@0Dari zi ng
~plate .26, the transparent glass substrate 27, the liquid crystal panel 16
and dust-free plate 28 to each other is disposed close to the |ight

I nci dent plane of the dichroic pris 3. Inthis case, the integrated
parts described above is assenbled fromabove with the transparent gl ass

subst p : ' t n . SUPPOrt. n mhers 30 i ch, .have the
ei ght bg)(g:lraé B%f{]gg{t{zﬁid{ag:%%ﬁggégﬁgﬁ%@}ﬁf%g}wﬁfg)gr@%qp@eé agq ot ey ar e
di spogsed in a_state of oppgsing to each other wth predetern ned openi ngs

i nt er E’ag%araté ﬂiﬁﬁgrwgih@n adhesiget Aqcopdinghy, the dichreumprismt23 Bajispededh i s

ot her than an effective pixel region outside the liquid crystal panel 16.

The f euithinadhewphot serrbinded b§ the foudsgyuatdgimembsial30.0f opposing to each
ot her through predeterm ned openings on the sides of the transparent gl ass

substrate The: [ ' e of
opposi ng-t 3 SLht BPEIAC] PiRIAeh FeRRenidn By %Pﬁéiﬁﬁa%?ééé@%@g:%f%ss |
substratg 27. Then re I .19-,S10 are, screwed i t he screw es H to
HL0, 2By clipRRatent gl %@@%{ﬁ%&?r ﬂf‘be figid Ryl Pﬁ@%ﬁé andl gastree plate; qui d
crystal panel 16 is adjusted by rotating the screws Si to S10 _
appr ogfitacach othaids dispesed slosedo tholightincidensplanweaf thetdickieoéc prispc2d.i ng
menbers 130 in advance in the step prior to fixing the dichroic prism 23,
or i nlt Heisstasp theiiategratedmerst dasgribed dbuvedis aissembiyd Gohnshowt Wath fhe ' 27
May 2005 27 liquid crystal panel 16.
transparent glass substrate 27 inserted between the two supporting members 30 which
- have the eight screw holes H1 to H8. Accordingly, the 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 predetermined openings on the
sides of the transparent glass substrate 27. The two screw holes H9 and H10 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




The positioning adjustnment of the liquid crystal panel 16 is perforned
while watching the inage actually shown on a screen. In regard to the
procedure for the adjustnent, firstly, the screws Si to SMap20685 screwed
into the four screw holes H to H4 are brought into contact with the front
of the transparent glass substrate 27, and the transparent glass substrate

. 27 1s pressed lightly toward the dic J}OiC prism 23 side by pressing

"~ pressure given by the screws Si to . Accordingly, the polarizing plate
- 26 is.pressed. lJghtl gainst the light incidence plane of the dichroic

Cpri sn#%é‘:ﬁf:ﬁ'sttﬂi&anegme, when the screws S5 to S8, S9 and S10 are rotat ed,
the position of the transparent glass substrate 27 is changed in

accor dance Rhiet positiening adjustmentefcthiediquid angstahpansdréespafometdiibdles of
the respective screws, and the position of the liquid crystal panel 16 is

al so whachiag the imagenntialdy shoheO6Rtl segeell, t Th Pé%r& ?@@H@Pro%%wf fhe the
I the dic

nmounti ng position of the liquid crystal pane agai ns roic

pris £ . adl ' | ust Lm.various direct,jqns,, n other
for do e ERnE TRl s 3rekh S5 OIS ok B IR SamEacr Gy el ' ©
adjusiﬁg iq?the | at er al direpéign, l.e., in the arrow X direction in FIG
14 byHotrghrogeht poLoniaet vaith the fromt 96 the planspancyt glass substrater27, bnd
rotating the screws S9 and S10 appropriately, the nounting position of the

| i qui thectrymsparenigless substrate B2 ispiessedlightly tawerdutedickaoidprisst 23sidei - €.
in.the arrow Y direction in FIG 14. Further, by rotating the screws S5 to

S8, anek i ' N E f kG4 rystal
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panel 1 ed in the rotation direction>"l ) _ _ 0
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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 0 direction




I mcidentally, if the nmounting position of the liquid crystal panel 16 can
be adjusted in the lateral direction, vertical direction and rotation
direction, the nunmber of screws and screw holes may be s2i MaylD0Sarily. In
~addition, if the liquid crystal panel 16 is nounted in a bonded state on

t he plane of light incidence of the dichroic prism23 through the

pol arizing plate 26 and the transpargnt glass substrate 27, it is possible
to highly accurately determ ne the position of the panel in the light axis

di v echl PIG! 1u {481 B 18R athin G biépadaiied. Lhe, di chrol c prism

23. Thus, it ’ becofes unnecessar 0 adjust the panel position in the |ight
axis direcion. |l Ition, it alsa bec s,.unnecessary t | ust the
paral | el i siﬂcﬂ)‘#e‘?tﬁgy piﬂﬂw gyuining P%aoﬁl g%o]f‘q}q ﬁ{ysl?ﬂcﬁlﬂ@ic@d %f’?“ bﬁe
dichroic prism23. As described above, after adjusting the nounting

posi tadjuststl inibe latgral dirocjionavertisahdirecBonand rolajigrddigegtion thp anaibe16 i s
fixed . to the dichroic prism23 together with the transparent glass

- substops@reds and séreht ﬁald%gmlag Behsetsabvardy. t In dditlon, tibtse H?ﬁﬁl ciyleil
transparent glass substrate 27 may be fixéd by the screws SI to W th use

scr enl A is HaBH sh bor i i on e b 3¢ e JECRReCof e Uibhecie
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panel 16, which is caused by | ooseness of the screws or the like. In a
case pissildertg higblypackunately daterminer the posipant of theepaaeltini therlghtfaxised and
fixed including the packing. 27 May 2005 29 As described above, the
| i qui diredtint Al therak@etD dirdetibs én PG di dpaing thOdidhrbidprism 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, the part is reinforced and fixed

including the packing.




enmbodi nent of the invention is constructed in that the liquid crystal panel
16. is mounted in a detachable manner to the dichroic prism 23 by the
contact bonding nethod using screws. Therefore, replacenthMagf2006nponents
or the like can be easily <carried out. Accordingly, even when sone

I nconveni ence occurs to the liquid crystal panels for exanple, it is
possible to deal with replacenent of ,5he troubled parts or restoring of
the liquid crystal panels easily. Inaddition, the integrated parts

he 11 qui o o steCaRbIE 1RO URLRY Fsilpiecrtl JPORE oofliado tr Rkl y "
bonded t.o t.he dichroic prism, 23.through an adhesive. Therefore, it becones
easy tHHEICHtoidhgmysptaR isconstrystashin shasr heekiquidneystal pared, 16 is

becones easy to maintain clean environment, thereby effectively

r est r anonuntgd ipfaidetaghdbiustanhico o gen dictiroi® PriEﬂf DBy theh€ohta8bEndingst 2l
projector device conprises a position adjustnent function for adjusSting

e TahbNasIARIcHeRS, PhetdBrd tabhEenbNPbAomAREt il of HE B Fibe Sy,

posi tion betweén the three Crys pan e

adj us . r and. easi | Accordingly, .it beconmes possible to

nar bRttt Aokl " Whot SR G Cliveniencs qaspreiue Mg cosial
screen, thereby forming a fine image. Incidentally, a method of fixing the
| i qui BaRely JOREXpEpdesit 19 possiblnte deal withhreplatieatendiof the itrout?ad iparisasr
limted to the aforementioned nethod of contact bonding using the screws.
For esestuling oft thes lppadi dalystal opsmals asasilye fTal h@diition Qﬁedinmgfa?eh Y2005

30 method. The bonding nefhod is constricted in thaf; the tfansparent gl ass
subst é@istituted by the polarizing plate 26, the transparent glass substrate 27, the liquid
cfystal 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 aforementioned method of contact bonding

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




27-is pressed together with the polarizing plate 26 on the plane of I|ight

I nci dence of the dichroic prism23 through a adhesive layer, which is in a
non--hardened state or in a half-hardened state; then, in217May28Date, the
position of the panels is adjusted in the above-described manner; after
“that, the panels are fixed by conpletely hardening (pernmanent hardening)

t he adhesive layer. In the aforenent %@ned enbodi nents according to the

i nvention, exanples have been described with the invention applied to the

liquid c tal, projector devjce. However, the invention can be_applied not
only ?‘6"*%@ ?f‘&ﬁﬁaﬁ&wﬂ%aw&wc mcthat;fhe teanspareat ghassewbsirate i qui d
crystal display device enploying a structure in which a liquid crystal
panel 27dis giregsedeageihea with ther paliiriapippplatg 26 onathp lpdaee of lighghicidemiedghce  of
a prism In this case, advantages simlar to ones in the case where the

i nventhedidlgoiepRmes tirolpk aad(ﬂfeﬁiwﬂl_a}y_@f‘,%lgsch% il aﬁg%i%hgibde%ai stsikQr device

can be obtained. Industrial Applicability descr ove, according to
the i kO L QLA re I ngl s are nted in an.adheted manner
o' nd EPalZBardcRE sl o ML st B hfitfon SR ol s QU NI Y thech
other. Then, thjs integrated structure is forcibly cooled statically by
cool i ﬁboﬁ%@%?f?il\% SR 956{ Hiat) thepanels yase fixedhp complataly hasdewiag
efficiently wthout any trouble caused by fan noise or a raise of dust. In

addi t (permanepsd hardening) theeadhesbretfagar. the |iquid crystal panels are nmounted
'27 May 2005 31 on the plane of light incidence of the prismthrough the

t r anspar enln gidifbrahenticnddnbdisete abc AN G thY ventidn2Bx ALBRIGAvERNNer
and integrated with each other. ’
- 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




"Aeccordingly, the liquid crystal panels can be cooled efficiently w thout
any trouble -caused by fan noise or a raise of dust. By applying the
invention to the liquid crystal projector device using tHh& Magabab crystal
panels for the liquid crystal light valves, it becones possible for the
device to project fine inages on a screen under very qui et use
environment. In addition, a coolingeffect to the liquid crystal panels is
i ncreased by the integrated construction wth the prism Therefore, the

Tornr pagf bﬁﬁﬁecﬁﬂeéﬁnﬁ%@de?’?g LI hﬁ§ﬁrt’ﬁ§‘5@%§ R Gl SehR e
1 ni he.l] d I d . by.
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is possible to suppress the operation tenperature of the |liquid crystal
panel Accordingly, dhe diquichcrystal paneds cambgicooter ¢fihiently widlbutznyMeguldoos
"CLAIMS 1. Aliquid crystal display device, nmounting a |iquid crystal panel

on a Ligded by ﬂﬁig@'@é oPladage0hf duddr i smin an adhered state so as to
irntegrate thHe panel with the prism conprising cooling neans forcedly

Componant “@f}” ﬂ%ﬂi@g@“ﬁ?@mﬁ%‘g fie lghisctasge B?IQE %‘@%&Méwﬂjtli%%ﬁ§°i i
1"} neeisploang cior gt Reuid G el valSS: X becomen pAGuNG fd (HF HEHERAA (he

l'iquid crystal panel, and integrating the relevant prismwth the relevant
| i qui prajegtsfiné ipages on% sdieendevd ereverycquidt nge eavidoament, Innsddifosj ag a
transparent glass substrate

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 suppress the

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

reliability.




between the prismand the liquid crystal panel, and integrating the
rel.evant prismwith the relevant liquid crystal panel. 4. The device
according to claim1, bonding the prigmto the Iiquid cry3tiMby gétel by
means of an adhesive. 5. The device according to claim4, wherein the
adhesive is transparent and made of resin having the substantially sane
refractive index as one of a material of the prism 6. Aliquid crystal
proj ector device, nounting a liquid crystal |ight valve on a |light
incident plane of a prismin a bondddAft&te so as to integrate the val ve
with the prism conprising cooling means for forcedly cooling the

cool tng comporiiid sy SR il oisel el SRl 1 1 B, G0"

means into contact with the bottomface of the prism 7. The device

accor digjders pleng o & prigm igrgroadbegedistatepa aselio intagpatadhe pad sriththe prisenneen

t he pr| smand the liquid crystal light valve, and integrating the relevant
prism chdph 1si dcﬂi @BAnd fortidly eoymi@thd mgégtraﬁéalsﬁacu@e sthfigalf\e\inge
according to ai m , inter p05| ng a transparent glass substrdte between

t he prlsmadthe idcr ht, val ve, and i t rat n evant
br s i hBrREHieGt BELRT cPpis Bowpp B orfh B i ot BoBPash hedsiglcet fie
according to claim6, bonding the prismto the liquid crystal light valve

by neaneonganmaﬂhﬂemewClﬁﬂhﬁheboﬁonnﬁmacﬁmh@pngnto claim9, wherein the
adhesive is transparent and nmade
2. The device according to claim 1, 1nterposmg an optical component substrate
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




of resin having the substantially sane refractive index as one of a
material of the prism 11. A nethod of cooling a panel, nounting a |liquid
crystal panel on a light incident plape of a prismin aboMded08iate so as
to integrate the panel with the prisni and forcedly cooling the integrated
structure statically by bringing a Peltier cooling conmponent or a heat

pi pe, or both as a heat sink of the cooling neans into contact wwth the
bottom face of the prism 12. A liquid crystal display device, nounting a

liquid crystainghang Peltfer RBoEHP ROHipoRent (ﬁﬂﬁﬁﬁt?yiﬁ)é} ot v ged hehidigk afghd N a
det achabl e manner on a light 1ncident plane o prismthrough a

transparent substrate having,hi eat ~con tivwity. 34 '27 May 2005 13.
The degPaane Elanyg coutiet S b8 BolGRtRS e BMR one i nter f ace. bet ween
the prism the transparent substrate and the liquid crystal panel by neans

of an ddhesilhe. devide aTeerditg txelanc by ditarposing hnioptica] componest supstrate
position adjustnent function of adjusting a nounting position of the

AUl d petwedhoRHNSh and The KGGidARYLEPLBRCAI0E M Pt edriffl o rlERlR pishi1e

transparent substrate 1s an opti tal onponent substrate or a gla

substrat.e. .16. The devi.ce according to claim 13, wherein the adhesive is
transp%lﬁhfheéﬁkfvﬁﬁhgqu@fcwsgéli el ¥ the substantially sane refractive

i ndex as one of the prism the transparent substrate and the |iquid
cryst ald. pan@lhe d&vicé ddcqrdidg ctoy stakin pr apecparinglev itr@sparenntglasy substigte d
crystal panel using supporting nenbers in a bonded state and in a

et ach AR WO LSS0 08 B4 g Al pris
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.




18. The device according to claim 17, bonding at | east one interface
between the prism the transparent substrate and the liquid crystal panel
by means of an adhesive. 19. The devihkge according to cl a@nhMbdy2008npri sing
a position adjustnent function of adjusting a nmounting position of the
liquid crystal panel. 20. The device according to claim17, wherein the
transparent substrate is an optical conponent substrate or a gl ass
substrate. 21. The device according to claim 18, wherein the adhesive is

t ranspadent Hrddewide acodrdires ton claami h2), bdreding tas tleast ioak|iytesfine betfveac they e

i ndex as one of the prism the transparent substrate and the liquid

crystal : | e, nting a
1 i d PERgEiny tbepgfént Bbetitand the ol c¥aPbaf By il SRERIMARAT 0O,
det achabl e manner .on a light incident plane of a _prismthrough a.
transpadient Kepdevies acqesdingdorrlaim heatorBprsine @ Rasityon a@sasmt?fﬁgctﬂmof
liquid crystal panel. (12) 14tAt A- O [ : ; - : 5 WC At*It mv . It! N

127 I\/B)adﬁ%g(al&'oumiﬁg Fosition of the liquid crystal panel.
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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 claim 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 substantialiy same refractive index as one of the prism, the

transparent substrate and the liquid crystal panel.
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{57) Abstract: A liguid crystal projector device using a liquid crystal panel. This device comprises a
liquid crystal panel (16) sealingly integrally attached 1o the light incident surface of a dichroic prism (23)
consisling of & polyhedron, and a heat sink (29} and a heat pipe {31) which are used Tor statically Jorce-
g fully cooling the integrated structure. The liquid crystal projector device having this arrangement will
efficiently cool the liquid crystal panel without involving failures cavsed by fan noise and curling up of
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