';e3ecc44ff6T; 1 DESCRI PTION Liquid Crystal Display Device and Liquid
Crystal Projector Device Technical Field The present invention relates to a
liquid crystal display device and a liquid crystal projector device, and
further to a panel cooling method. Background Art In these days, a quui4::>
crystal projector device using a liquid crystal panel as a liquid crystal

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

proj ector device, there are mainly considered a data projector device
configured for a personal conputer, a front projector device configured for
a honme theater; and further, there is considered a rear projector device
configured for a rear projecti onDESGRIBTHAN The |iquid crystal projector
device is roughly divided into two types, that is, a single-panel type

whi ch UsimidOrystdl Displug Devite ghld DMalidCrystaliPebjectps Dvipanel ) with col or
filters of three colors, i.e., R (red), (green) and B (blue), and a

t hr ee- panel type which uses three nonochronme liquid crystal |ight valves
(l'iquid crystal panels) for three optical paths of R G and B,

respecttviéﬁ. }pe(tiquid crystal projector device is divided into whether a
t ransmi seghiicalB3gldss “proj ector or a reflection type of projector, depending
on whether the liquid crystal |ight valve which is a center of the |liguid

2 liquid cryFhelpreseitdoventiorevelates to aliquidprystal displayrideviesnand atliquidy pe
of reflection. Here, an optical systemof a three-panel transm ssion type

of i quérgstal psdjettoprdelvecy, anddanhestd a paasbtooléh@ehethiod. that: liquid crystal
|l i ght valves, each corresponding to each color of R, G and B, are disposed -

on three light incident planes of a polyhedral dichroic prism(cross prismn
in a state of opposing to one another; and R-light, GIlight and B-1ight,
each transmtted through the corresponding liquid crystal

ﬁackgroungArt J P gt Y

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
further, there is considered a rear projector device configured for a rear projectioﬁ
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 crystal 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 valves (liquid crystal panels) for
three optical paths 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
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“l'ight valve, are synthesized by neans of the dichroic prismand irradiated
into a projection lens. At that tine, each liquid crystal |ight valve
generates heat owing to absorption of light or the Iike. Therefore, th
tenperature at the tine of operation (will be referred to as operatio \
tenperature, hereinafter) increases. On the other hand, in the liquid -
crystal light valve, organic matter is used for not only the liquid crystal
itself but also an orientation |ayer, a seal portion, a polarizing plate, a
phase difference plate and the like. I addition, organic matter is al so
used for a flattening filmand the Iike on a thin filmtransistor (TFT).

Ther ef ofjgy; i i ghAghRslomoofhertgbe afirtflegtiomi ng t o
Ilﬁlgll(% glﬁgga}lgﬁé%éﬁﬁf‘dé‘@lcéﬁsﬂ?@ ped6tt tgb

i ncreasi e or Increasindg quantity of light. For this reason, an
air-cooling t hod using,a fan d L, QUi Wl i | drGdth A
have been pr &{56&efil é’é’t‘ﬁ}rﬁyw&m g? %@HP%’&%@L@IB%%@ %5&?? grﬂqig%tdrg%{?ve
(liquid crystal panel). In the air-cooling nethod, the liquid erystal .I'ight
val ve i prajectoed dbyiceotiat coygstaueted suchsthas: rlagnidi crysfak Haght; d’&f r Gagh,
light valve. In the liquid-cooling nethod, the liquid crystal |ight valve.

i s cool ggrre¥pdHidingitdgackebictdf R,3G ahd B,dre dtsPosemtmdlrewilightinm'del‘ltqﬂanles
crystal Iighl? val ve. However, in the air-cooling nethod, there have been

aust 11 L8 PO Al g B RO, p PR i S C UL B R o8 e
ti Sacvakhbt G-Hahs aud B-1ghhearhiansmifed ByabdRif costBpodfle SauHer ol

cooling liquid is influenced by environmental tenperature ar oau,n%éi he panel .
Ther ef ollight cadve, nareesynsbesized ity meansnes thendichroicrpristaeans igadiaieg Wtpa 5
problemin that sufficient cooling effect is not easily obtained. In

parti Cuk)%"ecﬁﬁntlEﬁs.di stance between optical nmenbers beconmes short owing to
m ni aturi ZJI ng, the environnental tenperature increases accordingly. Ow ng

to the i . ¢ i i ¢ d
o 1 omar kabi ot gl Ul aCHRGLR dhrat ARG Bead OWIrG ATROrp
In the fut , with th f hancj high | um i it
of i maged et ob i ke o TBERTDEncRs FEmaTatte gt Ho et Opfaridhitan it
pi xel density of the liquid crystal |ight valve (liquid lgég t%gg&qgh&’ and

densi t y referrpditotdstoperation d¢mperatiutes hereinafier)increnses. O ¢ ve
wi Il be increased. Accordingly, there has been a trend in that the.

oper at i Cm;c}}iﬁ fa?%ital HBRt Ohlvieh Orgaruimatteristused foghot onlyvtheiliquidasystal itself he
ot her hantd, mmniaturization of the liquid crystal |ight valve (panel size)

wll b e&%yq’?a&s%agf%&igmﬁﬁmw%ré%e&lgfbxﬁﬁn?é%ﬁr% Eltte,iaggga;@éﬂﬁf@tfenbbplate

oper at i are wl accelerated. In thoSe ca t he conventi onal
air-coolin thod or,|.i.quid cooling, nethod ca i Nes ture
of t he. 1angiihg 195e, docaddifigh SréaRic TRy P el aoks HERENPle i Sn SHPRLE
will be further difficult to retain reliability . .

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



"ther'eof. Disclosure of the Invention An object of the present invention is
to provide a new liquid crystal. display device and |iquid crystal

proj ector device, which can solve the problens that the above-nentioned
conventional device has. Another object of the invention is to provide a
liquid crystal display 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. Still another object of the
invention is to provide a liquid crystal display device and a |iquid
crystal projector device, which can efficiently cool a structure including

a | i quilghfRYaiGton@Rewitlpihe ligwidnayseal ighhodlvef cooling a panel of the
liquid crystal panel. Aliquid cryStal display device according to the

B R B
Ut ] calaiges #He BEnaued dy, sottions & thy tha,PE cluak e i 15 HAIS-Foekies on
mounts a liquid crystal panel on a light incident plane of a prismin a
bonded mtttiod, dig neotsarptedispose pdigaid-coolinglwentrinemroand theliquid grys@bl s
this integrated structure statically by cooling
light valve, which disadvantages in regard to miniaturizing. In addition, temperature
of cooling liquid is influenced by environmental temperature around the panel.
Therefore, cooling effect easily becomes uneven. Furthermore, there is a problem in
that sufficient cooling effect is not easily obtained. In particular, as the distance
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 va]ve
increases. On the 6ther hand, miniatﬁrization of the liquid crystal light valve (panel
size) will be improved. Therefore, 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 the liquid crystal light



*'5 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 regard to the liquid crystal projector device using a

liquid crystal panel as its liquid crystal light valve, if the sane
construction as the above is adopted, it becones possible to cool the
liquid crystal |ight valve efficiently without bringing any trouble caused

by fan noise or floating dust. Further, the liquid crystal display device
and the liquid crystal projector devicé according to the invention nount a
liquid crystal panel in a bonded state on the light incident plane of the

pri sm t{|Qeghom ihERASHA A morb o Maeittvaill bofintldr diéficule cnrktaim relinbilityd
integrate the panel with the prism In the liquid crystal display device
and the lié@gd crystal projector device according to the invention, a
l'iquid § | panel is mounted in a bonded state on the |ight incident

pl ane of the prismthrough a transparent substrate having hi gh heat
conductivity and integrated with the prism Accordingly, heat generated at
the liquid crystal panel is absorbed by the transparent substrate and the
absor beDistdesureoftheflnsentiby t he prism Thus, the liquid crystal panel is
efficiently cooled with the prismused as a cooling bath. Additional

o EECS o1 ! M SERETRE T AUt M i byl s

through the inve | e \ scription of
embod, nﬁgxtriscetfn&J ﬁqgﬁf %{}'fslfaeldpr%%&'op agew&, whith can solve the problems that the

above-mentioned conventional device has.

Another object of the invention is to provide a liquid crystal display device and
a liquid crystal projector device, which can prevent deterioration of its reliability
coming up with increase of temperature or increase of light quantity.

Still another object of the invention is to provide a liquid crystal display device
and a liquid crystal projector device, which can efficiently cool a structure inciuding
a liquid crystal panel, and further a method of cooling a panel of the liquid crystal
panel.

A liquid crystal display device according to the invention mounts a liquid
crystal panel on a light incident plane of a prism in an adhered state so as to integrate

the panel with the prism, and comprises cooling means forcedly cooljng the integrated
structufe statically. |

The liquid crystal display device according to the invention 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



*Brief Description of the Drawings FIG 1 is a schematic di agram show ng an
exanpl e of an optical system construction of a liquid crystal projector
devi-ce according to the invention; FIGS. 2A and 2B are di agrams show ng a
main part of a liquid crystal projector device according to a first

enbodi nent of the invention, FIG 2A being a side view thereof and FIG 2B
being a plan view thereof; FIG 3 is a cross-sectional view showng a nain
part of a construction of nmounting a liquid crystal panel and a
construction of cooling the sanme; FIG 54 is a side view show ng an exanpl e
of a main structure of a liquid crystal projector device according to a

second g{Handi PRiordinglysit bevermics possibleX® csal thediduid @rpstal panedefficiontly
expl aining a nodification of the second enbodi nent of the invention; FIG 6

is a pe(,,gﬁ]%%i \oth8 AR RSB BRURHATP Ef Abist JPABadE st t alldRidd, 4! d

crystal "proj ect} according a-third enbodi nent” of the invention;

FIG 7 is a_pl 1 ew, showi ng an exanpl e of a construct] of i ing a
pri sm wiegard tpﬁﬁ@;m“&# Feystal projegtor EF CedIsing Q(ilﬂué A Séé\f@%%ahgisg%i)‘@ﬁer
exanpl e of a construction of integrating the prismwth the liguid crystal
panel ; Ety@talolight ahlearif thewasteovonsiructiomns dhe abanplis asdfopiedohNGCBIGSON of

integrating the prismwith the liquid crystal panel;
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 proj ector device
according to the invention mount a liquid crystal panel in a bonded state on the light
incident plane of the prism through a transparent substrate having high heat
conductivity and integrate the panel with the prism.

In the liquid crystal display device and the liquid crystal projector device
according to the invention, a liquid crystal panel is mounted in a bonded state on th.e
light incident plane of the prism through a transparent substrate having high heat
conductivity and integrated with the prism. Accordingly, heat generated at the liquid
crystal panel is absorbed by the transparent substrate and the absorbed heat is diffused
by the prism. Thus, the liquid crystal panel is efficiently cooled with the prism used
as a cooling bath.

Additional objects of the invéntion and specific advantages which may be

obtained through the invention will be obvious further from the description of

embodiments to be described hereinafter.



"FIG 10 is a plan view showing still another exanple of a construction of
Integrating the prismwith the liquid crystal panel; FIG 11l is a plan view
showi ng an exanple of a main part structure of a liquid crystal projector
devi ce according to a fourth enbodi mrent of the invention; FIG 12 is a
.cross-sectional view showng a main part of a construction of nounting a
liquid crystal; FIG13 is a partially sectional view show ng a main
structure of a liquid crystal projector device according to a fifth

enbodi nent of the invention; and FIG 64 is an expl oded perspective di agram
showing a main structure of the liquid crystal projector device according

to the BﬁgfDegaﬁpﬁbﬂmftth@ﬁ)mb,&nggﬁvention. Best Mbde for Carrying Qut the
| nvention Hereinafter, enbodinments in which the invention is applied to,

for exanple, t hree; . 1.SSi vpe. L iQul r I ' tem
device w || %@'dislgr? %gﬁg#lﬁhgg@gg%ﬁﬁm %ﬁlége?%ﬁgghﬁgétﬁﬁggg?ﬁgg%ﬁ ng
drawings. FIG, 1 is schemati.c dj agram show ng .an exanple of an opti cal
syst em eanstructioa offa Eqpl‘g‘éﬁ}’&t"é ,p};g]teggor e ?69&6515 ﬁoeﬁ’teomm?t(‘,%ﬁt he
invention is applied. In FIG 1, alanp 1 is a light source of the liquid

crystal proj ElG8r2Aand@B atealiagrammshowingasnain paat ofpdiquigerysakprojeates t he
lanp 1. In a direction of outgoing light irradiated fromthe lanp 1, there

are di spased aéc&Miﬁgt(Z utfg@]i EmbbUifenPof g‘r?ljihgahﬁm’t Fm-aﬂﬁrbeﬁl% a sjd wiehzi ng

conver si on conponen Irst lens 5 first total reflection mrror

61ina {he uo%nénicf‘ F1G' Qﬁrbeing a plan view thereof;

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 of a 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. 8 is 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



'8 Meanwhile, in the direction of light reflected by the first total
reflection mrror 6, there are disposed a first dichroic mrror 7 and a
second total reflection mrror 8 in the 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
mrror 11 in the sequential order. Further, in the direction of |ight
reflected by the third total reflection mrror 11, there are disposed a
third lens 12 and a fourth total reflettion mirror 13 in the sequenti al
order. In the direction of light reflected by the second total reflection
mrror jtegratingwhe peisyswith thedifuid arystalipaiedy R (red) is disposed. In the
direction of Irght reflected by the second dichroic mnor 9, a liquid

crystal 1i 9Fjlﬁlc‘,’,aif’f’sbag/-ﬁltahgfi?gusg]t%ﬁﬁ;ﬁg)anie%rag?;fle%i;ﬁ%ai'ﬁ_tﬂdrhﬁfucthfe éfeligiidect i on

of light reflected tal ection mrror 13, a liquid

crystal light valve 16.for B ((blue) i.s di spgsed. haht Lheldent sides of
t he Iicﬁ!NGfgaJ:Py%leﬁmflcﬂedme gegapdng i 4 £0yy, C%O%ﬂﬁlgﬁgogpgyévgggggﬁ | enses
17,18 and 19, and further disposed polarizing plates 20, 21 anc‘i.{q%Z,

respect i vel yFIGFT2lis quitdssisgetionalpeiewi showinga iaamapart of @ eonsHuchign ek or s
(TFT) arranged in a matri x manner therein, can be used for the liquid

crystal mbiuﬁml valiMeRl drystald and 16. Hereinafter, a "liquid crystal |ight
val ve" w | bg referred to as a "liquid crystal panel” in the description.

i chrore. pri Eioo8 RETriiiE Bt dllVing RGN PROM Sridur ol AR o < i

the invention, and referred to a Cross pri The di chrgi;c prism 23 has

a pol yhpijegtor ﬁlém%aﬁcerémgﬁeaﬁﬁhcﬁa‘a@%%fﬁqb%‘&‘ﬁ"g@aéﬁﬂre construct ed

by bonding four prisns to each other. The dichroic prism23 has three |ight

i nci dent pl aFEG. a4ds anldxphoded penspectiveydiggiam showinga mayhﬁtm%meme

pl anes, the liquid crystal panels 14, 15 and 16 are dispoza?, respectively,

in a stghgi ' & adtdiging fnthiefthiemibodimead oAtheinvention, a

pol ari z?ﬁgl(g ?{g{e}ﬂﬁb@%ﬁlﬁgﬁ. In theg direction of light irradiated from

the dichroic prism23, a projection lens 25 is disposed. The projection

l ens 25 is constituted by conbined plural lenses, i.e. five to ten | enses

di sposed on_a copmon light _axis. . In an optical systemof the liquid crystal

pr o] ect BestiModefardrarrying Qut the IwenligBve white light irradiated fromthe

| anp 1 passes through the W-IR cut-off filter 2, the light integrator 3,

t he pol ari zi Hereimafterssmbodiongnts émwhich the mventiph ds aH’Iéllf‘éig 19, foy, s2into

the first total reflection mrror 6. And there, the incident .Iid%ht S,

ref | ect ggtesLiusfeRfrahalissicietype fiduiddrgstat prajectondevice weill beldestribedinaletaibf f
e

filter 2 cut's off ultraviolet rays and infrared rays, both included in the

i ght irr.adi r ol ight reflected by the first total
refl ect mﬂgﬁf%}geégﬁééggfé@@‘v@“& %@r‘#ellk.lgg't ed through or reflected by the
first dichroic mrror 7. That is, the first dichroi NN | gAY

R1ight to pdi&.rhi® & sehematic diggrag) 1SI19W&“$ &Y %qlgﬁlé-%gﬁig %Zth@% hél?’).g&me
R-1ight passed through the first dichroic mrror 7 is reflected ﬁ\é@g;e
second tstiuatureefladiguid arystalipsojegtoradayiettonvhichdbe invensiogns appligd, *and
the polarizing plate 20. After that, the passed light comes into the liquid
crystal pan@imp4-is a kghXouroe oftthe liguad erystalep@jectaridevicegHfon exarepleed by
the dichroic mrror 7 are selectively penetrated through or reflected by

the Seco”ﬂ&gijbgﬂggh{@%{o@‘gfi wes MPfanp 1 tlfl% &REQTGh 6f 6iigoirng lipht izradiatelll ows

t he B—IirB e mrror qtself and reflects the l'ight. The

T8 and. drempBedam hotsteats SBpossaco oL Q] FRF 2, BTG iGERtorR, 873

In addition, the B-light having penetrated the second dichroi¢c mrror 69
passes polarizing conversion component 4, a first lens 5 and a first total reflection mirror

in a sequential order.



"through the second lens 10 and cones into the third total reflection mrror
11. Then. the B-light is reflected substantially perpendicular by the third
total reflection mrror 11. Further, the B-light reflected by the third
total reflection mrror 11 passes through the third | ens 12 and cones into
the fourth total reflection mnor 13. Then the B-light is reflected
substantially perpendicularly by the fourth total reflection mrror 13.
After that, the B-1ight passes through the lens 19 and the polarizing plate
22, and then cones into the liquid crystal panel 16. As described above,
the light (white light) irradiated fromthe |lanp 1 is separated info R-, G
and B-1i ght Mednwhélesapthealiredtiongiflighs reflecied by Hie first tota eeflaclionanyigist al
panel s 14, 15 and 16, respectively. Thus, on each of the three liquid

crystale paoelate él;f'sr%)%éd%ri‘iirs&@iocflﬁ't rRirkér 7 #RdBde@hdtalaeflctrivgenipain®in n t he

col or cdrrespon to eac e panels 14,15 and 16. The optical inages

are forped on the |i.qui rystal. panglts .1 | 1.k he
quant | e spapRHET Qs Pho st iR pcie R T 0 A ARBS B i 87
Further, the R-, G and B-light having penetrated the |Liquid ¢ tal _panel s
14, 15 there as; dispoped ta sesiopd disheoicrmreny, aiserend depy ilgnwg.a twf%‘t ﬁ’éal
dichroic prism23, the R-, G and B-light incident fromthree different

di r ect i RfiRcAbHA nSiYForESinahd séquatial ordsen Fuather,dn ¢hogirection ofilight reflestad ut ed
by the R G and B. The optical imge generated in this manner is irradi ated

fromt I . J 4L adl gt f i L it P dndasfousth

thr oughhl%f hL"q‘E‘gﬁda‘;".‘%d‘lﬁg‘teﬁﬁngh f}%ﬁ' @Hé%%ﬁtaﬂgﬂlm ggd gél%g?llgn:’% o] tﬁe proj ection
| ens 25. The prqjectjon ns,.25 enl ar.ges the incident |ight (optical image)
i rradi alobdl Tﬁﬂ@ﬁﬁ@%@ﬂ?‘?ﬂiﬁ‘bthﬁrq%ﬂ@ §€hr oj ects the enl arged opti cal

i mage on a screen (not shown). Incidentally, the first, second.and jhird

| enses 5, 10 hntheldireotian ©f lightt rsflested byithe second tetabreflection RUITEI ih e sane
l ength. FIGS. 2A and 2B show an exanple of a main part of a construction of
the |i oyididdrystaplight vhletior fod & (red) aalispabedy In the dizeétiors of Eghbuiflested of
the invention? FIG 2A is a side view thereof, and FIG 2B is a plan view
t her eof, FE ' - bonak . \iie ' i rG Epis
const r J2Y t0F, ssFobd Aefie aTH BATaHuCHyE AT AIE LS RECD Erethy
enlarging. On the threg planes of li.ght .ingidenge in i ] {,sm 23,
as showdispased. G@.““i\ﬁraﬁﬂﬂ‘f, H{rﬁ%tl‘P‘F Qf HEgL}E rrﬁglf’ﬁﬁeagéyn Bf% %(?"ﬁ'tﬁl ﬁﬂg%ﬁi@ié{? e

. hounted in a bonded manner, respectively. By dojng so, tq§ 3iiR:oi%%§£ism
23 and tiirrok i1§uadiquigsrpstablight alva 161for Bhblue) isrdispogedyrQndightiing h
other. Further, a cooling neans is disposed around the dichroic prism 23 so

as to fgdeser hehRghid g stadlight eakeds 14] LS andd 6¢tirese ataudisgossd lenses E7.claint
dichroic prism23 and the liquid crystal panels 14,15 and 16 statically.

12 Her el pabeind AR hidridkel PBRITAAL pRAcO30,ud 7 rédifectivlyi AT Yiguid

panel s rorc prism23 and a structure of the

cooling neans will be descriped with the, | i o . : in
FG 3 aBeelqansls, casthRdng: B0 U faesigiom (EFD) BhDkP if Fifatrplmpaer
crystal panel 16, a polarizing plate 26 and a transpare(gi gh&ss. %i strate
27 are thereinycande uted for she fignaherystal dight yelvesdide 157and 16, dicrgn dire
gl ass having high heat conductivity or the like. On the light incident side
of the Miguidcaysat Bghpaable"1illibe refenedt toeas addiquidosrystal tpaneke iniithér oi
prism 23, "a dust-free plate 28 is disposed. The dust-free plate 28 is nade

of ¢l asg ﬁé}?ﬂtg&f a function to prevent dust existing on a light path from
meeti ng 1 cdl length of the projection lens 25 so as to defocus. On the

pl ane of light incidence in.,t j chroi rim.2 RicZ | e 26,
t he transpar tarﬁg@ks‘éﬂﬁg’ﬁ‘ﬁl%d]sygbeﬁﬂl}“fﬁ S&ﬂsqapg}set&ajg?%&lgé’ %@C@o"ﬁém ed
together with the liquid crystal panel 16 in a manner t,haé {heir, pl anes are
in” cont peism23 fis dispbsed.HEhe ditiwoid prism23 conatittes a pHemds the IYERLoN, 0 26
is in contact with the light incidence plane of the dichroic péli Sm§3zt?;d TEe
ot her pl ighnThe! 1i$m 28 hagatpatyhedral(herehgdranyand t he
transparrgir?t?regtgtsag%sogg#sﬁﬂgrg g??d%éﬂ]gogﬁne of thetplaiqaui d lc(rystal panel 16 is
in contact wwth the other plane of the transparent glass substrate 27, and
the other plane of the liquid crystal panel 16 is in contact wth one pl ane
of the dust-free plate 28. In addition, the dichroic prism 23, the

pol ari zing plate 26, the transparent gl ass substrate 27, the liquid crystal
panel 16 and the dust-free plate 28 are bonded to each



"13 other with use of a transparent adhesive made of ultraviol et hardening
resin. For the adhesive, it is desired to use resin which has substantially
t he 'same refractive index as the material of the dichroic prism23, for
exanple, resin of n = 1.4 to 1.6. The reason for that is to suppress |ight
reflection (interface reflection) at contact interfaces between conponents.
For resin to be used as the adhesive, acrylic resin, urethane resin, epoxy
resin, silicon resin or the like is enployed, for exanple. Further, a
silicon gel, oil or the like can be al%o enployed. On the bottom face of
the dichroic prism 23, a heat sink 29 is provided in a state of being in

cont act quadranghiariblotlostrictuees cdistrivted by bohdig fiour peismto enchadthant Ehe al
havi ng h| gh heat conductivity, for exanple, alum num The heat sink 29 has

Fooea QRSN ISR N Tt O
cryet al Nghhoncidensrpiangs e (idocprtlepanéls Ao a0 Ae 161 97 AR ouna
the panel - nounting portlon of the dichroic prism 23. The heat pipe 31
const i t mspectivelyatn @i stateodt opposing to rachother. Ludheilight dadipding.plage; an. on
t he upper portion side of the dichroic prism23, the heat pipe 31 is
polarizing plate 24 is bonded. :
In the direction of light irradiated from the dichroic prism 23, a projection lens
25 is disposed. The projection lens 25 is constituted by combined plural lenses, i.e.
five to 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 js
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 reﬂgctcd 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 polarizing plate 20. After that,

the passed light comes into the liquid crystal panel 14.



"di sposed in a state of being contact with the dichroic prism23 and the
transparent glass substrate 27. On the |ower portion side of the dichroic
prism 23, the heat pipe 31 is disposed in a state of being in contact with
not only the dichroic prism23 and the transparent glass substrate 27 but
also wth the heat sink 29. In regard to the heat 14 sink 29, the heat
pipe 31 is in contact with two parts of the inside corners which are forned
by the riser portion 30. In the structure descri bed above, when the liquid
crystal panel generates heat by absorBPng light, the heat is sucked and

di ffused by various heat transfer routes. As the various heat transfer
routes, the ©Oaolthewther hand,dbe £5-eand B-light ecflected bysthe dichmicemigati/naret o
the heat sink 29 via the dust-free plate 28; a route |leading to the heat

pi pe_ 31sdiEamdPpeheAnRANRISIbARTICHIRPLY The s&hnddichibie mixgor O, |5

absorbed by the heat pipe 3" wth air around the panel used as heating

medi um t cadi.ng to the heat  sSi . i a rent.

subst 418 SEPOht AIEBRME R TSRS B¢ BB 0 Debefiald B RN IP AR,

| eading to the heat pipe 31 fromthe heat sink 29; a route that the heat is
di f f us ekpflestsothenG-lght. f ThenGhight seflectiediby the seqand dichraic mHErOsShpasses
diffused into the air fromthe dust-free plate 28; and the like. In

par t i culhaouglatiedens 1§ ahd thidyolarizing plate 21,and domesines thetléquidargstal panel
nounted to the dichroic prism23 in a bonded state so that the heat
transfe{sarea between the two parties is secured widely. Further, the heat
pipe 31 1s drawn around the dichroic prism23. Therefore, it is possibleto
efficiently suck,.t.he heat .transferred fr he |iqud ry.st al el to

t he dichroi Cﬁmc&hpgéhgﬁ%ﬂ@?ﬁagm&pwté% }tlh%ge&ioglﬁocﬁcﬁgﬁp Hggrcfrﬁ@epa%ség
generated at the liquid crystal panel 16 is directly sucked, by the_ heat

pi pe 31throughths sacond lers bV and gomestinto the thixd total mﬁscuﬁamgmrehl- dhgss
substrate 27 having high heat conductivity is interposed between the

di chr oi thefB-lipht 2Srefledtddsubstaiitiallyoperpeadicadadly the. thitdeoedl oeflection nsirror
possi ble to suppress thermal resistance 15 between the liquid crystal

banel 11 apgthéie il B @teeAEcBAbS Ik thibd foth PRUFRKIiBA mirfol 11 Assed fiolpt

pipe 31 1Ts in cdntac ansparent glass substrate 27. T erore,

it is pessibl.e to,suck the hea ner.a at.-t he |iqgui ryst a [, .16 by
the tr aeaefen iS4 comes piPengRTRtaL S sk b matt S ERe AR e
heat by the heat pipe 31. In addition, the heat sink 29 is jn cgontact wth
the botisoieflestad substantiallx perpendienlonly2by she fonethniesal raflrction mirmos kbnt act
with the heat sink 29. Therefore, it is possible to suck the heat '

t r ansf eAfted thatpthetBrighit gadsds clirpaighlthe beisl 194nd thetpuladziny plate 22, axd th8nby
the heat sink 29, thereby efficiently sucking the sucked heat by the heat
pi pe 3leofies ﬁltqu?,'gl uid EFys't?lgHin‘él %gystal panel 16 is integrated with the

rge

di chroic prism 23 having-a eat capacity and forcedly cool ed

statically. Thu it 1S .possipl e, t f£1Gi L.y, e e [

t enperat ure @“‘f?&“i’Fﬂlﬂ V&r )}E? i}g@a@t’hltﬁglﬁqﬁ Hﬁ&f"ﬂ%?ﬁéﬁ‘al“?‘g%@iﬁ ?nr% t he
liquid crystal panel with use of a fan as |ike, the conventignal nner,. In
addi t i oseparatedribte RpiGeand B-light and she sepasatedslight léﬂrrﬂdtat@d)mod@eawﬁé.
Therefore, it is possible to stably obtain a sufficient cooling effect

wi t hout crystal ipahtlsel; d Sodnd: b6 respeetivelly. tEingse oateach.offthetthesentiqeid enystal
conbi ning the transparent glass substrate 27, the heat sink 29 and the

|1 ke, T parels PRESS! gnd 16D B bEHER £20bpAICIESS beiRE! HENhe! bilori N

the first embodi ment d ( d above, the transparent glasS substrate 27 is
Nt eT PO e dponditg td dieh b hE Pafie R4S 152! THE optilh'ithaged 38 fotREfon
the liquid crystal panels 14, 15 and 16 by controlling the quantity of penetrating light

for each pixel in the respective panels.



"16 16. However, the transparent glass substrate 27 may be bonded on the
light incident side of the liquid crystal panel 16. A second enbodi nent of
the'liquid crystal projector device according to the invention now wll be
described. In the liquid crystal projector device, as showm in FIG 4, the
liquid crystal panels 14, 15 and 16 axe directly bonded on three |ight

I nci dent planes of the dichroic prism 23, respectively, so that the
dichroic prism23 and the respective liquid crystal panels 14,15 and 16 are
integrated with each other. For adhesildn of the liquid crystal panels 14,
15 and 16, it is desired to use the sanme adhesive as one in the first
enbodi nent dBsithéndhe Roplie and Bdight having pasctratéd ¢e liquidicrystalrpanets 14,
interfaces. On the bottom face of the dichroic prism23, a Pettier cooling

conponery agd 1i63 réﬁp’é@ﬁ?é@, ican’ei filtd'tRe ﬂiclﬁ@id“ﬁrggﬂ 29NYA%he Wiiéﬁ}oﬁ]cggrigﬂf Q%mo f

face thereof. The Pettiéf cooling conponent constitutes a t sin

the cooji ansy acHor di ng  t he iLnventd.on. |.n the structure descri bed
bbove. W T BEGRREIN o O, MRS Btk ditecfiingare Sympesbiia ety t n
and further bonded to the dichroic prism23. Therefore, the heat generated
at t he toeggneraievene optical image songtihyed byathel B, £n@ntdeBar d'hereptical rinsmget o
the dichroic prism23. In addition, the Pettier cooling conponent 32 is in

cont actgeseritetitin thistthannérisdrratlidted from th@lighpirradiatidg plhee of eiedichigicheat
transferred to the dichroic prism23 as descri bed above is sucked by the

Pett! erp i s PIREN Altbus the GERIAE blate 2A° THheH, the'ihafeBBhI thitfHRY

integraglngthe rorc prism

projection lens 25. The projection lens 25 enlarges the incident light (optical image)
irradiated from the dichroic prism 23 and projects the enlarged optical image on a
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 embodiment of the invention.
FIG. 2A is a side yiew-_._thereof, and FIG. 2B is a plan view thereof. FIG. 3 is a
cross-sectional vi.ew 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 liqﬁid 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.



*17 the liquid crystal panels 14, 15 and 16 is forcedly cooled statically by
the Peltier cooling conponent 32. Therefore, it is possible to sufficiently
reduce the operation tenperature of the liquid crystal panels 14, 15 and 16
wi t hout dynamically cooling the liquid crystal panels with use of a fan as
| 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 without any influence of
environmental tenperature. Incidentally2 in the liquid crystal projector
devi ce of the second enbodi nent described here, the Peltier cooling
conponent 32 Heteltagter s ﬁ%&@fﬂ&%nsﬁlu@KionF@Mﬁwmiﬂg%kqmidfcryMI ghéls 4,

cool i ng conponent 32, t heat pipe 31 nay be useéd as shown in the side

vi ew Fl 5 d _the Qottom vi.ew , . . dr aw . eat
pi pe 31 nmﬁngt& p&?*‘%‘é@‘%ﬂ‘?ﬂ’eﬁéﬁaﬁi Sé;‘gét}lgér(ngggh?nc o?)’ 1ggan?l\gb§$ V{)@lelr)\ég;
contact with the rel evant, bottomface, the same_effect as one descgri bed
above cdasgribeshwithnihe liquidigrgstal p@n@lriemhgwmw@ o YSe as #NiEXaMHUCs or m of
surroundi ng the periphery of each of the liquid crystal panels 14, 15 and
16, the heat Bweentthd dithidie prisap@Bt anc thé diguid crystabpapelnkt,sa palatizingd 16
is sucked by the heat pipe 31, thereby obtaining a high cooling effect. A

third e@t;aeiz@ﬁﬁi @ftgéeﬁsgya}éxﬂ!g)lg%&&;ngltgétfwhﬁ&ﬁﬁé Kl CeTIRE fiahshdient glase

i nventi now W escri iquid crystal projector deviCe is

const ruct [ he sanme.nmanner as one described in the.. diqent ,
‘ot hat Sirate ST RnadE B SEnits Sled Ryt e eat ngRud BT I RRE: (FF
bonded on three light incident planes 18 of the dichroigc prism?23 als)
shown i the-light scidentsidaiof the diguid ceystahpanelglf,d.cr 9 the sideapposse tadhe ce
is constructed in that the dichroic prism23 and the respective liquid

crystal digtiieicpridm 23 adibtfeecplaté D8 ¢gdispededi Theahsh-frodysate 28is Bade oér
cool ing conponent 32 that serves as a heat sink has a quadrangul ar shape

froma IHeW. i . ned t he
quadr angt e Sl 13 FBh 14 Bl IS Gucting f 1A PP ok PhlccFRBTRS focl
L- shape,pl at €. t he outer ne ther ,..a plurality of fins 34 is

nount edlé)qgatg qf&%iﬁrﬁlﬂcﬁgpelﬂpgéaﬁooarﬁtoéi&ﬁcyﬁ'e supporting members 33 and
fins 34 are nmade of a netal material g;lflor. exanmpl e, alum nu ,h,avirpgg t}i&gh
heat conduct iQn the plane pfilight ingidance in theidichroicqrisam @ ethenpdaraziag piate 20 i sm
23 is mounted on the Peltier cooling conponent 32 while four corners of the

di chr oi ¢hefrafispateneglasengntade 27 ahd thedsstpfree platg 28manbarouniad togetlierwitls
structure, the Peltier cooling conmponent 32 conmes into contact with the

L) gl P P e i e o s
suppor t (15 e AR PLREST GE pelininnE 26 im EhRtact Wi ne it Bbib YR ahet
liquid crystal panels 14,15 and 16 is transferred, to the_dichroic prism 23.
The tr awdthe dichraicprism 23, cRegiother phaneef thed?oléa&ngﬂa%%%w@rﬁm@& l e

bei ng sucked by the Peltier cooling conponent 32 through the four
suppor t iong plendef shéftansjareieglasysulssteate @7atOnéb pldrienf thediquid arysialpdnel 14,

15 and 16, and the heat transferred to the dichroic prism23 are diffused

19 16 isin 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



“into the air through the fins 34. As a result, the structure constituted by
integrating the dichroic prism23 and the liquid crystal panels 14,15 and
16 with each other is forcedly cooled statically by the Peltier cooling
conponent 32 and the supporting nenbers 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 panels
14,15 and 16 can be reduced sufficiently. Further, in this enbodi nent, the
Pel tier cooling conponent 32 is used a8 the heat sink of the cooling neans.
Therefore, a sufficient cooling effect can be obtained stably w thout any

i nf | uertheowithruserafrmirahspartetadhesive madewihileavivlet hardeningaesin. dorethéect s
provi ded by the supporting nenbers 33 and the fins 34 are added, a higher
coolin (K i TR Wal'y i fda :

hird aaResfve S AcAReATh Aeitsin REIGPRAC bSratdlhe salc reRRIBREINARR | oo
31 or the,Peltjer.cqalin onponent .32 .is used,as the heat .sjnk.o e

cool | ndSibe ateiiahaddhe iR A 23, o s¥EBRIE e ot Rt A4 B 1 oS rent
shown in FIG 2 and FIG 3, for exanple, the Peltier cooling conponent 32

i s di spessanh for thatds to suppress ightugflectionr(intetfave réfladhion) at cantattintcrfdceshe
heat sink 29. Then, it is also possible to enploy the structure in which

bot h t hetWesh @mﬁénté.n¢dr%sﬁﬁid be ﬁxs@@éﬁkitng adABEPIQBERErydie RER), Wrethads t he
aadi

heat sink. In ion, a fan can be used as an aUX|1iary cool i'ng neans

toget et LhoklereRPO5E GEiliesk AURRISH Smold lies: e28GpI. Hltheio! 1o

effect "Ccan’b taine SO-cC reezin e fan

is rotated at fhe suppressed speed. O Therefore, fan noise can be
r educediliern gel, odler llﬁ%?@%%ﬁéﬁﬁ? Sméﬁi’ bstantially occurs. Further,

dust is restrained fromwhirling to the | ess extent owing to a decrease in
t he wi nd quddnithg botioen dice of the dichrbid prsine23, aheapsinktd9 isfprovidgd iabe
caused by floating dust can be suppressed. Further, various nodifications

can be s¢ABOfASIAE ihWorith@ Withublestterth fRENTROhéMNSsihk RO i Aiadetst megdlel s
14, 15 and 16 to the dichroic prism23. For exanple, as shown in FIG 7, a

3
constr J . . I R, e 4 n I
capphi tHeter Bl RO hiER TR O Rheiiity 3o Br RS stlipluriy TheBeat TnRP0sEs ¢ e
di chroic prism?2 d the liquid grystal, panels 14, 15 and 1§, .and these
conpon@nfﬂlgadgaegpﬁkrﬁ%k SanSasHi e OB aRIARE 1iEWh b aise? PO ISt ac e,
it is preferable that the sapphire substrate 36 and the phase difference
pl at e 3% aarend portieh ofthgcheatisink 28dnlancintegratedsmannennAnsupper#ndtface or ease
heat conductivity. In addition, as shown in FIG 8, a construction can be
consi dehediseNpdiin 30 fiaTdntidtvatiefifeliqhidicRy sl pandl16andzhe duit-fre€ phile and a
sapphire substrate 40 are interposed between the dichroic prism23 and the
qum(jzgystal panel s 14,15 and 16, and these conponents are integrated
with each other in a bonded state. Furthernore, for another nodification,
as shown in FI.G /9, a_gonstruction c be cqnsi der,ed in.that p e.
Gt erence. phaieat pipé 310k drananaincethe BAtcIAQURBE SBHPR AR GIERAE 43
and a second sapphire substrate 44 are interposed between the dichroic
pri sm I8isand3 ﬁ&'ld heatipipe 8y swomistiutas aheatisink afitbe coplingmeansaccondipghent s
are integrated with each other in a bonded state. Alternatively, as shown
I n FI Gthé @aventibin. a0nche uppet portiGiesideofahe dicliroid psrad 3, thé heit pipe 3148

sapphire substrate 45, a phase difference plate 46, a polarizing plate 47

oo, MSRMEREENAE TR 1 QRS 8 IE AR
o S BT ek Ao e 5T el i 5 Rt o

designing are increased, furthernore, it becones easy to produce a bonded
const r (B isadisposedaiida stader of being impoamtact witlr mothanigtatie sighroie ptiym 2hand| ass,
sapphire or the Iike may be finally bonded thereto. Needless to say, in

ei ther (RE taARpATenE Blag sBBSTRIeCET bleSa %ith Hie%ea?g&léi!ﬁ fiftdgafd t e Head
conponent are to b€ nmounted on a | ower portion ottomface), effective

pi xel periphery and an upper face of the prism In such a construction
exanpl e descri bed above, the polarizing plate and the phase difference

pl ate can be heating sources. Therefore, by interposing these optical

el ement substrates between the dichroic prismand the liquid crystal panels
So as to integrate the relevant prismwth the relevant |iquid crystal
panels, cooling ability is increased and thus reliability of the conponent
is increased. Further, sapphire glass, Ten-packs glass or the like is

i nt er posed between



“optical conponent substrates such as the polarizing plate, phase difference
plate, etc. so as to unify heat conductivity. In addition, a conponent
whose gl ass surface is coated with a transparent conductive film (ITO film
for exanple) having good heat conductivity is used, so that heat
conductivity can be expected to increase. A fourth enbodi nent of the liquid
crystal projector device according to the 22 invention now will be
described with reference to drawings. This liquid crystal projector device
is also constructed, in the same mannet4 as one described in the first to
third enbodi nents, in that the respective liquid crystal panels 14,15 and
16 ar e sinkROsth®heatpipe 1 igHn donticd avith pvarpastsadf thednsidetooshersprhicing8 in a
bonded state as shown in FIG 11. Wth this structure, the dichroic prism -

23 and formedesp eied Hiver pdnqw'rm@_rystal panel s 14,15 and 16 are integrated
wi th each other. Hereinafter, a specific construction of nounting the

descr i bed wi EHHERGTIGRat dpsbrpBAGPbYe BHeRENE HAE ofy il pifeb Belbratesdieay
exanpl g? et ween i he di cﬁroi,c prism 23 and the liguid crystal panel 16, the
pol ar | }hgﬂ rhing Beht e heat is sucksdand difiyised by yapious beat fransferrquiessrpdsed.

The transparent gl ass substrate 27 to be used in the enbodinent is

desi r atthg vasiteisdicat uimisfert mures, ¢he fdBowing reutes ake heailatslensitt astid souté or
exanpl e, sapphire glass, Vycol, ZerodurR, Ten-packs glass or the liKke.

| nci de 1. taol thel j et AL . i fr:action
For thacuingto thelfeaf BRIk 29 v e HRE SR FalERS, A RHLCIARE W MDA ip
i nci de ide.of, | iquid crysta anel 16, | .€. n the side osite to
the. df chBPEFUR edipard i bteile 2R T0ut nat R isal BrbSorisd i L
plate 28 is made of glass and has a functjion to prevent dust existing on a
|ight P& 3l sihaskaiongditbe panekusedrasdreating medivae;ta wute leadingtasthedeat o

def ocus. The polarizing plate 26, the transparent gl ass substrate 27 and

t he dustink ROevipkle trafi§parent glassisulitiare 2 Methplpabarizihglplae26 ainl thedichioic t he
di chroic prism 23, together 23 with the liquid crystal panel 16 in a

rRnier Bristh 2309 foutkABRTPRTS the HERNHRRIIY i ¢ el Ak 20T AAoute thattfe P! 20

of the polarizing a Isinc act w i'Aci'dence plane of
t he di Ghr.okCqREI .23. . The et he | ane. of & he lari.zin l.at,8..26 jS.in
cont ac ﬁ{é\ﬁ? i%dlgﬁk%g]laﬁ)ethﬁfalf ﬁ'@n? F@éﬁ'ﬁéfsgﬁ‘t z%l aaggl(%g ﬁ@gﬁb%ﬁﬁ@? d‘fa\%edp'i"é(ﬁe of
t he IigHid,c ystal panel 16 is in contact with the other plane of the

t r anspdheAir Yoy thesdusiriree plate 283and thelikeher plane of the liquid crystal
panel 16 is in contact with one plane of the dust-free plate 28. In

addi ti on, tHa phirtibularcaquording2s the heepoioay ihei lignidlcaystalfaned 6 is nowswed ent
gl ass substrate 27, the liquid crystal panel 16 and the dust-free plate 28

are bongqHe H‘i’clﬂ%‘i&"gﬁkhﬁ%%takbd&ﬁﬁd@tat% dd ﬁﬂﬁgli’é lél%t paHgel ﬁ%a HePvebAthe

adhesive, it is desired to use resin whic stantrally the sane

refracty i i@l of the di.chrohbe.prism 23, f l e,

Fesi - aPOpAriests St B8 WIREAE A, i hoA GRS 3T 00T Finddhe GABIC 1o

is to suppr swi'ght reflection (interface reflection) at contact

| nt er £ RS B wLbredorsdhispassibieorediciently sick thechens travstermibiove the

acrylic resin, urethane resin, epoxy resin, silicon resin or the likeis

enpl oydifjuid erystabpanel. 160rthbdichraicplismdB by the hedt pipe Bihdn hddiiomto thet al so

enpl oyed. In the structure described above, the transparent glass substrate

27 havi § hid §a$ 1 t eI rism
the hBhferteafedA rt‘géf’EShiﬂ ﬁsay%a_% phrﬁélq (?E%ﬁfkci*ﬂ? siRREd bgggggeél e 38!

23 and the [1quid cryst ane erefore, I'S pos uppr ess

t her mal st ance bet the |jquid cryst | 16 and the dichrp
orsm 23t o Pridige ACEating ot I invetisg, The BiRpareis Mest St Ly at oo

at the liquid crystal panel 16 ,is sucked by the transparent gl ass
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



'+ 24 substrate 27, and this sucked heat is diffused efficiently fromthe
transparent gl ass substrate 27 and the dichroic prism23. In this regard,
the other liquid crystal panels 14 and 15 al so have the same function. As a
result, the liquid crystal panels 14, 15 and 16 are cooled efficiently with
the dichroic prism 23 having a large heat capacity used as a cooling bath.
Thus, it is possible to sufficiently reduce the operation tenperature of
the liquid crystal panels 14, 15 and 16 without cooling the liquid crystal
panels with use of a fan as |like the d&nventional manner. Further, in
regard to the structure in which each of the liquid crystal panels 14,15
and 16 hesweenrthediquidterystal ganel d 6pands the dictiroic phisnt 23nwptreckutw @ixters.
substrate 27 interposed therebetween, it is possible to be applied to a

manuf adqtusthery thetlied pipev@i G8.inacortdeakitly tRE t}drfb‘;b%ger{gr glﬁk@'suggﬁﬂes 2gre

formed on a glass substrate having |arge dianeter, en the glass

substr I : I erymned |ine. thereby, sinultane

ot ai i AreRECHiiFR AR PSR MR Bent Lt BE R ST eARE LI B O s, A
fifth enbodi nent of the |liquid crystal projector device according to the

i nvent itEMSRatENtglasssabsisaterd T skeraby etticieatiy sveking the suckel heat byithe heat | n
this liquid crystal projector device; a specific construction of nounting
the |i qupel3drystal panels 14,15 and 16 to the dichroic prism23 . will be
described with the liquid crystal panel 16 used as an exanple in the sane

manner as thg a@&ﬂ@n,ﬁﬂ@%f'ﬁ@kzg i i'ﬁ'cﬁt%ﬁgwﬁﬂ%éﬁbtt&ﬂle{agﬁ'&rthé :dik%gBicat e

26, the transparent glass substrate 27, Iqurd crys pane and the

dust-fr |yt bondeg, t 0. each ot he it se 5 an _adhesi ve.
The 11 G &7 SrdEhRer PR FL it Avendt 3t B RestrSnk : Thellor 1o

det achabl e, manner by a contact bonding nethod. Mre specifically,

suppor POssible Hhsek eatdransfereed from the liquidherystalfpaaeb36 do theidechroir whose
pl ane shape bei ng rectangul ar. The base plate 129 can be forned in an

I nt egr pristh BBrbyetheidab simkc2 1heebywificivnthf sudkén tdutkedatby Rh@hest or
devi ce. Each supporting nenber 130 is a long L-shaped plate, and desirably
made oE,i 8al materials having high heat conductivity, for exanple,

alumn r#@iron steel, or the like. Screw holes HL to H8, eight holes in

total, are ided in {.wo.su Ltin mhers 130 corresgonding to e
nounti ng pogﬁlf)%“gtf’ ﬂ?%éqﬂcﬁ‘ﬁf%&&Pﬁgwﬁdﬁﬁgri@%&ﬁﬁhéﬁ? Hg:m%gpr% rting
menberi1 130. lwo screw holes H9 and HIO are provided in the base plate 129.
Among DA¥INE: 2 daracoheas cappeity andviomesdly aapled statically. (Ekws,fibis possiblg tone
liquid crystal panel 16 to the dichroic prism23 by contact bonding. On the
ot her bufficiently reduestliwbperationttentpratute ofithé liQuitt erystat pahel 16ayitkdntng t he
nmounti ng position of the liquid crystal panel 16 in a |ateral direction,
i.e., i i : : e., in
an” ar r SonGiSAILpLoclif UMD il Shncl bith ool Fin et RohivBftional”:
arrow i L.ectd Oy 4; I 14. |.n e. case where the. liquid crystal panel 16
i's rmuﬁ}agid{e?b Ibh%iddﬂgﬁ’r@ech%tipéﬂ?é ]\ﬁ,iutsﬁgtf’ssea i‘f’a{ plak € fo0liigBsans,  + he
four s po‘ﬂ;tli ng, nenbers 130 constructed as the above, firstly, the dichroic
pri sm 2BereorgcHtisgpassiblepta-gtably wbtaia asuificient eoling effect withoyt 2y and
then fixed. Fixing the dichroic prism23 is performed by 26

influence of environmental temperature. Furthermore, by combining the transparent

glaSs substrate 27, the heat sink 29 and the like, it is possible to obtain a higher
cooling effect.
Incidentally, in the first embodiment described above, the transparent glass

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



* bondi ng the bottom face of the relevant dichroic prism 23 on the upper face
of the base plate 129 through an adhesive. Accordingly, the dichroic prism
23 i s disposed within the space surrounded by the four supporting nenbers
130. Next, an integrated parts which is constructed by bonding the

pol ari zing plate 26, the transparent gl ass substrate 27, the liquid crystal
panel 16 and dust-free plate 28 to each other is disposed close to the

| i ght incident plane of the dichroic prism23. In this case, the integrated
parts described above is assenbl ed fraokh above with the transparent gl ass
substrate 27 inserted between the two supporting nenbers 30 which have the

ei ght sto.ehovedves, the transparemeiassdubgtrate 2hmayche bondelomdhielightlintideng ar e
di sposed in a state of opposing to each other with predeterm ned openings

i nt er posigd ofhé Miguulid eRistaf pddes 16F ansparent gl ass substrate 27, which is
ot her than an e??%cti@é pﬂiéﬁﬁrggion outside the. liquid crystal panel 16.

The four scr | gs. HS t.0 r isposed. in a.state of opposji.ng .to, each
ot her thr oug%%?@ﬂgteé?%(ﬁfwl}ﬁﬁgﬁﬁﬁglﬂug Crytalsproicctar 3?%1&%4%&954558‘5%*1@ ass
substrate 27. The two screw holes H9 and H10 are disposed in a state of
opposi ngveatieadwvewilrbeodesonibedovsrthe hiquidicrystdl projectondeviae cas shyivers in
substrate 27. Then, screws S1 to S10 are screwed into the screw holes Hl to

H10, reElecd] t liquid ciywtalsparels 142,15t Al 'IBLHTEidIBed@Bﬁbéh@éH oh fhidce ligﬂtji d
crystal panel 16 is adjusted by rotating the screws” Sl to S10

e JERE O B ST RSOV S LA AR TIEOERAY,
SRR L R A e A S oy LA AT S

panel 16 is perforned while watching the image actually shown on a screen.
I n regaker adhesien pf thecliquis ¢nystal ipanealsj 145 thPeand 16 it 38 Hesirechto vse thessagel t o
S4 to be screwed into the four screw holes HL to H4 are brought into

cont actadliesivet éscorie imnthedfirst Bmbodanepdeseribedabove lsbsatsrtétsﬁpﬁiess efeétlh
transparent glass substrate 27 is pressed lightly toward e dichroic prism

23 sid ; j ssure given by the screws SI to S4. Accordingly, the
pol ari %t gng{ng@t%a‘?ésgpressed lightly against the |light incidence plane of
t he di chroic,prjs 3. I.n this st.ate, when e screws SS to S8, S9 and S 10
are rotat ed,ogﬁbe 58&09? S?Fetﬁ% ‘jWélei‘%gﬁ&'rSEh{ZHg? §§ lf's‘Lﬂ%Jtin&‘émEPOF%m nged
in accordance with the rotation directions and the degrees of rotations of

t he redpdispaseddarastate afibeinginpeantacowithf therhottam face thereofl TherReltien i s

al so changed in a manner .of integrating with the change. Therefore, the
mount i repoling ¢componéntt 3R constitutbser kedtdinloaf the ddolagpinans abeordigh (@t pri sm
23 can be adjusted (fine adjustnent) in various directions. In ofher words,
the nmoyp{ep@oposi tion of the liquid crystal panel 16 can be adjusted in the
| ateral direction, i.e., inthe arrow X direction in FIG 14 by rotating

the screws 0 S8 ropri.ately. In addition, hy ro | th crews S9
and S10 appﬁﬁﬁhFéﬁEFﬁﬁgtﬁgcﬂﬁﬁfﬁ?‘g%&B% ﬁﬂfl 2% t*ﬁ mnﬁfsgffw%&qfﬁéﬂrep@na 16
can be adjusted in the vertical direction, i.e., in the arrow Y direction
i n FI gdinectlygontaetwithyandfusthenhonded tothedictepia priss 23sT henefose,ahe heat
appropriately, the nmounting position of the liquid crystal panel 16 can be
adj ust egtneratetiat the séspeotive liguid orystal paneld 14, 15 and 16v4rs telinsEsted o the28 in
FIG 14, that is, the inclination adjustnent can be perfornmed.

| nci derg; ~ rokei e 9 ipd d eI\ can
b ac hggle prispt 25, T8 it ARE Rolfer Sholilf poirBShChf 3754 f o8t with
directign, e nber, of screws and screw hol es e set bitrarily. In
addi t i Jﬁe q&&‘ﬂgﬂfz? ffi tg‘ecﬁ?‘fbf%fp Hféﬁ@lf%%l?rﬁﬁiﬁi% ﬁ?latatf%%{?é@ds@aﬂ@. on
the plane of light incidence of the dichroic prism 23 through the

pol ar i dielyoit prismp23 amdesdribed-ahoseds suckeyl b thesPéltier avalidg componsntdRsi bl e
to highly accurately determ ne the position of the panel in the light axis
direction i PAédrdigloV¢hé stk i ii ; ==Y i I ism
23 “Thus, 11 posome1syihé suicRlrt cBNSHNIE BY intfereTRe didhiolt (HiNiR23 aRE, BTl
axis direction) In addition, it also becones unnecessary to adjust the
paral l elismof the panel against the plane of |ight incidence of the

di chroic prism 23. As described above, after adjusting the nounting
position of the liquid crystal panel 16, the liquid crystal panel 16 is
fixed to the dichroic prism23 together wwth the transparent gl ass
substrate 27 by tightening up the screw S 1 to S4. In this case, the
transparent glass substrate 27 may be fixed by the screws S 1 to S4 with
use of packing. In addition, the part, at which the screws S 1 to $4 are
screwed and fixed to the supporting nenbers 30, can be fixed and reinforced

o Y o o .4 o o



' 29 As described above, the liquid crystal projector device according to the
fifth enbodi ment of the invention is constructed in that the liquid crystal
panel 16 is nmounted in a detachable manner to the dichroic prism23 by the
contact bondi ng nmethod using screws. Therefore, replacenent of conponents
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 the troubled parts or restoring of the
liquid crystal panels easily. In additi7’on, the integrated parts constituted
by the polarizing plate 26, the transparent glass substrate 27, the liquid
cryst al theatiqhidl 6rystal parelsids; 16ram b64s foedly cooledistacically ByotitePeltier t he

di chroic prism 23 through an adhesive. Therefore, it becones easy to handl e

the CO%F%ﬁb@ﬁn%ﬁts 89D *I%d?%f&?é’ 3P is e%gfglé t%hﬁiciiebglgﬁE&H@étlﬁ%ﬁ%rﬁﬁ”on

maintain c i'ronnment, theré€by rvely res infng refuse and dust
fromgeperating. Further,..the |jqui rystal p 'etoréidevice onprd.ses a
post t ol erabite.fthe diic sivetal Bangle 4 g Boskl € it sBAEReH BN EBotide
liquid crystal panels. Therefore, a nmutual position between the three

li qui d theyliquid eryséek pangls 1githrese1of @afanbas dikeutheegonventionad imarnes. elizi | v.
Accordingly, it becones possible to harnonize pixels of red (R), green (Q

and bl ugddibnaehe Pelidrycouliy 86mpoRent BRris kikel Alsnthacheat fsirleof #Rgeoolin
Incidentally, a nmethod of fixing the liquid crystal panels 14, 15 and 16 to

cont act TSANE MGl e Adbslte 10 o ERp Ay SR TS T iBOuCapy 1

fol | ow pg, bondi r}g .30 nmet hod. The bondi ng nethod is constructed in that;
the tra RIOLANYILOIINERIA} ERPEAtUTE. by essed together with the pol ari zi ng
plate 26 on the plane of |light incidence of the dichroic prism 23 through a

adhesi ve | aylcidentatly, irsthenliguidarystal peojectostdeviceoof the sechnd entbodimeat]
state; then, in this state, the position of the panels is adjusted in the

above- dgegsritedchere iR Pelfit E60likREompBReRESE issustidans th¥ Héabyink o Hdwéwdry
har deni ng (permanent hardeni ng) the adhesive layer. In the aforenmentioned

enbodi ' e | ' lLes: i ith
the i nvim oL bliet Sodiiie RRBREATs2 I TRACPIRRTY PSR AR SIORA | L
i nventipn_ can, be, appljed.not.  only to the |jqui rystal prqjector, device
but al s@%%%vl&ﬁﬁg gﬁcﬂﬂdnlt%&ti}gémvkﬁ% &y5§e$¢%‘€‘ O%Yn‘gfaél‘”gg? ture
in which a liquid crystal panel is disposed in a manner of opposing to a
pl ane oheatipjpe 31nen dkmbottom fagerofsire dichroi¢ prises23 indwsiateafdieing eohtact t o
ones in the case where the invention is applied to the aforenentioned

l'iquid gfthsthalrelRvahESGtEmIRYE, Ele Suine BffcOistinRaibsclibed abovétaniobtanied i ty
As descri bed above, according to the invention, the liquid crystal panels

are nou ' j [ Ned e
or - sm andreb by MiaBARENRe R AIGE 3 1 IRoR S o il AR foPhodl T
f orci bl ool.ed. statjcally hy ol i ans.  Accordingly, the |.iquid.
cryst al Xf) 1qu yBQﬁPBB&é&%ﬁ iqugfﬁ,qﬁe\ne@hggﬁergmin rtﬁﬁﬁ?sé’eegmgﬁﬂutﬁ/ fan
noise or a raise of dust. In addition, according to the invention, the
liquid erystalpansknb4sl aend d6usisucked by the heat pipe 31, thereby obtaining a high
cooling effect.
A third embodiment of the liquid crystal projector device according to the
invention now will be described. This liquid crystal projector device is constructed,

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

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



31 on the plane of light incidence of the prismthrough the transparent
substrate having high heat conductivity in an adhered manner and i ntegrated
wi th each other. Accordingly, the liquid crystal panels can be cool ed
efficiently without any trouble caused by fan noise or a raise of dust. By
applying the invention to the liquid crystal projector device using the
liquid crystal panels for the liquid crystal |ight valves, it becones

possi ble for the device to project fine imges on a screen under very qui et
use environnent. In addition, a coolirg effect to the Iiquid crystal panels
is increased by the integrated construction with the prism Therefore, the
oper at i ofthiecdiphrait prisne 23t dsesHovaiinl FIGy 6t Withethid stroctardyethe ditpid drystal

remar kably. Furthernore, in regard to mniaturization of the device,

TN At U . e : A

i i at s e PR BetRE iy Lo LA lat MOBICh- R RITE DD A dThe [MPpctiveliguid
possible to.su e the ration t erature of the liquid crystal panels
o the el paBRIs TS Srd TR it imeemited it £gch Sthes "Gy al NS 1. A1 qui 4
crystal display device, nounting a liquid crystal panel on a light incident
pl ane of a pTheRelticraoolingoomparnent 824batssrves dsrahegpt sink hase qradesangulah t he
prism and conprising cooling nmeans forcedly cooling the integrated

struct ustpetfRoicablahe viewl hSuppuitiify Aradés 33 Are raisedmt YourisoneraoPee i er
cool i ng conmponent “or a heat pipe, or both as a heat sink of the cooling

SEE‘Sf; ?iga%gﬁaﬁéixﬁﬁﬁﬁgﬁﬁ% %hﬁﬁlaﬁﬁéhﬁn%%a ii‘&;iéo%‘éf%@%gl , %ﬁéﬁéﬁ'@fgr Aing
. . i 4. Th .

=ccor di PG00 e Auier PHRE BUSPRd BlurA iSpRABhS Igs mbiehin AdoReuifbn  he

prismand the liquid crystal panel, and integrating the relevant prismwth

t he r el divection.i Botldther supipoirting nesmbérs 3thandifing 34 ane oaddiofp metal iImaterial
bonding the prismto the liquid crystal panel by neans of an adhesive. 6.

The deV(fﬁ?eﬁﬁﬁ?’lélidlﬁnﬁﬁ’uﬁzfl‘ﬂa{}hfg hi_glhel'iéﬂt'&ohﬂﬁcﬁ*ﬁ'@ﬁSi ve is transparent and
made of "resin having the Substantially same refriactive i ndex as one of a

et er L of R o O RO BB R B
Seane [ BRItE Coaling COBROMAR! Shw HileTolF comerset e cighroic pristh 23 ate oflgaged |
with the supporting members 33. With this structure, the Peltier cqoling component
32 comes into contact wifh 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, are 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 panels 14, 15
and 16 is transferred to the dichroic priém 23. The transférred 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



"statically. 8. The device according to claim?7, using a Peltier cooling
conponent or a heat pipe, or both as a heat sink of the cooling neans. 9.
The device according to claim7, interposing an optical conmponent substrate

between the prismand the liquid crystal |light valve, and integrating the
relevant prismwth the relevant liquid crystal |ight valve. 10. The device
according to claim7, interposing a transparent glass substrate between the
prismand the liquid crystal |ight valve, and integrating the rel evant
prismw th the relevant liquid crystall9ight valve. 11. The device
according to claim7, bonding the prismto the liquid crystal |ight valve

by meanintoftheairatiibesgly the fifls 3%he devi ce according to, claim 11, wherein the
adhesive is transparent and made of resin having the substantially sane '

refractive | AdoxraBIONG RhudufBesidithicahy ifeftaliffihd dictolebhad 29 agao! i ng

a panel, nounting a fiquid cryst pane I nci dent” plane of a

prismi .banded state.s to,Lntegrate the el wmith e. Dkl and
Por cedl theigfficevaRlPimSdeatsatd iPith Fachotler BIORpdl kooledsellicAlled ot o
di spl ay device, nounting a liquid c%stal pane|l in a bonded state on a

|i ght i the Beltierpeenling compsmesnin32hand ghe suppartingimembeisnd? rwith fias 34y hi gh
heat conductivity, and integrating the panel with the prism 15. The device

accor di Maetefofd, Bveh the Hypid ichgstalt pdrebsireanst doolal witheudeed e ém abidike the
prism the transparent substrate and the liquid crystal panel by neans of

dhesi . . : . 4 . i e
oryet al Stentidhal e thEBpERARIERBApE GRARE EuidBYSt BiniISTA 1 90E
t | ai 14, i Si . i ti dj ust t f i just i .

mount | ndosae B¢ gRduged Reftidgaiy dPydids T el cmbaiime, dhe HolEt edtifng < o
claim 14, wherein the transparent substrate is an optical conponent

subst r acemponant;B24s usedas the keat sink ahthectooling means. dTherefores psufficEnt
wherein the adhesive is transparent and made of resin having the

subst angoglihy &ffe@ cai R obYEined daxblgs withoudfariyhénfhiéridd of henviranapataént
substrate and the liquid crystal panéel. 20. A liquid crystal projector

devi ce, i QU] I i . i
i denlTRpERRbg, FrthBrded Rl TooRRREtoch foRfUATH. BeShEpplidk mefiters .
conduct Lyity so as integrate the panel w.th th rism 21. The device
accor di hé aﬂétgpafmﬁ ?r%é‘i‘g‘i(ﬁé‘e@gm’é&&ql% Fﬁt@ﬁ%@b@& en the prism
the transparent substrate and the liquid c%_st al panel by neans of an
adhesi ve. 22Incitlentadlyi da thec dirst, rspeond cand third, embodimant,t there ihasi beer yst al
panel to the prismin a detachabl e manner. '

described the case in which the heat pipe 31 or the Peltier cooling component 32 is

used as the heat sink of the cooling means. However, in the structure according to the

first embodiment shown in FIG. 2 and FIG. 3, for example, the Peltier cooling

component 32 is disposed in the state of being in contact with the bottom face of the

heat sink 29. Then, it is also possible to employ the structure in which both the heat

pipe 31 and the Peltier cooling component 32 are used as the heat sink.

In addition, a fan can be used as an auxiliary cooling means together 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.



*23. 'The device according to claim 20, conprising a position adjustnent
function. of adjusting a nounting position of the liquid crystal panel. 24.
The "devi ce according to claim20, wherein the transparent substrate is an
opti cal conponent substrate or a glass substrate. 35 25. The device
according to claim 21, wherein the adhesive is transparent and nade of
resin having the substantially sane refractive index as one of the prism
the transparent substrate and the liquid crystal panel. 26. A nethod of
cooling a panel, mounting a liquid cry®tal panel in a bonded state on a

|l ight incident plane of a prismthrough a transparent substrate having high

heat coMhegéfore,!fansbise chw bete@aded R theeleRaDnst w‘h‘rélhnb*]ﬁoblérﬁ fﬁhb%ﬂti@lﬂX‘ i ng
the liquid crystal panel . .As% AA. AU, . A. Ar. Ah. AU .

A A{ A"E\?‘“&u@’/&{}ﬁr dygs is 1gstraingd rom xhifling todhe Jess extent pwingtaa decrease 5
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} xsni d_floatihgalustfan beauppless¢d.a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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grimgntof

cal ca] ca] ca{?g cafﬁf&] ca &f ﬂ's an] éé ﬁgi ca] ca}ﬂge}ﬁ (ﬁﬁi ca Igg ﬁﬁilgg} gg]l
A+ L<>> ESEMNF

Gl o] ot i etyelel i f%?éaﬁ é‘]“?%é? iﬁ% ﬁ%ﬁaﬁgﬁ 25 B eaRppsa ca
'NN7CEEE5PPP R@RSOVXXZ\

cal ca shown in FIG. 7 a construction can be considered in that a phase difference plate 35,

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 increase heat conductivity. In addition, as shown in FIG.
8,a corrstruction 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 modificat'i'on, 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,



a_ " &} aaabbbbb9c} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal90d4e7egG Kkl nprrux
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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 the examples of the integrated construction shown in FIG. 9 and FIG. 10,
degrees of freedom for designing are increased, furthermore, it becomes easy to
produce a bonded construction. In addition, the components are bonded separately,
and glass, sapphire or the like may be finally bonded thereto. Needless to say, in
either 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 sources. Therefore, by
interposing these opticél element substrates between the dichroic prism 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.
S0 as to unify heaf conductivity. Ih addiﬁon, 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
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invention now will be described with reference to drawings.

This liquid crystal projector device is also constructed, in the same manner as
one described in the first to third embodiments, in that the respective liquid crystal
panels 14, 15 and 16 are mounted on three light incident planes of the dichroic prism
23 in a bonded state as shown in FIG. 11. With this structure, the dichroic prism 23
and the respective liquid crystal panels 14, 15 and 16 are integrated with each other.

Hereinafter, 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
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
havilig high heat conductivity, for example, sapphire glass, Vycol, ZerodurR,
Ten-packs glass or the like. Incidentally, it is desirable to use materials having no
double refraction for the material of the transparent glass substrate 27.

On the light incident side of the liquid crystal panel 16, i.e., on the side

“opposite to the dichroic prism 23, a dust-free plate 28 is disposed. The dust-free plate
28 is made of glass and has a function to prevent dust existing on a light path from
meeting focal length of the projection lens 25 so as to defocus.

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

plate 28 are mounted on the plane of light incidence in the dichroic prism 23, together
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10% o& with théQtguddictystal 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 prisni 23. The other plane of the polarizing plate 26
is in contact with one plane 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
other with use of a transparent adhesive. For the adhesive, it is desired to use resin
which has substantially the same refractive index as the material of the dichroic prism
23, for example, resin of n = 1.4 to 1.6 or ultraviolet hardening resin. The reason for
that is to suppress light reflection (interface reflection) at contact interfaces between
components. For resin to be used as the adhesive, acrylic resin, urethane resin, epoxy
resin, silicon resin or the like is employed, for example. Further, a silicon gel, oil or
the like can be also employed.

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

crystal panel 16 and the dichroic prism 23 to the low extent. Further, it is possible

that the heat generated at the liquid crystal panel 16 is sucked by the transparent glass
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substrate 27, and this sucked héat is diffused efficiently from the transparent glass
substrate 27 and the dichroic prism 23. In this regard, the other liquid crystal panels
14 and 15 also have the same function.

As aresult, the liquid crystal panels 14, 15 and 16 are cooled efficiently with
the dichroic prism 23 having a large heat capacity used as a cooling bath. Thus, it is
possible to sufficiently reduce the operation temperature of the liquid crystal panels
14, 15 and 16 without cooling the liquid crystal panels with use of a fan as like the
conventional manner. Furfher, 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 liquid 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 according 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 mountmg 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
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of an adhesive. The liquid crystal panel 16 is mounted to the dichroic prism 23 in a
detachable manner by a contact bonding method.

More specifically, supporting members 130 are raised at four corners of a base
plate 129 whose plane shape being rectangular. The base plate 129 can be formed in
an integrated manner with a chassis portion of the liquid crystal projector device.
Each supporting member 130 is a long L-shaped plate, and desirably made of metal
materials ﬁaving high heat conductivity, for example, aluminum, iron steel, or the
like.

Screw holes H1 to HS, eight holes in total, are provided in two supporting
members 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 pﬁnel 16 to the dichroic prism 23 by contact bonding. On the
other hand, the screw holes H5 to H8, H9 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.e., in an arrow Y direction in FIG. 14,
and in a rotation directi.on, i.e., in an arrow O 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
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bonding the bottom face of the relevant dichroic prism 23 on the upper face of the
base plate 129 through an adhesive. Accordingly, the dichroic prism 23 is disposed
within the space surrounded by the four silpporting members 130.
Next, an integrated parts which is constructed by bonding the polarizing plate
26, the transparent glass substrate 27, the liquid crystal panel 16 and dust-free plate
28 to each other is disposed close to the light incident plane of the dichroic prism 23.
In this case, the integrated parts described above is assembled from above with the
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 each 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 H8 are
disposed in a state of opéosing 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 I.-IIO,.
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 advance in the step prior to fixing the

dichroic prism 23, or in the step prior to inserting the integrated parts including the
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liquid crystal panel 16.

The positioning adjustment of the liquid crystal panel 16 is performed while
watching the image actually Shown on a screen. In regard to the procedure for the
adjustment, firstly, the screws S1 to S4 to be screwed into the four screw holes H1 to
H4 are brought into contact with the front of the transparent glass substrate 27, and
the transparent glass substrate 27 is pressed lightly toward the dichroic prism 23 side
by pressing pressure given by the screws S1 to S4. Accordingly, the polarizing plate

- 26is pressed lightly against the light incidence plane 6f the dichroic prism 23. In this
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 thé 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 various 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 S to S8 appropriately. In addition, by rotating the screws.S9 and SlO
appropriately, the mounting position of the liquid crystal panel 16 can be adjusted in
the vertical direction, i.e., in the arrow Y direction 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
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in FIG. 14, that is, the inclination adjustment can be performed.

Incidentally, if the mounting position of the liquid crystal panel 16 can be
adjusted in the lateral direction, vertical direction and rotation direction, the number
of screws and screw holes may be set arbitrarily. In addition, if the liquid crystal
panel 16 is mounted in a bonded state on the plane of light incidence of the dichroic
prism 23 through the polarizing plate 26 and the transparent glass substrate 27, it is
possible to highly accurately determine the position of the panel in the light axis
direction in the arrow Z direction in FIG. 14 against the dichroic prism 23. Thus, it
becomes unnecessary to adjust the panel position in the light axis direction. In
addition, it also becomes unnecessary to adjust the parallelism of the panel against the
plane of light incidence of the dichroic prism 23. |

As described above, after adjusting the mounting position of the liquid crystal
panel 16, the liquid crystal panel 16 is fixed to the dichroic prism 23 together with the
transparent glass substrate 27 by tightening up the screw S1 to S4. In this case, the
transparent glass substrate 27 may be fixed by the screws S1 to S4 with use of
packing. In addition, the part, at which the screws S1 to S4 are screwed and fixed to

| the supporting members 30, can be fixed and reinforced With use of fixing méans '
such as an instantaneous adhesive agent or the like, so 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.
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As described above, the liquid crystal projector device according to the fifth
embodiment 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
method using screws. Therefore, replacement of components or the like can be easily
carried out. Accordingly, even when some inconvenience occurs to the liquid crystal
panels for example, it is possible to deal with replacement of the troubled parts or

| restoring of the liquid crystal panels easily. In addition, the integrated parts
constituted by the polarizing plate 26, the transparent glass substrate 27, the liquid
crystal panel 16 and the dust-free plate 28 is not directly bonded to the dichroic prism
23 through an adhesive. Therefore, it becomes easy to handle the component in a
assemble process. What's more, it becomes easy to maintain clean environment,
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. Accordin gly, it becomes possible to harmonize pixels
of red (R), green (G) and blue (B) accurately on a screen, thereby forming a finé |
image.

Incideﬁtally, 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
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method. The bonding method is coﬁstructed in that; the transparent glass substrate
27 is pressed together with the polarizing plate 26 on the plane of light incidence of
the dichroic prism 23 through a adhesive layer, which is in a non-hardened state or
in a half-hardened state; then, in this state, the position of the panels is adjusted in the
above-described manner; after that, the panels are fixed by completely hardening
(permanent hardening) the adhesive layer.

In the aforementioned embodiments accordin gtothe invention, examples have
been described with the invention applied to the liquid crystal projector device.
However, the invention can be applied not only to the liquid crystal projector device
but also to the entire liquid crystal display device employing a structure in which a
liquid crystal panel is disposed in a manner of opposing to a plane of light incidence
of a prism. In this case, advantages 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 above, accordmg to the invention, the liquid crystal panels are
. mounted in an adhered manner on the plane of light 1nc1dence of the | prlsm and |
integrated with each other. Then, this integrated structure is forcibly cooled statically
by cooling means. Accordingly, 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
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on the plane of light incidence of the prism through the transparent substrate having
high heat conductivity in an adhered manner and integrated with each other.
Accordingly, the liquid crystal panels can be cooled efficiently without any trouble
caused by fan noise or a raise of dust.
By applying the invention to the liquid crystal projector device using the liquid
crystal panels for the liqilid crystal light valves, it becomes possible for the device to
project fine images on a screen under very quiet use environment. In addition, a
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.
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CLAIMS
1. A liquid crystal display device, mounting a liquid crystal panel on a light
incident plane of a prism in an adhered state so as to integrate the panel with the
prism, and comprising cooling means forcedly cooling the integrated structure
statically.
2, The device according to claim 1, using a Peltier cooling component or a heat
pipe, or both as a heat sink of the cooling means.
3. The device according to claim 1, interposing an optical component 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, interposing a transparént glass substrate
between the prism and the liquid crystal panel, and integrating the relevant prism with
the relevant liquid crystal panel.
5. The device according to claim 1, bonding the prism to the liquid crystal panel
by means of an adhesive.
6. . Thedevice according to claim 5, wherein the adhesive is transparent and made
of resin having the substantially same refractive index as one of a material of the
pfism.
7. 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, and comprising cooling means for forcedly cooling the integrated structure
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statically.
8. The device according to claim 7, using a Peltier cooling component or a heat
pipe, or both as a heat sink of the cooling means.
9. The device according to claim 7, interposing an optical component substrate
between the prism and the liquid crystal light valve, and integrating the relevant prism
with the relevant liquid crystal light valve.
10.  The device according to claim 7, interposing a transparent glass substrate
between the prism and the liquid crystal light valve, and integrating the relevant prism
with the relevant liquid crystal light valve.
11.  The device according to claim 7, bonding the prism to the liquid crystal light
valve by means of an adhesive.
12.  The device aééqrding to claim 11, wherein the adhesive is transparent and
made of resin having thc substantially same refractive index as one of a material of
the prism.
13. 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 integfated structilre statically. | |
14. A liquid crystal display device, mounting a liquid crystal panel in a bonded
state on a light incident plane of a prism through a transparent substrate having high
heat conductivity, and integrating the panel with the prism.

15.  The device according to claim 14, bonding at least one interface between the
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prism, the transparent substrate and the liquid crystal panel by means of an adhesive.
16.  The device according to claim 14, mounting the liquid crystal panel to the
prism in a detachable manner. |
17.  The device according to claim 14, comprising a position adjustment function
of adjusting a mounting position of the liquid crystal panel.

18.  The device according to claim 14, wherein the transparent substrate is an
optical coniponent substrate or a glass substrate.

19.  The device according to claim 15, 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.

20.  Aliquid crystal projector device, mounting a liquid crystal panelina bonded
state on a light incident j)lane of a prism thlrough.a transparent substrate having high
heat conductivity so as to integrate the panel with the prism.

21.  The device according to claim 20, bonding at least one interface between the
prism, the transparent substrate and the liquid crystal panel by means of an adhesive.
22. . The device according to claim 20, mounting the liquid crystal panel to the
prism in a detachable manner. | |
23.  The device according to claim 20, comprising a position adjustment function
of adjusting a mounting position of the liquid crystal panel.

24.  The device according to claim 20, wherein the transparent substrate is an

optical component substrate or a glass substrate.
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25.  The device according to claim 21, 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. |

26. A method of cooling a panel, mounting a liquid crystal panel in a bonded state
on a light incident plang: of a prism through a transparent substrate having high heat
conductivity so as to integrate the panel with the prism, and cooling the liquid crystal

panel.



