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PROJECTION TYPE DISPLAY DEVICE 

lnventor(s): FUJIMORI MOTOYUKI ±. (FUJI MORI MOTOYUKI) 

Applicant(s): SEIKO EPSON CORP±. (SEIKO EPSON CORP) 

Classification: - international:G02F1/13; G02F1/1333; G03B21/16; G03B33/12; 
G09F9/00; H04N5/64; H04N5ll4; H04N9/31; 
(IPC1-7): G02F1/13; G02F1/1333; G03B21/16; 
G03B33/12; G09F9/00; H04N5/64; H04N5/74; 
H04N9/31 

Application 
number: 

- cooperative: 
JP20000084876 20000324 Global Dossier 

Priority 
number(s): 

JP19950099777 19950330 ; JP20000084876 20000324 

Also published JP3275908 (82) 
as: 

Abstract of JP2001209126 {A} 

PROBLEM TO BE SOLVED: To pertorm efficient cooling and also to prevent dust or 
the like from entering from outside. SOLUTION: In the optical unit 9 of a projection 
display device i, tt1e inside space of a part thereof is substantially in a hermetical state 
by light guides 901 and 902, an upper sealing plate 991, a lower sealing plate ·11 so and 
a head plate 903. An air circulating flow 1180 circulating up and down is formed by a 
circulating fan 158 arranged between liquid crystal light valves 925R, 925G and 925B 
and the lower sealing plate 1150 at the inside space.; Heat radiation in the air 
circulating flow 1180 circulating up and down is performed on the side of outdoor air 
introduced to the upper surface of the upper sealing plate 991 while flowing along the 
lower surtace, and also the heat radiation to outside is pertormed while passing through 
air paths 1160 and 1170 passing the air hole of the head plate 903 through heat­
radiating parts 5R and SL formed at a front case. Each part at inside is efficiently 
cooled by the air circulating flow 1180 sufficiently cooled. Also, the dust or the like is 
prevented from entering from the outside because it is a circulating flow. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To perform efficient cooling and 
also to prevent dust or the like from entering from outside. 

SOLUTION: In the optical unit 9 of a projection display 
device 1, the inside space of a part thereof is substantially 
in a hermetical state by light guides 901 and 902, an upper 
sealing plate 991, a lower sealing plate 1150 and a head 
plate 903. An air circulating flow 1180 circulating up and 
down is formed by a circulating fan 15B arranged between 
liquid crystal light valves 925R, 925G and 925B and the lower 
sealing plate 1150 at the inside space. Heat radiation in the 
air circulating flow 1180 circulating up and down is 
performed on the side of outdoor air introduced to the upper 
surface of the upper sealing plate 991 while flowing along 
the lower surface, and also the heat radiation to outside is 
performed while passing through air paths 1160 and 1170 
passing the air hole of the head plate 903 through heat­
radiating parts SR and SL formed at a front case. Each part 
at inside is efficiently cooled by the air circulating flow 
1180 sufficiently cooled. Also, the dust or the like is 
prevented from entering from the outside because it is a 
circulating flow. 
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HERMETICALLY SEALED ENCLOSURE FOR PLANAR DISPLAY DEVICE 
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Abstract of JP 2002158475 (A) 

PROBLEM TO BE SOLVED: To provide a hermetically 
sealed enclosure for planar display device that is made to 
be inexpensive by housing a commercially available 
ordinary planar display device together with an air 
conditioner and can be installed to any location. 
SOLUTION: This hermetically sealed enclosure 20 is 
divided into an upper housing chamber 20a and a lower 
housing chamber 20b having a hermetically sealed 
display window 25 in its front face by a partition wall 21 
The enclosure 20 has a display window 1 a facing the 
window 25 in its front face, a plurality of suction openings 
1 b in the lower parts of its back face, and a plurality of 
supply openings 1 c in the upper part of its back face. In 
this enclosure 20, the planar display device 1 O provided 
with a plurality of fans 5 correspondingly to the supply 
openings 1 c is housed in the lower housing chamber 20b. 
In addition, the integrated air conditioner 30 which sucks 
and cools the air warmed by the display device 1 O and 
discharged into the chamber 20b by means of the fans 5 
and circulates the cooled air by blowing the cooled air into 
the chambers 20b is put in position in the upper housing 
chamber 20a. 
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t= >-1vt:ti-i£i~ ltc:: 2:. t z 1~mt t -t Zi ~w>.f<ri s ~ci!t(') 
fID*~~li'.fflWM&fif,;o 

!(2) 002-158475 (P2002-158475A) 
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~~iii:{? J!X'§:'. l --C m11Jf ~-r·f<1!ffi ~ n -ti f ID*~~@'.fflW 
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tc:Wiic<fii!R-lf 1 Y JvCl):/R~~M 5 0 i?'½ ITIJ1%MJH Gt::{% 
tt~ 4 1 z tf®'G l , r,::,J ,wtt~ 4 1 ~ 3M l --C 1%tt !-fJi!r~T 
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1c1E[r~~tlzO)iMrll'.7i\.::ffi~:lf.;J~{!:; L- ---C, f&:1c1E[r~~tlz(1)1fy}J.I. 1J TftimO) c:::r1tttfJI.~ ~~;fa LJ:. "b 
O)'('&) 0 Q 

[0016] 
:fje---y ---C , f;'j'~'fxwik 1 (::l'l'f!;i:; ~ ht:.i-W:aRa*;i:;~ji"'Z·tL Jru:izli L-tc:: J:: -3 (::3/c$!0)%iffJ" ( ~l,t~I IJ;';­

c:m5E ~ nt:.'ff$ > *1tJJt:::.t:; it o3E~~O):JiiJiftlm~lit:kt::imL- ---cx-tM5---c·t ~\,, t \,, -3 rc,im,Q 
~1fTo o 

[0017] 

-t~~"")-t_:,, 1:.~cO)~~~~*t::J:: oiMr!ll--1::_-ff-!i, -f"~t-:h.0.iclffibfilx.. ---C 3/c$!0)~:Jii1i1/ 7 
"/ t--imt::tt L-tc::~~~itsi¥1f L--t~o i.Mi!llt:::@L- ---c L- :t -3 f~n i1r x.. G.h.o O c::. O)~~!ii'rmt 
fif Hleiz-:1Bmt ~ .h. ---c \,, o tc::lhi'&i¥1fi.Mill'.:o'-&it~(1) i 0) i::J:t:.1',o t ~ < ~ \,, 0 c::. O)t:.lh, ~-fii11 
1/ :'T '1/ J, $ (::ft L- tc::~~$,Jt ~ i'&1¥4 L- ---C L- :i. -3 tc:.· tt---c•7d., < , :k.J». O)J'.E1:=.JJ¥:~ t 7d.' o ;~h "b 
1r j_ G :h.f¼o O :i. tc::, ~!'h ---c .:f-h>:fil!f!.h. ---c :k.{t~ ~ -3 t \, 1 -3 $i'&h'3E1:=.T o;~.h. t, 1r j_ (-:, :h. 
0 0 m~lliL i'ti¥¥i~ll'.O)~\, ,:;f;:t::fEJ.•c~~~ JfjJJtT O;:. t ;o>1f j_ G.h.6 i?' .. JJx:~O)ig:£'1'-1.. ~ 
%.a"l~*-~~JJJ:W:, =i .7-.. t-~ t· O)ft!Lr;'ih> G i'rff.ltti!HleiU:V~O)tf.f}---C·£~~:Mff.lt-t o c::. t t::UtiJ 
tf.J;,j>(f -3 0 

[0018] 

*IJl(l) ~BJI~!ilfrJ~cO)FuiM,~ ~ 1¥1/'.iFiT X... < fl /7 ~~1 ~ :ffi:bt:.ia:W:, 3/c$!0)~:Ji,Ji 1/ 7 '1/ t- $ 

t::ffT o J:: -3 t::{i:~1/- t- ~ ~-\Ht 6 c::. t t:: J:: IJ , ~-fi,11$'.½\.flf':ll'O)~~{i:~ L- ---CfJtfftT o c::. 
U::J:: -7---C, ~~h1i'&i¥HJ:. I), 3E:k. l.◊t:. I), i--lf-h1.:f-t•J¥!f!.h. ---C t.i:k.{t L-~H¥1l'.(1) 
iMr!ll--1::_+1-(::J.l::.lh-t:r c::. t t;,---c-~ 6 c::. t ':!" Ji.W L-, *;i§;BJI':!"S'cff.lti""' 6 (::~ ---y t:. t.i 0)-C'&.l 6 ◊ 

[0019] 

T~frt;, .. *3EBJl!:l:ITTT~cO)Foi@,12.~1¥~iilfT 6 C::. t '.!:' ~Mt L- .. )'{jJJ;tO)~,fU:: J:: I) 3E~:i:.h' ~* L- ---C t.i, c::. O)~::i;;---t 63E~~t:: J:: I) ~~h'?'&1¥¥ L-t:. I) 3E:k..-J±-'9', ,ij!f!-7 ---C t.i:k.{t l~ \,, 
~ll'.(l)iMrI\tl:.-;1f-(::J.l::.ih0;:. t :ij,•ct!!: 0 i7ts8s*~5tii"'~f~1~---t 0;:. t ~§a"} t T 0 0 

[0020] 

[ !J@ ':!" 1¥+iRT -t:r tc::ih0).:f-f9;] 
*3E8JIO)J::.~c§af.Jui::J.rO)mmtt=J: '7l:@ff.lt~h6 0 -t~.t:>-t;,, *3EBJIO)~f:1cr!'i 1 t::J:: 6 
irtla*lf.~ii"'!i, i-ma~*lf.tlzO)~ffif!l.lJl::~~irtla*lf.Wt-"flrt::i!1icii"' ltc::~3/ct&:t, f~~:rc 
t&:~ 00 f!l.U (::j!lj~il:f L- tc::BUJttJx t , ITTT~c¥$ )'(; t1z O)ftilHllH:: j!lj~il:f L-t:.*t~:k)'(;il:5! t , ITTT~c¥$ )'(;;f!z 0) ~ 
ffi{Jl.lH::i1ititt:.~~t ~{Jm,Z ---C~ot.ms8s*lf.~ji"'(:::.t:,\,,---c, wric*l~:k3/c$!0)~:Ji,Ji1/-7 '1/ )---$ 

t::fiT Zi J:: -3 l::fi:~>- t- ~~i!ttc::C::. t ~f~~t T Zi o i.tc::1ruicfi:~1/- Hi .. t!:l-f:3/cWli'. 
O)ft.:f-:nffi1 t::iB -7 t::. ffi1 t c:. ft 1, ,ffJ:1-f: '.!:' L- ---c 1, , -t:r o 

[0021] 

;lp;lp{S mmtt ~ t c::. t (:: J.: -7 l .. i-7:ta8a*lf.~ri'.!:L wric¾l~-f:3/cvll{O)~{U::J.: IJ ~.ffi:$'.½\.iJl' 
~illi t:: ~ -7 ---c t.i , -z-0)~ ~ *l:f-f:3/cj)]!.O)Jc3/c$7i\.f!l.fJA... {i: x. o t:. ih, $71\.a"} t::illiflt__l:_::1'i'-h'* rt, 
-t 6ftffl':!"fflJtrJ-t i O)-c·mr~c~:Jii11v -7 '1/ t- t=tt-t 6 imttt:::ffiJ]10~B~~x.~1,, t 1,, -3 yJJ:W:':!" 
1:=.'9' o o :i. t:., {i:~1/- }--O)J!l[7:f.U:fw:1, 1 t.i 0)1::'&.l o tc::lhi-7:ts~*lf.5tii"'O)fr~{l:'..(::1,ffjJ!!~ t.i 
0) t ~ Zi yJJ:W: !· "lf T 0 o 

[0022] 
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( 5) fa¥1'l'f!2005-17556(P2005-17556A) 

:ttc::. *~13JIO)~l!i*JS20:li'J.t(JH:J::tl!;L WT~c{i:~>- Hi7Jv2.=-ryAi)>t,~6 C.: t ~ 
fa¥ttzt T 6 o iJ>:0°6fi!JJl¼t ~Tc.: t t:J::,:, -C, {i:~>- Hi, ~~ •~fi:~$--c&:n -C Ji~ 
'ti.:filli~:t-tf-1-T'JBJl¼T'e- 6 O)'{''. ~f,i}i:$71'-(:tfT 6 ff!i:t-t(:;ffT 6 1::::JillH:J:: 6JllitiP!6 ~3iJJ* J:: 
< , 'ti.:fillf~1J"$;-cfHiij; 9 6 :: t iJ;--z:• ~ 6 o 

[0023) 

:t tc::. *~□J10~i!13f<J!'i 3 0:li'J.~&:J::tl!X, {i:~y- t-U:¾l~R:'J\::i),ij(0'm:f.Ji'/ 7 ,;1 t- t:tfT 6 
~~t:Ii!i~ L -C~§Httc:: c:: t ~ fa¥'0& t T 6 ◊ iJ,iJ,.fi ffiJl¼t ~Tc:: t (: J::,:, -C. ii:~>- t- !:I: 
• 'm:f.Ji:ffli71'-T·~1=.T 6 i$i£0~'!6~:5: 'L stft 6 ~~J:::.1:·~0'Ut1rl:~1T '3 0---r-~JJ$J:: < ~~ 
(:>ftT 6i£Ilt---1::.:ff-~J!JiliiJT 6 c:: t iJ,--z:·t 6, :t t::., ii:~>- t-!i~~0-$(:iji(:Ii1i IJ ft 
It 6 ti.' ft0ffiliji~f'F*T·~i,t ft 6 C: t iJ,--z:· ~ 6 , 
[0024) 

:ttc::. *~13JjO)~l!i3f<J,t'140:li'J.~(:J::;h!;f, {i:~>- Hi7A2.=-7AiJ•(,~ I), ~ti~:'k;i),ij( 
0'm'.f.::!i'l 7 ,;1 t- &:;ffT 6~~t:ffi1i~ L -c~.lUJtc:: c:: t ~fa¥ttzt T 6 Q iJ,iJ,.fitilJJl¼t ~Tc:: t 
t: J::,:, -C, {i:~>- H;L ~ ~ •~fi:~*T'ifl,:, -C Ji ~'ti.:filli~t!fiT'JfJJl¼T'c- 6 01:·, 'm:f.)i: 
$a5t(:tt-t 6$:t,t(:;rt-t 0 ~i£t:J:: 6 J'!l);~~6 :tf:';l:JJ$J: < 'ti.:filli~JJ"$;T':M~lij;-t' -tJ C: C: ;o>'{'' ~ 
0o 
[0025) 

i tc::, {i:~>- Hi, ~f,i)i:$71'-'{'·~1:'_T~i£0~'!6 ~:5:°L§t(t 6 ~~J:::.t·~0m:1rl:~ff -3 
t::.n, xJJ$J: < ~Jfil':(:>ft-t 0i£e'.J:::.~~J!JiliiJ-t 0 C: t ti--z:•ea 0 o ~(:, fi:~>- Hi~Jfil': 
0-$t:1tt:Ii!i IJ 11ft 6 t..:'tt0ffiliji~ft*t·~~:tt 6 c:: t iJ,--z:-~ 6 o 

[0026) 

51:!t:. *;:1§;13}10)~]1/jtJ,Ei 5 O)j'i'J.~(:J::;h!;;f, ii':li:ifa*~ffi:O)~[l'ij{Jlj(:~tii':li:a~*~ffi:t .,:p<ff t:jllic 
@'. Lt::.~:'k:ffi:t, ~&~:'k:ffi:~OO{!flj(:JJ'ic@'. Lt::.BU!tffi:t, WJ~c~:'k:ffi:0)1ffiffi\{;:jllj2;@'. Lt::.*llk 
)UJllt, mr~~~)'C;ffi:O)~D'fff!!rrt:~l{ftt::.~~t ~(Jl/Lz_ -C~6i7?ii£1i*jf-;~il::H:i:l~•-C, WT~~~ 
~~fMH\f/:t-tt:J: IJ fi!Jnx. L, ~&£~0ff!Illc¾l~.k:'/ci),ij(0~f.Ji'/ 7 •;1 r-$t:1t-t 6 $71'-(:{i:~ Y 

- r- i· ~JHttc:: C: t i· feyttz c T -i:, o 

[0027) 

iJ'iJ'0 ti'il'Jl¼c ~-t c:: ct: J: ,:, -C, ¾JJU.k:'/ci),ij(0%'{U: J: IJ ~f.Ji$5i'-iJ1~i£(:~ -:i -C 'L, 7c 0 
~iJ'{i:~>- t- :a:-{i:b,:, -C'Vt1rl:-t 6 t::.n, $71'-i'ff.;rt:i£.1'.ltJ:::.:ff-iJ'~9"T 6{1cffl ~J!JiliiJ-t 6 0 
t·tMH\f/~0~Jfil':iJ''iif¥1'1/'.i"' -6 J:: '3 ~~t&:0.iJ%1=. :ff:- IWJ.1::.-t 6 c:: t iJ'nT'irnt:~ 6 ◊ 
[0028) 

[ .;J%BJIO)~)J(!,;O):Jf;!!'J.) 
.r,.::rL *~13JIO)~:/if!,;0 JfJ!!'J.0-{JIH:-:> ~, -C l:RIOO ~ ~~ L -C ~Jt13JIT 6 0 1:R1 1 !:.!:*.iJ%13JIO)~:/ii!i 
O):Jf:;1J'J.O)-{JIJ:tf:-3@'ffl Ltc::fi':li:a~*jf-;~@'.O)*D'ff :ff:- jf-;TJEOOl:RI. l:RI 2 !il:RI 1 t:t:, ft 6 i1:H''a*jf-; 
~@'.0~00:a:-jf-;-t~OOl:RI, l:RI 3 !il:RI 2 t::t:., It 0 $fr A :a:-~Jfil':iJ1iij;iJ>;htc::~.k1l'J.T·m:::k L -C jf-; 
-t~OOl:RI, 1:R14 !il:RI 2 t:i:l tt 6 $71'- B ~ ~~iJ,jij;iJ•h.t::.~.k!l'J.1:·m:::k L -C jf-;T~OOl:RI, 1:R1 5 
!il:RI 3 O)X - x~ :a:-tf/roo c Ltc::tflrOOl:RI, l;RI 6 Cil:RI 4 O)Y - y~ :a:-tf/roo c Ltc::tflrOOl:RIT'it') 6 

[0029) 

l:RI 1 , l:RI 2 &tf'l:RI 5 t:i:l~ ,"(, ii':li:la*jf-;~il'l ii. *OO(:jlli~ Lt::.ii':li:a8a*jf-;ffi: 2 t, ~Im(: 
JJ'ic Lt::.~~3 t, l:kJ$(:~l{fttc::~BJl~@'.4 t, ~BJl~@'.4 :a:-~~C::f¾(:J!X¾fl L, iJ•--=>ti':li:la 
1<jf-;ffi: 2 0JWl.illlU3~ •-Cii':li:J1i1<jf-;ffi: 2 ~ :Jz.z -0 q:i:1$ 5 • ii':li:J1i1<jf-;:@: 2 07~JWJ ~ f*~i" -0 :& 
Ji,~0):/$#;' 1 7 t iJ· htill'nx. ~ h. -c v, 6 0 £~ 3 -'('.0>41:/$ 5 !i' {Jlj ,z !:f' ;ff IJ t;, -;f;' i---1 t- ~ 
c:· 0fm H\f/1'-tiJ!ftffl 0 h. -ct , 0 ◊ 

[0030) 

l;RI 3 ~-1:m 6 (:;b~ 1 -C, ~RJI~@'. 4 Ii, ifta8a*jf-;ffi: 2 c .:,:P.fr(:~Jfil': 3 c rrw 5 0Fait:~l{tt t-:, 
tLtc::~:'k:ffi:6 t. z!;:'k:ffi: 6 0~1mt:JJ'ic@'.2-tL -c J.R!lltOO:a:-WJl¼T 6 &:!lftffi: 7 t. ~:'k:ffi: 6 0 
ftii\l$t:ifh-C~.ll:ft hh.tc::¾.&~.k:'lcWll st iJ• hfi!Jnx. 2- h. -c ~ 1 6 o ¾.&~.k:'/cWll 8 !i, z!;:'lcffi: 6 0!!ifil 
,m:;b ~ ,"(. tj=t;f$ 5 C ~~ 3 t 1:':JfJnx.2' h.tc::~Fsifkl (:jlli2:2-h. -c ~ l 0 0 

[0031) 
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( 6) ta¥1'l'f!2005-17556(P2005-17556A) 

+ l Z , it1k*wJ! 8 ! i~ita1(ii iJ, t, ~ "L + ('/ii" 9 0 jjljjftim0~taJi 1/ ;r ,:; r- 1 o iJ,~aJ15tii' 4 
0~/llrS!iJJ"-t·;t tJ, iT:?is~${:>FfOC 2 c -'fOOl'ri.Jl::J! Z~~ t,~1., ,{JLii'l::t:n ,z ~~ 3 t i:p;J$ 5 t:: 
{fscf'T, ~JE'.~tL Z \ ,-5 o :,;et::, ll1llFlk*wJ! 8 U¥*t!x 6 0-ftlmt !i, U~ J::.l::ttr 01!:IJff (, tL 
t..:wTnH10B~JH:,,-r- l U::J:-:iZ~h:ibitLZ\-•-bo C.:.O)Bz!H:,,-r-1 Hi, fy!Ji_!;f, 
;t~ 1) I. 1-V ✓TV 7 -51 v- r- ( p ET) fp (~ ~ ◊ Ef r'!.O)rmH~~1/- )'-;!)>f'£ffl ~h z \, \ 0 0 

¾l1k*$!80)';i°9 $,n"-U~JJf:,,- r- 1 1 c O)F,m::tL 1 ~3{1fi10) 1J ::-,,;i·ttO)Ft:ti~Sli:tt 1 2 
;!]'>-frftlt ~ tL Z 1.,, 0 ◊ ::. O)Ft:tillwit'J\:tt 1 2 tl:, RJ;JfJJJl-¥ t" J°§:J60 0 t..:<lb*l1k*Wl! 8 c RJ;Jf :,,- r-
1 1 c O)Ft:t''H:: -JE'. 0) FJ!llwi ~ {:litl'a¥-t 61'1nlt c T 6 ..: c ;,j{:iZ:F .i l Ii 1 ◊ 

[0032] 
~taJi'/;r-:; r-1 0 tfiT0~~3l::!i, ~fi:}:il-¥0J°§:Jli•7Jv2=-".7Lh'0~0{:z;:~S.,- r-
1 3;,j,fli1i~~tLZ\-100 ,.:O){:z;:~:,,-]'- l 3!i-N:1fJBO)Jf:;1ftt·;t-:iZ~taJi1/;r,:; r-1 O c 
~~si.J t::ti-t 0 $JJ'"7J• (,ig 9 0)1f r/rJ"'-N < {$V'Z \- 1 0 o -::i .i tJ {:z;:~S.,- r- 1 3 !i, ll1llF1k* 
Wll 8 0-N:+1fr/rJt::ifh t.:::r/rJt t::-N;i., iJB1k ~ l Z 1., i 6 Q 

[0033] 
z!*t!x 6 LL -f"O)'WTififlli?J'*RJ;JfOO c ~- -5 J: j l::R!l!tt!x 7 ~Wcii' lt::.IJ', -f"O)iETifil::U* 
;fJ.t"itz:,,-J---1 '1, 7° 1).::(L:,,-r- l 5~flV!LZ*ili!l!tffih1%nx.~tLZ\-•6o 
[0034] 

;xi=, *?eaJ:IO)~jji!!,O)Jf:;Jl'JO)-fyi)l:::f:; tt .:s mnx:0iT:?iJlsJ+-l~aJ:15tii'O)i!J{tt::-::i \- 1-C~JtaJ:1-t -5 

[0035] 
*$!8 O)jjljjftim$l::%nx.~tlt::.~ta:Ji1/7 '1/ r- 1 O pg0~taJit::~~l Z -f-O)Ft:ti·e:1&~~ ~-1±-Z 
*Wl! 8 ~;l§;*~-lt-5 t, ..: O)*!i, R!l!t :.-,- J~ 1 1 t::J: -y Z R!l!t~tL Zz!*t!x 6 O)ftim:/:P t, 
r'l$t::~-5 o ~*t!x 6 r'lt::~ -:i t..:*!i, 'W000R!l!tt!x 7 t::J: -:i Z i£1ffiO)*/:e!l!fOOl::~;o'h 
-5 0 )t teMTiiH::~;!)>flt..:)U:L )t;fJ.tm >- l- 1 4 ' 7° IJ ;:(L >- l- 1 5 ~ ~:i&'! l l iT:fis8s* 
:iFt!x 2 ~ 'Wffi;,j> ½ ~ ½ --t 0 

[0036] 
iT:?ils*:iF~ii' 1 ;,j,,J,~-eib-ti c , ¾l1k*wJ! 8 0'ii° 9 O)l!~:1:¥.?J1 , f7lLt!:.L 1 ~4 m mt¥Jt0 
tali<lb Z ¾Hit I l, 0) t ~ -5 ◊ + l Z , ¾l1k*wJ! 8 !i, -N:ffi5'~'10)1'£JtH:: J: -:i Z %' {I:. l, tit::, ~,\t 

~t!R!rt::m5E lt::.~$5K:l!:JH::~ -:i Z < -5 t ~taliS!iJJ"-0-%'{1:.?J';&,iit::,iiM'f l, ~~~tali 1/ 7 '1/ r-
1 o $JJ'"O)JE~£7J';&,fttl::~*T 6 o 

[0037] 
-msi.Jt=¾t1k*wJ! s O)'g 9 SliJJ'"t:::1:,1i ,z ?e1=.-t .:s ~ti:, ig9SliJJ'" t~~ 3-'7$;J$ 5 c O)rEI, 
t::J:ltl!lts1.::zrz-;z;,j,;6.:St::.<lb, ~f:il;;;l'r\Jt::t~-t::{i:AJ 'Jlbli•◊ !_,;,j, l~:li,1_,_1/ Y ·1 l- 1 Ot'1=. 
L-5~!:l:, ~;fiili'/7•:; r- 1 0;,j'>IBMftt1k!l.&t::~-:iZ\ 1 -bO)t·, JE~Wli:O)~;fi,Ji'/7•:; l- 1 o 
0)$5:H::..: l, -:i Z l .i -3 o 

[0038] 
l;,j• l ~;,j{ t;:,, ..: O)~!i~tali 1/ 7 -:; l- 1 o (::ti lt..:{JL1l"tl::ib-5{i:~>- l- 1 3 l::{i:h 0 , 
Ii" 9 01f "'-{i: h -:i Z t 1 < o 

[0039] 
¾§1:k)t~ 8 !i, !i@ l::si; (t_;,j,:Jl u c ~Jt;,j, (RT l Z ~aJ:l~M c l Z O)f~ § ~:Wet::.~~ < ~ tJ 
f<£J+-l;,j'>f,i,; ll:~tL-5 o +tLi t•tL ~tali'/ 7 ·1 l- 1 o 7J'½JE1=.T-5 ~!iii:~>- l- 1 3 t·JJ.t 
"itz~tL, ~~ 3 ~itJjg!/'.T 0 J: ~r&ilfuti~:friJ,1=. L~\-, o 

[0040] 
~;B' ~-~O)ma5IL 1J't5[ZO){i:~>- r- 1 3 ~ JtW1Z \, )~\, •~i'rl::!i~:J;,J:!1/ 7 "1/ r- 1 0 $ fr 
(:::!:, t-J -5 ~~ 3 t·O)jlfu!J{iJ; 9 0 ° J.,,jJ::.(:: i z--~-:i Z \ ,td.r;, {i:~>- l- 1 3 ~ Jijh6 ::_ t 
(:: J: 0 , fM,_JJ;:;,j, 8 o O 11J!i£ t'T ;o'-:i tc: o ..: tLl:: J: 0 tMH~~O)~~ 3 -C'ib-:i Z t iE/!11'.T -6 
..: c ?J'~ < ~-:i tc: ◊ 
[0041] 

J::.~ l tc: J: -3 t::*JEaJIO)~fi& O)Jf:;!l,t;,O) ·f7lH:: J: tL!:L iT:?iifliJl<:iFJ+-1 O)~aJ15tii' 4 !i, -f-0) tl 
1:k*Wl! s crJ~foli 'I,;,- '1/ t- 1 o t:.:tiitf .:s~iB SliJJ'"t:.:, (°§:J\, 1i\'Mi:~I¥crJt-1f--1-·cs .:s 71v 2.:.:. 
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'7 Li?" h ~ 0 fi:~ ::,,- l-- 1 3 ~ !li'i~ lJ:: b 0 ~ fil/Lz T \, 1 0 o f-0t::.II:>, ¾J:f-fc:'JcwJ! 8 h{~ fl 
L:~,liili 1/ 7 '1/ r- 1 o iJ· h 0.§'e.~;.ii~:;fd.J k ::. 0~tl:J:t.J!tsea-\J t=*OOfff 0* '2- \, •1i:~ Y 
- r- 1 3 t•fJ1:1ifr~ :h0 o 1ft-:> T, i.M..&iJ,-;,~ t=$:9" LT $-5i'--l'I-\J(= 1::::JillH=~ 0 C::. t iJ'iinK t· 
'2- 0 0 

[0042] 

ta¥t=, i-7:lils*~~iii l thhl:!i:lt•ri~0:tJ;i'it=«>-:> T LL $;~ 3 t 'm:,liiJi1/'.'.T '1/ J--- 1 O t 0F,:i'J 
t=~~l'l'.Jt=Fs'-l~J/liJ1~ < :t:ijj!lrt 0 J: -3 ~:f-fci1H=~6 0t·, 1i:~::.-,- J--- 1 3 t=J: 0~0fJ1:'ittO) 
JJJ~!:!:*2- \,,0 

[0043] 

i¼l, *.§'e.BJIO)~.fjf!lyi'~~O)-ffiJtt:L ~~ 3 t=fi:~y- l-- 1 3 ~ii'i~ Lt::.hl, ii'i~T ◊Xi~ 
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PROCEDURE AND APPARATUS FOR CONTROLLING THE TEMPERATURE OF A 

DISPLAY SURFACE 

The present invention relates to a procedure as defined in 

5 the preamble of claim 1 and an apparatus as defined in the 

preamble of claim 5 for controlling the temperature of a 

display surface. 

The procedure and apparatus of the invention, which are 

10 hereinafter also referred to by the common designation "so­

lution of the invention", is particularly well applicable 

for use for controlling the display surface of electric dis­

plays, such as TFT, LCD, plasma or similar display devices, 

either by cooling, heating or in some cases even drying the 

15 display surface. This type of electric displays are also 

referred to as digital displays. 

Aforesaid displays provided with a digital display surface 

have been mainly used in indoor spaces, which is why they 

20 have generally been non-encapsulated. The display surface of 

the display has therefore been in direct contact with ambi­

ent air, and consequently it has been impossible to control 

the temperature of the display surface accurately enough. 

Still, this type of displays generally work without major 

25 problems in indoor spaces because the air circulation rate 

is sufficiently high to prevent the display surface from 

becoming overheated. However, as displays used for different 

purposes have been gaining ground, there has arisen the 

problem that a bare display surface can not be left exposed 

30 to touch by people. Such exposure may lead to damage of the 

display surface in consequence of vandalism or otherwise due 

to the surface being accidentally touched with excessive 

force. For this reason, a display surface that is exposed to 

touch by people has to be protected with a pane of glass, 

35 plastic or equivalent placed in front of the display sur­

face. Often it is also necessary to encapsulate the entire 

display. However, such encapsulation and protective plate in 

front of the display surface easily cause overheating of the 

display surface, which is due to the display's own heat pro-
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duction, the sun or other external heat sources or the com­

bined ef feet of these. Overheating may reduce the service 

life of the display if it e.g. causes local· damage to the 

display, or overheating may damage the whole display beyond 

5 repair. 

Due to the difficult control of temperature of the display 

surface, it has been difficult to use aforesaid electric 

displays outdoors where the display surface is more readily 

10 exposed e.g. to direct sunshine, which might cause excessive 

heating of the display surface. Besides, bright sunshine 

affects the visibility of the display surf ace. In bright 

illumination and in sunshine, the display' s own brightness 

has to be increased, and consequently the additional power 

15 needed to form the image and increase the contrast produces 

a higher surface temperature of the display, thus heating 

the display surface further. Likewise, when used outdoors 

the display surface may be exposed to other extreme condi­

tions, e.g. rain or low temperatures, in which aforesaid 

20 electric displays do not necessarily work without a heating 

arrangement. 

In prior art, international patent application no. WO 

01/99482, among others, discloses a solution for cooling an 

25 encapsulated electric display. However, the solution accord­

ing to this WO specification concentrates on cooling the 

components located in the rear part of the display casing 

and on cooling the rear part of the plasma display, as is 

stated on lines 1-10 on page 2 of the WO specification. In 

30 addition, from Fig. 2A and 2C of the WO specification we can 

clearly see that the display surface 21a is outside the cas­

ing and the cooling air gap Eis on the opposite side of the 

casing, behind the display 21. Al though the display is en­

capsulated, the display surface in this solution, too, is in 

35 direct contact with ambient air, so it is not possible to· 

reliably implement control of the temperature of the display 

surface, and the display surface is exposed to vandalism and 

damage from being touched. 
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Previously known is also a solution as disclosed in British 

patent application no. GB2357178 for controlling the tem­

perature of a plasma display in a case where the plasma dis-

5 play is enclosed in a hermetic casing provided with a trans­

parent front plate to prevent disturbances caused by dust 

and other particles present in the air. In the solution ac­

cording to this GB application, the cooling air is taken 

through filters directly from the external air surrounding 

10 the casing and returned after the cooling function from the 

casing directly back into the space outside the casing. 

Therefore, controlling the temperature of the air taken from 

outside the casing may prove difficult because the tempera­

ture of the air may change even very quickly e.g. when the 

15 sun emerges from behind a cloud and heats the air. Likewise, 

displays used outdoors are exposed to large temperature dif­

ferences in different seasons, and therefore correct control 

of temperature is difficult. Moreover, in the solution ac­

cording to the GB application, the air stream is blown into 

20 a gap 26 behind the display panel, between the display panel 

13 and an auxiliary panel 12 behind the display panel, and 

not into the gap between the transparent front plate·14 and 

the actual display surface. Consequently, control of the 

temperature of the display surface itself is not as fast and 

25 efficient as it could be. Besides, in the solution according 

to the GB application, the air stream is not equalized in 

any way, so the air stream may be different in respect of 

cooling/heating power in different parts of· the display. In 

difficult conditions this may result in damage e.g. to a 

30 part of the display surface. 

Thus, both non-encapsulated displays and partially or com­

pletely encapsulated displays still have the common drawback 

that no reliable arrangement for controlling the temperature 

35 of the display surface has been achieved, and consequently 
the use of electric displays is restricted. 
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The object of the present invention is to overcome the 

above-mentioned drawbacks and to achieve a simple and reli­

able procedure and apparatus for controlling the temperature 

of the display surface of an electric display, in which so-

5 lution the display surf ace of a display placed in a casing 

can be provided with a protective glass pane or equivalent. 

A further object is to achieve a procedure and apparatus 

that will enable the use of an electric display for many 

different purposes and in many different places of applica-

10 tion. The procedure of the invention is characterized by 

what is disclosed in the characterization. part of claim 1. 

Correspondingly, the apparatus of the invention is charac­

terized by what is disclosed in the characterization part of 

claim 5. Other embodiments of the invention are character-

15 ized by what is disclosed in the other claims. 

The solution of the invention has the advantage that, being 

completely encapsulated, the display device, in more simple 

terms the display withstands all kinds of external condi-

20 tions, including exceptional situations, whether caused by 

weather or man. An additional advantage is that the encapsu­

lated construction with the display surface placed inside a 

casing enables the control of the temperature of the display 

surface to be reliably implemented so that the limit tem-

25 perature values specified by the manufacturer will not be 

exceeded under any circumstances at any point of the display 

surface. The advantages resulting from this include a longer 

service life of the display and more versatile possibilities 

of use of the display than at present. The display can be 

30 used both indoors and outdoors and also at a close distance 
from spectators as the display surface is protected against 

touch. A further advantage is that the casing of the display 

can be easily provided with a cooling system, allowing a 

display provided with the solution of the invention to be 

35 safely used even in reasonably hot outdoor conditions. An 

additional advantage is good sound insulation of the fans 
used, because the fans producing the air streams are placed 

as far away from the front edges of the air ducts opening in 
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the spectator's direction, so that the fan noise carried by 

the air stream travels through as long a distance in the air 

duct as possible. Yet another advantage is that the closed 

box-type structure also protects the display from dust, 

5 sand, water and other harmful materials. A further advantage 

is that, as a constant dynamic pressure is maintained over 

the entire width of the display surface, the velocity of the 

flow of circulated air can be equalized over the entire 

width of the display surface, so a sufficiently even flow 

10 velocity is achieved even in the display surface edge areas 

having the greatest flow resistance. 

In the following, the invention will be described in detail 

with reference to an embodiment example and the attached 

15 drawing, wherein 

Fig. 1 presents a technical solution according to the 

invention in simplified and diagrammatic form in 

side view, 

20 Fig. 2 presents a technical solution according to the 

invention in simplified and diagrammatic form in 

top view, and 

25 

Fig. 3 presents a technical solution according to the 

invention in simplified and diagrammatic form in 

front view. 

To provide an understanding of the solution of the inven­

tion, first a technical solution implementing the procedure 

of the invention for controlling the temperature of the dis-

30 play surface of an electric display will be described. Fig. 

1 presents a simplified and diagrammatic cross-sectional 

side view of a casing 1 according to the invention. An arrow 

pattern 9 represents the circulating air stream used to con­

trol the temperature of the display surface 6a. The casing 

35 structure comprises e.g. a thermally insulated envelope 2, 

which has an open front provided with a transparent protect­

ing element 3, such as a glass or plastic plate or a corre­

sponding transparent structure. The envelope 2 and the pro-
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tecting element 3 together form a substantially closed and 

substantially watertight and airtight casing structure, in­

side which a display device 6, i.e. a display provided with 

a display surface 6a can be mounted. 

Provided in the upper part of the envelope 2 is an air duct 

4a of a width covering substantially the entire interior 

width of the envelope 2, which air duct f orrns a hollow 

structure with an L-shaped cross-sectional profile such that 

10 a first branch of the L-profile is substantially parallel to 

the interior upper surface, i.e. ceiling of the envelope and 

adjoins the ceiling of the envelope 2 while a second branch 

of the L-prof ile is substantially parallel to the interior 

rear surface, i.e. back wall of the envelope 2 and adjoins 

15 the inner surface of the back wall of the envelope. In the 

lower part of the envelope 2 is an air duct 4b corresponding 

to air duct 4a and placed in an upside-down position with 

respect to air duct 4a and adjoining in a corresponding man­

ner both the back wall of the envelope 2 and the interior 

20 bottom surface of the envelope 2. The front edges of the 

first branches of the air ducts 4a and 4b, i.e. the branches 

at the ceiling and bottom surfaces of the envelope 2 extend 

to the front part of the envelope 2, close to the rear sur­

face of the protecting element 3. 

25 

The air duct 4a in the upper part of the is provided with at 

least one fan 5a, which sucks air used for controlling the 

temperature of the display surface 6a from the air duct 4a 

and blows the air further into a space 10 in the rear part 

30 of the envelope 2, which may contain e.g. display components 
producing turbulence in the circulated air stream. The fan 

Sa is secured to the second branch of air duct 4a, i.e. to 

the branch adjoining the rear wall, close to the space 10 in 

the rear part. Similarly, air duct 4b is provided with a fan 

35 5b secured to the second branch of the air duct, i.e. to the 

branch adjoining the rear wall. The fan 5b sucks air from 

the space 10 in the rear part of the envelope 2 into air 
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duct 4b and blows it further through the air duct 4b towards 

the front part of the envelope 2. 

The front part of the air duct 4b in the lower part of the 

5 envelope 2 is provided with a throttle element 7b, such as 

an air gap or equivalent, throttling the circulated air 

stream and having a width substantially covering at least 

the entire display surface 6a, the effective cross-sectional 

area of the throttle element being smaller than the effec-

10 tive cross-sectional area of air duct 4b after fan Sb. Cor­

respondingly, the front part of the air duct 4a in the upper 

part of the envelope 2 is provided with an exhaust element 

7a, such as an air gap or equivalent, for the exhaust of the 

circulated air stream, said exhaust element having a width 

15 at least substantially equal to the entire width of the dis­

play surface 6a and an effective cross-sectional area at 

least equal to the effective cross-sectional area of the 

throttle element 7b. 

20 The display device 6 is so placed inside the envelope 2 that 

between the display surface 6a and the protecting element 3 

there remains an air gap 8 having a substantially uniform 

width and oriented in a direction parallel to the plane of 

the display surface 6a, in which air gap the circulated air 

25 stream 9 produced by the fans Sa and Sb has been fitted to 

rise along the surface of the display surface 6a from the 

lower part of the envelope 2 to its upper part to control 

the temperature of the display surface 6a. 

30 Fig. 2 correspondingly presents a simplified and diagram­

matic cross-sectional top view of the casing structure 1 of 

the invention. The arrow pattern 13 indicates the path of 

the cooling replacement air in the casing structure 1 of the 

invention. Placed on each interior side surface, i.e. side 

35 wall of the envelope 2 has a hollow air duct lla and llb of 

L-shaped cross-sectional profile substantially corresponding 

to air ducts 4a, 4b. The first branch of the air ducts lla, 

llb adjoins the side wall of the envelope 2 and the second 
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branch adjoins the rear wall of the envelope 2. Air ducts 

lla and llb are mitred with air ducts 4a and 4b and fastened 

at the mitre to air ducts 4a and 4b, so that the four air 

ducts together form a structure resembling a picture frame. 

5 The hollow interiors of air ducts 4a and 4b are mechanically 

insulated from the corresponding interiors of air ducts lla 

and llb either at or near the mitre to separate the air 

streams circulating in the air ducts from each other. 

10 The vertical front side of the envelope 2 is provided with 

one or more air intake openings 14a communicating with the 

opening at the front edge of air duct lla. Air duct lla is 

provided with at least one fan 12a, which sucks replacement 

air into the air duct from outside the of the envelope 2 

15 through the intake opening 14a and blows the air further 

into the space 10 in the rear part of the envelope 2, where 

the replacement air stream 13 is mixed with the circulated 

air stream 9, cooling, heating or drying the circulated air 

as necessary. In the labyrinthine structure of the space 10 

20 in the rear part, the replacement air is well mixed with the 

circulated air, so that the temperature of the circulated 

air is rendered as even as possible. The fan 12a is fastened 

to the second branch of air duct lla, i.e. to the branch 

adjoining the rear wall, close to the space 10 in the rear 

25 part. Similarly, air duct llb is provided with a fan 12b 

attached to the second branch of the air duct, i.e. to the 

branch adjoining the rear wall, which sucks air from the 

space 10 in the rear part of the envelope 2 into air duct 

llb and blows it further through the air duct llb out of the 

30 envelope via one or more exhaust openings 14b provided in 

the vertical front side of the envelope. As the air intake 

and exhaust openings 14a, 14b are located in the front side 

of the envelope, the display casing can even be embedded in 

a wall or a corresponding mounting surface. 

35 

Fig. 3 presents a simplified and diagrammatic cross-

sectional front view of the casing structure 1 of the inven­

tion. For the sake of clarity, the figure only shows the 
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circulation air 9 flowing upwards along the front side of 

the display surface 6a of the display device 6. Correspond­

ingly, behind the display device 6 the circulation air 9 

flows downwards, as can be seen from Fig. 1. The replacement 

5 air stream 13 mainly separated from the circulated air 

stream 9 is sucked via fan 12a into the space 10 in the rear 

10 

15 

20 

part, circulated in a substantially horizontal direction and 

blown out of the casing 1 via fan 12b. Thus, the display 

surface 6a is never directly exposed to raw air from outside 

the casing but only to air mixed in the circulated air 

stream 9. This results in easier and better filtering of the 

air used to control the temperature of the display surface 

6a. 

In the casing structure 1 of the invention, the circulating 

air stream 9 produced by one or more fans Sb creates an 

overpressure in the lower part of the of air duct 4b, be-

cause the cross-section of the throttle element 7b in the 

fore part of the air duct 4b is smaller than the cross-

section of the air duct 4b. The result of this is that the 
pressure is equalized in the throttle element 7b and the 

circulating air stream is evenly distributed over the entire 

width of the throttle element 7b, and therefore a substan­

tially smooth circulated air stream 9 of uniform temperature 

25 is flowing at the same velocity through the throttle element 

7b, rising upwards in the gap 8 along the display surface 6a 

of the display device 6. 

By means of the circulating air stream 9, the temperature of 

30 all pixels on the display surface 6a is controlled by sup­

plying circulation air at a temperature as required in each 

situation to the display surface 6a at least over the entire 

width of the display surface and at a sufficiently high flow 

rate. Placed in the upper part of the air gap 8 and the dis-

35 play surface 6a are one or more temperature sensors, by 

means of which a correct temperature of the circulating air 

is maintained. Generally a temperature adjustment of the 

circulating air stream 9 effected by using the replacement 
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air stream 13 is sufficient. To prepare the casing 1 for 

difficult conditions, it can be provided with one or more 

heating elements to heat the circulating air when necessary 

on the basis of the information obtained from the tempera-

s ture sensors. Similarly, the casing 1 can be provided with 

one or more cooling elements to cool the circulating air 

when necessary on the basis of the information obtained from 

the temperature sensors if the cooling effected by using the 

replacement air stream 13 is insufficient. In addition, the 

10 apparatus comprises controlling and adjusting elements for 

keeping the circulating air stream 9 at a correct tempera­

ture or within correct temperature limits. For the sake of 

clarity, the figures do not show the temperature sensors, 

heating elements, cooling elements and controlling and ad-

15 justing elements. 

According to the procedure of the invention, the control of 

the temperature of the display surface 6a of a display de­

vice 6 is implemented e.g. as follows: In the procedure, a 

20 circulating air stream 9 is circulated inside a substan­

tially closed casing structure 1 by blowing circulation air 

by means of a fan Sb into an air duct 4b and throttling the 

flow of the circulation air 9 away from the air duct 4b by 

means of a throttle element 7b so as to create in the air 

25 duct 4b an overpressure equalizing the circulating air 

stream 9. The overpressurized circulating air stream 9 is 

passed further via the throttle element 7b at an even flow 

rate along the display surface 6a of the display device 6 

substantially upwards in an air gap 8 between the display 

30 surface 6a and a protecting element 3 placed in front of the 

display surface 6a, 

display surface 6a. 

at least over the 

From the air gap 8, 

entire width of the 

the circulating air 

stream 9 is passed further via an exhaust element 7a into an 

air duct 4a from which the circulating air stream 9 is 

35 sucked by a fan 5a into a space 10 in the envelope 2 behind 

the display device 6, in which space the circulation air is 

mixed at least when necessary with replacement air sucked 

into the envelope 2 from outside the envelope 2 via an air 
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duct lla by means of a fan 12a to keep the circulating air 

stream at a desired temperature or within desired tempera­

ture limits. 

5 In addition, the circulation and replacement air is used for 

cooling display device components placed in the space 10 in 

the rear part. When necessary, the circulating air stream is 

cooled or heated by means of a separate cooling and/or heat­

ing element. The replacement air stream 13 is partially 

10 mixed with the circulating air stream 9 and passed out of 

the envelope 2 via a fan 12b and an air duct llb. In addi­

tion, the circulating air stream 9 and the replacement air 

stream 13 are prevented form being mixed with each other 

except in the space 10 in the rear part of the envelope 2 

15 behind the display device 6. 

It is obvious to the person skilled in the art that the in­

vention is not limited to the embodiments described above 

but that it may be varied within the scope of the claims 

2 0 presented below. Thus, for example, the structure of the 

envelope and the structure and number of the air ducts may 

differ from those described above. Likewise, the placement 

and number of fans may vary. Similarly, it is obvious that 

the intake and exhaust of replacement air as well as the 

25 circulation as a whole may be implemented in ways differing 

from those described above. For example, the replacement air 

can be taken from the side of or from behind the casing, and 

it can also be exhausted to the side of and behind the cas­

ing. The replacement air can also be taken into the casing 

30 or exhausted from the casing at a point near an area con­
taining components that require e.g. special cooling. If 

necessary, the replacement air can also be taken in and ex­

hausted from the same side of the casing. 

35 It is also obvious to the person skilled in the art that the 

elongated opening presented above as a throttle element may 
also consist of a series of smaller apertures or holes, 

which may be disposed in more than one row. The essential 
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point is that the throttle element or equivalent is used to 

equalize the pressure of the circulating air stream in the 

air duct and thus to distribute the entire circulating air 

stream over the entire width of the display surf ace. It is 

5 also obvious that, instead of consisting of aforesaid aper­

tures or holes, the throttle element may also be formed e.g. 

directly on the basis of the mutual positions and shape of 

the display device, protecting element and fore part of the 

air duct. It is likewise obvious to the person skilled in 

10 the art that, instead of throttle elements of fixed shape 

and size, the opening of the throttle element may be adjust­

able. 

It is further obvious to the person skilled in the art that 

15 the pressure, velocity or equivalent of the air stream be­

fore it flows onto the display surface 6a can also be equal­

ized without an actual throttle part reducing the cross­

sectional area of air duct 5b. In this case, using a high 

power with fan 4b, in the air duct Sb after the fan 4b a 

20 pressure is created that has a magnitude such that the whole 

air duct forms a kind of throttle functioning as an equaliz­

ing element and the pressure as well as the rate of flow are 

equalized before the air stream reaches the lower edge of 

the display surface 6a. in this case, air duct Sb may have a 

25 substantially constant cross-sectional area throughout its 

length. 

It is additionally obvious to the person skilled in the art 

that the air intake opening 14a at least for the replacement 

30 air stream 13 may be provided with a filter to prevent dust 

and other small particles present in the air from getting 

into the replacement air stream 13. 

It is further obvious that, instead of being formed from 

35 plate-like structural elements, the air ducts may also be 

formed by the components and other structural parts of the 

apparatus. 
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CLAIMS 

l. A procedure for controlling the temperature of the dis­

play surface (6a) of an encapsulated display device (6), in 

5 which procedure the display device is placed inside a casing 

(1) provided with a transparent protecting element (3), and 

in which procedure a medium, such as air, is circulated in 

the casing (1), characterized in that the flow of the circu­

lated air stream (9) is equalized and after the equalization 

10 the air stream (9) is caused to flow along the display sur­

face (6a) of the display device (6) over the display surface 

( 6a) . 

2. A procedure according to claim 1, characterized in that 

15 circulated air stream (9) is throttled to equalize the air 

stream by means of a throttle element (7b) placed below the 

display surface (6a), whereupon the air stream (9) is passed 

over the display surface (6a) through an air gap (8) between 

the display surface (6a) and the transparent protecting ele-

20 ment (3) in front of the display surface (6a). 

3. A procedure according to claim 1 or 2, characterized in 

that the circulated air stream (9) is passed after the dis­

play surface (6a) via an air duct (4a) provided inside the 

25 casing (1) into a space (10) in the rear part of the casing 

(1), in which space the circulated air stream (9) is mixed 

if necessary with replacement air taken from outside the 

casing (1), after which space (10) the circulated air stream 

(9) is passed again through an air duct (4b) provided inside 

30 the casing (1) via the throttle element (7b) into the air 

gap (8) and over the display surface (6a). 

4. A procedure according to claim 1, 2 or 3, characterized 

in that the temperature of the circulated air stream (9) is 

35 monitored by means of temperature sensors and, when neces­

sary, the circulated air stream (9) is either heated or 
cooled by means of a separate heating or cooling element. 
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5. An apparatus for controlling the t_emperature of the dis­

play surface (6a) of an encapsulated display device (6), in 

which apparatus the display device ( 6) is placed inside a 

casing ( 1) provided with a transparent protecting element 

5 ( 3) , and which apparatus is provided with at least one fan 

(Sb) for circulating a medium, such as air, in the casing 

(1), characterized in that the apparatus is provided with at 

least one element for equalizing the circulated air stream 

( 9) , which equalizing element, as seen in the direction of 

10 the circulated air stream ( 9), is placed between the fan 

(Sb) and the display surface (6a). 

6. An apparatus according to claim 5, characterized in that 

the apparatus is provided with at least one throttle element 

15 (7b) functioning as an equalizing element, which, as seen in 

the direction of the circulated air stream ( 9), is placed 

between the fan (5b) and the display surface (6a). 

7. An apparatus according to claim 6, characterized in that 

20 the throttle element (7b) is placed in the casing and that 

the throttle element (7b) is an elongated opening of a 

length at least corresponding to the width of the display 

surface (6a), the cross-sectional area of said opening being 

smaller than the cross-sectional area of the air duct ( 4b) 

25 between the fan (Sb) and the opening. 

8. An apparatus according to claim 5, 6 or 7, characterized 

in that the front wall of the casing ( 1) consists of a 

transparent protecting element (3) placed at a horizontal 

30 distance from the display surface (6a) of the display device 

(6) so that the protecting element (3) and the display sur­

face (6a) have an air gap (8) between them through which the 

circulated air stream (9) is passed over the display surface 

( 6a) . 

35 
9. An apparatus according to any one of the preceding claims 

5-8, characterized in that, in addition to the aforesaid 

components, the casing (1) is provided with at least an ap-
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erture-like exhaust element (7a) for exhausting the circu­

lated air stream, an air duct (4a) and a fan (5a) for pass­

ing the circulated air stream ( 9) over the display surface 

(6a) as a smooth flow inside the casing (1). 

10. An apparatus according to any one of the preceding 

claims 5-9, characterized in that the apparatus is provided 

with air ducts (lla, llb) and fans (12a, 12b) connected to 

the air ducts (lla, llb) for taking in replacement air from 

10 outside the casing (1) and mixing it with the circulated air 

stream (9) in the space (10) in the rear part of the casing 

and for exhausting it from the casing (1) after the mixing, 

and that the air ducts ( 4a, 4b) guiding the circulated air 

stream ( 9) are mechanically separated from the air ducts 

15 (lla, llb) guiding the replacement air stream (13). 

20 
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Willc.~IZih~ffl~ijlZiJJ l --CWJllcffilf/fJilllJ:ttll;fflt:(:::: J:,:, --C M~in 0 V1!i~;/NT 0 :7 -1 ~ :.,:7··z-, WI 
icfl[~r"lt=~~ttG:ht::.illlHt-e>-ttJ: 1')0)/f:ljJ(::J: I')' ir)o~•!i, *~'"to*~*TO)J,~f:T 
.$(:::: J: -J --c;i;,mPi" 0 J: :ii:::: Lt::. c.:. t z-t'ef:a& ti" 0 ~t:::xra 1 ~ciJGO)'lffffl*~~@'." 
[ ~ff:::XJJf 5] 

mrnt2.~1ZihfJ!Hl!i, t-:5' (::::J: -J --C@JJ!ti;:T 6 >·Y 7 }, t , ~E>·v 7 ), t Wiit2Jilf/fJilllJ:ttlllm c ~ 
1im L, i?'"'J, Jrullc>-v 7 l--- O)@Jifij:;(::::J: ,:, --C ~JilfnJilliJ:tt!IW~ ln.llla¥(::::M~1:R1W. t ~1&1Ktt!t t 
-t {'., 1J >;, t 't'·mnx: l t::. c.:. t z- ta¥JJ& t -t {'., ~i:::xri 1 ~cl!i:O)'li'fffl1<~~@'., 

[ ~13JIO)~$-i1:Hl~~~am 
[ cJ1rrt&-'.5J"lllf J 
[0001] 
*~13JI!J:Jt~-'?l:mffl~~*~ L--C, 5::Efrtj:10 J--:' '711,-(::::;t_t L--C~H¾1#R. ~j[] G l-lit:>--C 

:k--£:5::E1'f~{lETJ!!Ji'.ft'iff¥R~~~@'.~oyiff¥1i~~~@'.T·;6,:, T, ~c&.'iff¥H~~~@'.t::;t;/t o L 

ED ~O)*~~rh>GJE~T o~-'?:i:!Ii:'lc(:::: J: o ~(::::J:,:, --C, ~~p'qO)i.lilif'.th,J::.Ji'.-t o 0 
i--lW.t.l: -t -ti 'lffffl*~~@i'.(::::fffl-t -ti o 

[ 1f 1;'!.-tt#r J 
[ 0002] 
~H¾'lff¥11*~~@'.~0)'lff¥11*~~@'.t::t~f£!:s'.Jt::::lllf P~t=~1tll!!'.c:h0 i:.,O)t•if-> 0 c.:. th' G, 

m~0f~J,.t::::J:,:, --C~~p'qO)*~*r~ illlJtw-t 6 t::./lb0)$1JilW@JJi'¾-'?~Wlt@JJi'¾~h;i!'l.ih{t l 
~~•J: :i t::::WM1k!l'J1t::::~,:,--C~•◊o it::., *~*T~ J--:',1/ l---?l--- 1) '1/:7A1:Rt::::illic@'.Lt::.* 
~.1.=- 'I/ l--- t ~~ t O)jl;#f'R'j a- IW7./<fll[i~ t L --C ~, 6 i?' . *~.1.=- 'I/ l--- a--lW7./<;fl;i~ t T 6 t::. i:fJ 

t::::!::t :::1 .7-.. l--- r§J(::::~ 0~0)l'J.rn:0'0, Jlf:4't'·!::t*~.1.=- '1/ r--O)lfiJD'a(::~~r~O)J513JI;fffe:'t'•1l,:, 
t:'lff¥11:r:t,f~flih>~.h:h6 J: -3 (;:::~,:, --c ~ l 6 0 c.:. 0) J: j (::::, ~~r"la--~--£:~W::M1k]'l'J /:: T 
◊ t ' lru~c*~*Ti?' ½ cTJ~l"'"\--'lru~c~:m@JJi'¾$'.5J"-h> ½ cT)~\;t; J: U':i:~(:.:: J: ◊ l!Hlt~f(:.'.: J: ".> 

l~~p'qO)i.liliJlti?"'r§J < ~6 /:: ~ 1 j f'o'jJJW;~~ l,--C ~ if::_ 0 

[ 0003] 
z C.:. t·, C.:. O)J: j ~~~p'qO)i.lili.l:ta--i.& T~ -tt 6 t::.llbt::::, ~~p'q t::fl[~p'qO)~:ma--tlf!r~ 2> 

-tt 6 ~li!f;t; J:cf~~p'q(::Y~:m a--~A L --C <i'i"t/1-t 6 ~ffi'.O) 2 "'::lO)JJ;$;0)~fliht1£~2>:h --C ~, 
6 ◊ millcfff~p'qO)~'Af--f!ifficl-tt 6~@'. t L --C ~~-'¥ 5 - 6 6 6 7 4-lc}h"< £ t::., 5~m f" 
~A-to ~lit/:: L --eta¥~ 2 o o o - c, c=; f> 9 c=; f.>-lc}h5i6 o 0 

[ 0004] 
mr~cfi'~r"lO)~:m ~trn~2>-tt ;,s tt#ri::t, fi'~r"l ~ iE:@t~t::J.: ".> --ctrn~2>-tt ;,s t::.tY:JO)ifitH-it 
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~:/l%Jt L' 7 / ✓ (;: J:::-:, T~m Hime' -tt 6 c..: t "C'*jf;1=.. '1/ t- ~<WWT 6 b O)"(''&:J !J ' 
it.:, t~m~~ATor\tvf.j!j, rnl:~o:i~mt;:7 11v-YiJ1Jf:x11itt:>ht.:11.&m□ ~i~iitL, ~ 

~~~O)l'IB-5J'-(;:~mv')fjfc::h6 fjfc:~~IDff.lt L, WI~c.11.&m□ iJ•t;:, 7 1 ✓(;:J: -:i T z¥J,.. Ltc::~m 
~wrictmei~Jffi~c'-tttdit;:~14;0wurr t;:i~Li'. c' nt.:ct~lm□ i.i, t:>til:m 9 ;s:.:. t -c--~14;17"1 ~ 
1%W-t o 'L 0t'&:i o o 

[ 1a¥ffXmkl] ~~f 5 - 6 6 6 7 4 {}-J}ffi 

[ 1a¥~f::tmk2] 1a¥fm 2 0 0 0 - 3 5 6 9 5 6 {}0¥12 
[ ~BJ! O)~jf;] 
[ ~BJ! iJ>/!fiR L J::: :i t To ~ll] 
[0005] 

t c.:. ;st-, wric. Ltc::rnl:~r"lo:i~m ~11mc1-tt ;,s fftvlfrt;:&:i-:i z /j, *jf;~-=f-Jpt:,o:i~-'?~ 

~1=- '1/ l-- ~~tl"~m@J~$-5i'-iJ, (, o:i~;B J: V'::.t:~(;:J:: o mtJJJ1~(;: J: -:i Trnl:~r"10i.MrJtiJ{ 
;,/Fft(;:~< ~-:it_:::tgr~(;:U, &~r"lo:i~m ~111_mc1-1i o o:ih, ttJ:+n'-(;:fi:~r"l~i#"WT o 
C.:. t -/J>"('':!3-9'(;:, *:JR*r0'k1Ilt{i£TiF-t;3-< ~-:, tc:: !J, ~m@JHtii~{;:J:::-:, Ti&~!T o ~ 
o:irai@i:r%-y t::. ◊ 
[ 0006] 

it.::, *OO.t:!~515\i!JT o c..: t ·ct~%.~rnl'.{;il;;r"l(;:~J,.. L TcJ1~%.□ h·t:>cJ1~%.T 6tlvf'it;:t) ·) 
TtL J~m~~.ATo~O)@'.~p'qiJll\)f(;:Cj:j~L '"(~.~~ 1:J:£,i;-(;::L, tlFmDiJ>i'.:,P7:htc::~m 
~tm:.A 'i:-tt~t ,t.:1n 7 J ✓~ m11,r5m11J L~itni:r~ :_,-r, t'E-:. z, moo.~o:i:il!l!ill'ff1M'* 
< ~ !J, J~m~rni'Jt1l::To/::lnt;:i~ttt:>:ht.::7 11v.YiJ1~1t1t.]FJ1·eP7h, mJ:tJJFsi-z::--7 1 Jv-5' 
O)j(~~1T j £,~-/]>~~ L:X:~0-'fFei t ::1 ;z t- -/J>flJ-/J>o t ~ l-:J t::.Foi@iJ1 &:i-:i t_:: 0 

[ 0007] 

::$;~13Jl!;:l:Wfllc Lt.: r□i@,¢.( ~ fflfiR-1:t 10 t T 6 'L <7) T:', f: 0 § S"J t To t C..: 0 !::l:, ~* 17"1 <7) 
i!!Jtt;,;$ < ~-) tc:::t£,Q;-(;:tj, 11.&%.D U1~%.□ t ~ ~:liz LT Y~%.~~A L Trnl'.{:il;;rt-1~<%W L 
, i tc::, ~~rt-10iMiJtiJ,fll:;T L z t~m~~J. -t ;,s !i t''•e~~ ,tii.t;:ijWJico.&m□ t tirm □ 
t ~ 1¥1~ L Tff~r"lt'~m~ffi!J~ L T<WWT-0 C..: t "C', f;f~rt-J(T)riJ-¥11'-J~iMi&'iif_lll_c J~m 
~J.(;: J:: 6 7 1 Jv5'0P7h~0'~ < Lt.: 1Fifffl*jf;~@'.~fl{*--l:t10 t T 6 (;:&:i 6 o 

[ ~ll ~ l!fiR:T o t.:ln0-'f f1] 
[ 0008] 

::$:~BJl01Fifffl*jf;~@'.!j:Wfllc Lt-: §s"J~~ff.lt-tt 10 t To 'L 0·-c, ii3J<JJ'i 1 0-'ff9Jj, ~ 
m<7)i;[H!fij,'~< c b 2--:iJ,.jJ::JBff.ltc':h-ti J: j (;:~BJl:t!Rc:*~2=- '1/ ),tJJ::V'~m@JH!l'IB 
t ~ Wciit Ltc::rnl:~ t, ~~rnl:~t;::JBff.ltc':htc::t~m~~A -t 011.&m□ t, WJicrnl:~rt-10Willcim: 
H!~illl~ Lt.::~%.~YH'.flH;:;J1~%.T 6;J1~%. □ t, 1frJt~ll&%.□iJ·0Y~%.~~A L WJi~c!1~%. □ tJ· 

t:> t~im i;:t11:m c' -tt ;s t::.1n 0 7 J ✓ t , wric.o.&m □ tJ J:: r.Ftil:m rn;: M~tJ J:: v-~:&(iiJll'~ t;: Jf:x 
11it c_, ntc::OO.rnJi!irJ:/ifll1Jx t, ~~OO.rnJi!ilJ:/ifllt!R ~ "'1ffift;:~1Jx:Jxl'iJt i4"l~:JtJ'iJt;:ifilJ:/ifll-t ;s 515\1/J~m 
t J:: 0 mff.lt L, wricMrnJililJ:/ifllt!R~~tR-t ;,s c: t t-t~m~rnl:~rt-Jt;:~J., iJ·~, ti~m L, i 
tc::, JilrnJf!irJ1illt!R~ M'.mT o c..: t T'ff[f:ili:r"l0~m ~fl™~-tt o J::: '3 {;: Lt--:: 'L 0t'&:i 6. 
[ 0009] 

~t3J<JJ'i 2 0-'fffi!j, wric Ltc::it3J<JJ'i 1 0-¥f1t;:v~ --.z, wricar~t;:~£it i:::i:ho o.&m □ ~ 
6[{:11;;<7)~lffit!Rl;:$ it o T${1.r:'~0f,lij{J!IJt;: 2 ~!~ilil'. L, ;J1~%.□ ~~{:11;;0~00:t!Rl;:tJ it 0 _Ll'.fli 
{{.[@'.<7) cj:JJ_;lclmt;: 1 ~WciitT o t ~t;:, 1~07 -r 1/T:'&:i-:i T 'L ~~rt-10~m0iJEh, ~!JnJC 
Ltc::C.:. t !·fa¥ffit T 0 o 

[ 0010] 

~ff3J<JJJ: 3 o:i-¥f1!j, WJ~c L tc::iff3J<JJJ: 1 o:i-¥mt;:J3 t, z, WJic*jf;2=.. '1/ t- t WJllc~aJ11Jx 
t <7) rs'10i.m.H%t;:Im::h o WJico.&m D J: !J 0 oo.__;, ~ , WJic~jf;*-=f- t WJic~.m m:J H%$ t 0rs'1 <7) 
~§~~:h0MIJ:::!J~<L~c..:t~%fficT0. 
[0011] 

it3J<JJ'i 4 0-'fffi!j, wric Lt.::it3J<JJ'i 1 0-¥i1i;:v ~ ,z, WJic51Zi/J~m~5mi/J L TWillc.OO. 
rnJffilJ:/ifllt!Rl;:J::: ·-:)TM~«) -0 ~ 1!:l:lmtRT-0 Y 1 2 :/ -;i'!_·, WJicff~r"lt;:~¥:H t:, htc::iliit& t > 
-I;" J:: !J cTJt±:\jJ(:.:J:: !J' &') 6 ~ 1!;:l:_ *jf;-t 6*-jf;~-ycTJ,¢,(j:J*(:.:J::-:, -Ci!ilJ:/lfP~- 6 c.: t ~%u'Jl 
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[ 0012] 
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~t1<JJJ: 5 0)-'fffi!:.I:, WJ~c lt..::~t1<JJJ: 1 0)-'fffi{:t:H i'"(, WJ~c~IBIJ.Jtf&:t\llU, :=t-Y {: J:: -:> 

'""C lillfi 9 -ti 1/'Y 7 t- t, ~~:,, 'Y 7 t- t WJllc.Jil,rbJ/liiJfffll;fJx:t i-tt®i: l, iJ,~, WJllc.1/'Y 7 t- 0 

@Jlfti';{: J:: -:> '"( ~00,rbJ/lirJOOt&~ [<,]1Ja¥{:M'.S:fxl'l'J t ~nt:fxJ'l'J t T -5 lJ ✓ 7 t --c·mmt LJ..:: c.'.:. t ~ 
ta¥~t -t 6 o 

[ ~B}IO);'.i}JW,] 
[ 0013] 

::,js;~BJitl:WJllc lt..:: J:: -3 {:, :Y~m~~A T 611&%.D t , fl!{:itq:tq~f)jffl lt..::~m ~:MFmT 6 
:MFm□ t {:00,rb]/lirJOOt&~~l{tt' t;,~, ,f;h-z>';h.0)00,rb]$rJOO;fR~[<,]1Ja¥{:$1JOOl '""Cll&m □ t :MF 
m D ~ M~ l t..:: 'J ~:t& l t..:: 'J -t 6 J:: -3 {: Lt..:: 0--c, JilrbJ/lirJOOtR ~ ~:t&-t 6 c.::. t -c··fl!i2f-; rtq (: 
:7~%0)~}.t;"iff;b;h, £t..::, 00,rb]fljlJtrilt&~M~T◊ c.::. t --c•fl!i2[-;[fq0)~:%.~f)jffl~-tt6 c.::. t 
-Jf';t-·'!3 6 J:: ·3 t:ffimt Lt..::0)--C·, ~i11-;rtqO)ilfuli-/J'~ < ,j:--:> t..:::t:l,'r~t:U::$'~%. ~~J. L '""C i45"W L 
, :Y~m ~~J. -t 0 i:1 c·i:fl!i¢rqO)fliitcr-Jf ~ < ~i,. ,t:;1;i:i:tfl!1if-;[fqO)~m~fmffl L z{im-t 
6 c.::. t t;,·et!, 60) ... C 71 Jlr7JEJ=tH."/m~t::tr '5 £,~t;,~< ~I), 7 1 Jlr7JEffi;O)t..::/JbO) 
_x ✓TT✓:Z~ilfil~"t 6 c.::. t t;,-r.:·t!, 6 o 

[0014] 

£ t..::, fl!{:¢{:~£tt t::.h61l&m□ ~fl!i2[-;0)~ffi;fRt::Btt 6 T${JL@'O)jiljj{fflj{: 2 ~l'ic@' L, 
:MF:%.□ ~fl!f:¢0)~ffitix{:t3tt 0J:.${ll.@'O)q:r*$t: 1 ~jlljc@'-t 0 c.::. t-c· 1 ~0)7 -r ✓-r.:•if> 

-:>-Ct> fl!{:¢[fqO)~mO)iJEh~ IW.tl:.-C't!,, -/,•~, T$t;•t::.ll&m LJ:.$t;> t::.:MFmT 6 c.::. t -c·, 
:7~m~Alia¥{::B\. •'""C~xtim~ J:: 'J ::(;fy:}J~ t> 0) t T 6 c.'.:. t t;>--C't!, 6. 

[ 0015] 

~ G (:, *ff;m-=f-t WJllc~BJit)xt O)rs,O)j:J[Jl:/H:t:m:n6 ll&m□ J:: 'J O)jfil;_ ~, *ff;m-=f- t 
~A@JNtfm t O)rs"!O)ifii:Ntl:i:m:tL6 M:i:J:: 'J "t < -t 6 c.::. t -c·, ~~:i:0)'$-\. •fmJ}~ J:: 'J J:JJ!$ 
af.J(:{im-c·t!, 6 t..::/Jb, fl!i2f-;[fq::r:i21-;0)ili!J.i ~{.!!;T~ -tt 6 c.::. t iJ'-C"t 6. 
[ 0016] 

£ t..::, .~IBIJ.Jtf&:t\11~.~IBIJJ L '""C WJllc.MrbJ/liiJOOt/x(: J::-:> '""CM~ib 6 i,. •!:.l:~:t&-t -ti Y 1 ~ ✓ ;f ~ 
, Wfllcfl!i:¢[fq{:llQttt_.,;ht..::iml.J.i-t ✓s.Jf J:: 'JO)tf:l:1Jt:J:: 'J, ib0\.•!:.I:, Wfllc*ff;*-=f-{:J::-:, 
-c *ff;-t 6 ,1,~1:T$t: J::-:> -Ci!iiJOO-t 6 c.::. t -c·, :7~m~J..t;,fJiffl-/J•O)'f1Ji!fit;,§IJ.Jaf.J, -Jp~, 1E 
-liit:frhn '""Cfl!i¢rtqO)ilfuJ.iO)J:.:n~-lii~{:IW.tl:.-t 6 c.::. t t;,--c·t!- 6 o 

[0017] 

~ t:. t:, ~IBIJ.Jffl!ffi!i, "!::--JI t:J::-:> '""C@J!l!i-t 0 1/'Y 7 t- t, ~~1/'Y 7 t- t MrbJ/liiJ::/)fl)t/x t 
~mi1 l, t;,~, ✓-'\' 7 }, O)@Jlgj:{: J:: -J '"( ~Jil,rbJ/lirJOO;fR~ IE,J[Jry{:M:'l§~xJ'l'J t ~nt~xl'l'J t T 
0 1J ✓;, t --r·mnx: lt..::0)--c·, MJl!~m~-c·if> 0 c.::. t t;,t::.tr?Jf t.,~ <, t;,~, :1 :z r-0){.!!;~ 
~~0c.::.t~~'t!-0~0)~W,~::ff-t0t>O)~ib0. 
[ ~sJI~~nfli-t 6 t..::/JbO)l\:J;lO)jf:;Jtti.J 
[ 0018] 

:Y~m ~~AT 6 ll&m□ t, fl!i2[-;[fq~f)jffl lt..::~m ~:MFmT 6:MFm□ t {:00,rb]/liiJOOt&~ ~i{ 

It' t;,~, ,f;h-z>';h.0)00,rb]$1JOOt&~ [<,]1Ja¥{:$1JOO l -c ll&m□ t :MFm□ ~M'.S Lt.: 'J ~;I& Lt.: 
'J -t 6 J:: :i t: Ltc:: 0)--C·, Jil,rbJ/liiJ::/)fl)fR~ ~nt-t 6 c.::. t -c·fl!r[s;rtq t::Y~AO)~J.t;>frAJh, £ tc: 
, Jil,rbJ/liiJOOtR~M~-t 6 c.::. t -c·fl!µ[,;rtqO)~m ~fJi$~-tt 6 c.::. t t;,--c·t!- 0 t> O)t-·if> 0" 
[~nrnffln 
[ 0019] 

J,'JT' :;,js;~BJI{:tJJt;>0'tffffi*jf;~@'O)~JJf!itflff ~ 1 ~~4 t :tt{:~~BJI-g 0 0 

1 !:i ~¼;{: L -C, WJilITtR 1 a 0)000$ {:U:.lii"l-=f-~O)~BJJ:W( 2 jJtl@r,;J~xJ'l'J-C·If:-N,H-J t;,;h -C 
\. •6 o 3 !iWJ~c.JNRJit)x 2 O)~ffi{fflj{:~%.O)j:J[jf a~ 1r l '""C~£@'~ ;htc:*ff;*-=f-t L '""C 0) L 

E Dti r --1 t-'< t- 1J --17 :z1xt:l'ic@'~nt.:*ff;.i=. --1 t--r.:·if>o ◊ 4!:.!:*ff; L~\.•::t'l,LEJ.i: 
mric*ff;.i=. "/ t- 3 t -i2[-;t·If3[{1ft t;,;h LED~ J,'?:;f:J$1J::/)fp-g 0 tc::/JbO)~IBIJJ~:toct: L '""C, 1N 
llc-R~.i=- '1/ r· 3 t O)rsit:U~mO)f:J[/j!-i} b ;o>jf:jfflt~ tL '""C\. 1 0 o 

[ 0020] 
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5 !:l:Wf~c*jy;.:r..=. ,:,, t- 3 ~ iliiJTJW-t 6 t::/lbO)ifiiJTJW@Jll-l}i::LJ::U~WJ!.:r..=. ,:,, t-iiitlih-:ibi ht:: 
~m.@Jeiimt:: L -c, wr~2..~izih~1'1x:4 :BJ: Uflbzt-t;,; tlf:m.□ 1 t::fffI;lp., -c~m.O)i.mll¾ c ~ m 
Jvt-t o t::/lbO)~ 1 -:'f? t-1'/x: 6 , ~ 2 ::f? t-1'/x: 7 t O)Fa'Jt:: t.i ll'.fFJli,i•:Jf;fflt~h -C Vi o ◊ ~ 1 ,y 
;; Hf![ 6 !iWJ~ci.mll¾ c t::J.mh6Jil._i'_ ~t-Z 6 t..:YJ(::J::Jifili);fffB±J~ht..:t-Z r:J ;f!x$ 6 a iiff;fflt ~ 
h, ·/p->, ft:-ttn O)'W001'/x:l b cO)Fs'Jt::~m.O)tfFm.i.mllict~%n!tL-C\ 100 :£.t::, ~2 :f 
:/ t-1'/x: 7 U:WJ~c~ 1 -:f :J t-1'/x: 6 t 1:. Tjj"fffJt::Fa'Jllia~ 1r L -Ci!'icili2> h, ·fp--:;, Qr-f:ifs; 1 0)'Wffil 
-tm: 1 b t O)Fa'Jt::":=m_O)f!&m.i.mlli e ~%fix: L -C \ 1 o ◊ 

[0021] 
8 tift:-f:ifs; 1 O)'WffiJ1'/x: 1 b O)~tr{il:@'.t:::Btt 6 Tjf t::~□ t:,ht::r~m.~~A -t 6 t::/lbO) 2 

->O)iJ&m.rn:: L l' ffi"'-<~~iF[l[fiA 0 :ibi ~\I J: 'J t::m\ ,;j=/jz 8 a iJ\lf:X1ttt th l \I◊ 0 

£ t::' ll&m.□ 8 (::!:l:~"\"filltn\.~~iij;-$;-t ◊ t::/lbO) 7 -1 Jv:7 8 b iJ>Jf:X1ttt l':,h l I, 1 0 0 

[ 0022] 
9 U:Qr-f:ifs; 1 O)'WffiJ1'tiz 1 L O)tj:i:'P;{il:fl![i:t:::J-::;tJ 6J:.jf t::~□ 2>htir-f:ifs; 1 p'qO)~ 2>t1.K~m. ~ 

cJ1Fm.T o tc::/lbO)tfFm.rn:: L -c, Wf~cll&m. D 8 O)m\ •t!x:8 at r,,Jt'JH::m\ ,-tm: 9 a iJ'Jf:X11tt t-;, 
h ·n,;,; ◊ 1 o i:J:WJ~c Ltc:~m.O)cJ1Fm.i.mll% ct p'q i:::ir:xfttt tht:: 7 T :.---i:= L -c, ~:&7 T > 1 
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Abstract of J P2005265922 (A} 

PROBLEM TO BE SOLVED: To prevent noise of a fan for heat dissipation and dust flowing 
in from the outside of a plasma display device and to sharply enhance heat dissipation 
efficiency. ; SOLUTION: The air heated in a rear case 64 rises and stays in the upper inside 
of a guide 62 arranged at an upper part of a rear space 22. The air is made to flow out 
perpendicular to a paper surface by a sirocco fan 24 and forcibly convected downward 
along the guide 62. The guide 62 is constituted so that it extends in the horizontal direction 
at the upper part of the rear space 22, extends in the perpendicular direction at the side and 
extends in the horizontal direction at a lower part. The air is forcibly convected downward is 
naturally convected, rises as contacting the inside of the rear case 64 and cooled.; 
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WJfc'iUrJMIJlt.cftl!:h', 1-,,;;:- < t ii 7 T 1/ t WJ~c~ffi~Fs9{::b ~ ;-z:- _l::tfb• Gj,f/lb::tf fnJ (:T::tf 
i:'filu· 1177-;zi:~'li~:ht.:::/1til:O)itU1 1J 7··i" ~ 1JffiL, 11u~~:nt.::~mi"WJ~c::11ixO)ft}'( 
i,r 117··0)-t:n-r:ni:iB':> tT::tft:,;imux-t1.m2--1± 12:. t N~BXt -t if11r*r.l'! 11:~c:tJG0)7'7 
.7:·7*jf;~@'., 
[fl1r*J.l'!9] 

WJfc 1J 77-Y..!i~~iii:!lmttb·G,;;:-I), .fO)[:tqffib>;J;llffit•;bi 2:. t N~BXc:T 1fl1r*JJ'! 
1 i:~ctJG0)7'7 .:;,.:·7*jf;~J1, 
rn11r*r.l'!10] 

7 0 / }- 7-;z t 1) 77-Y.. i":'J,,',;;:-< t ii{Jffi.zt.::fi'{:ip;t' WJ~C:fi'fip;O)WJjij{;:{§;-ry-i"*jf;'t 
◊ 7'7 .7:'?*jf;J'\;t,Jvt, WJfC:7°7 .J..:'7*jf;J'\;t,JvO)~jij(:~{ii:¥ttf-J.i'-f)-L "l~'liT ◊ 
7 v-L S,,.y-S,, t, WJfC:7°7 .J..:'7*jf;J'\;t,JvO)WJjij(;:p]j-5EO)fa91Wii'- :bPtWJ~C:7 o 1/ }-

7-;z (;:~'li~:ht.::{,!jl;~tf 7 Y.. t, WJ~C:fi'{:lp;0)701/ }-7-;z t WJ~C:{,!jl;~tf 7 Y..c:h'lVJ~c 

SEC et al. v. MRI 
SEC Exhibit 1022.3592 

IPR2023-00221
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Ji'{:ilqtg t::7f:5nx:-t 6 WJOO~Fs9A t::WcJ£ ~ :h, T::m::~.m. ~;;itiJX'fiJtt-1± l<lb 65itiJX'fiJtt-¥¥1 t 
~:':/,'~ < t 'LJ'l.{Jffi l, WJ~c7°:1 :(?*jf;r,.:t,;vt 7 v-h.1/"f-1/:0't, WJ~cWJffi~Fs9l::n!<: 
~~ht.::~~, WI~ci:~t\lff '7 .7..J: 1):11~$"'-n!<:~-I± l<lb6 2:. t N~~t-t 6 7''7 _:::(7*jf;~ 
ll!L 
rnt-RrJrn ] 

WJ~c5itiJX'fiJtt-¥¥1:o', WJ~cWJffi~Fs90)__i::_$l::~£ttt.:: 7, .:,,,-tJ: I), WJ~c7°'7 _:;(7*jf;1'\;t, 
Jv:b J: tfWJ~c7 v-h.1/"f-1/~ c·O)~f::J: I) :no~ ~:ht.::WJ~cWJffi~Fa9--1::_$/:::btt 6~.m. 
~;;it1Ji'l"Jt::WJ~c7 o 1/ t- 7-.7..0)f!!.IJffi--1::_$/::iJ;;g-i± l<lbtT:tJl::ijiffiiJX'fiJtt~ -1± 6 2:. t N~ 
~t-t 6 ~it-Ml 1 o t::~clJt0)7'7 :.z·7*jf;~il!L 
rnt-1<r1uzJ 

WI~c7 o ::,-, t- 7- .7..0):':/,'~ < t i--1::_ooim t rnuooim t O)Jt::h6-JJO)~/llilmi±JfJr5EO)B:IJ$~fl 
-t 6 c::. t N~~t -t U,t.J<rW 1 1 l::~clJt0)7°'7 :.z·7*jf;~Jl!L 
rnt-RrU3] 

WJ~ciJUIJX'fiJtt-¥¥1!.i, :':/,'~ < t L 7, 1/ t WJ~cWJffi~Fs9l:::b ~ 1 t 7J<-'tJJfn! l::i!f(f'TJJl::~ 
6ff1 f' t ;o>t,~ I), WJ~c7, 1/{::J.: I) :1J[J~~:ht.::~.m.~WJ~cfi1 H::iB") TTJJ/::ijitu 
X'filtt~ -1± 6 c::. t ~ ~~~ t -t 6 ~it.J<rW 1 o i::~clJt0)7" '7 :.z·7*jf;~Jl!L 
rnt-1<ru 4 ] 

WI~cff 1 Y!.i, :':/,'~ < t L WJ~cWJffi~Fs9 i!1i 6 ~ 1!:l:WJ~c'Wffi~Fa9--1::_ $0)7.l<-'f JJ fn!:o' t,*Th[JJ 
fnl"'-f::llB:l!-t M/lliJm:o,JfJr5EO)B:IJ$~flT6 c::. t N~~t-t 6~it.l<'JW4, ~,t.RrW 5, ~,t.RrW 6 

. [ 11~~¥Jg4~;yM::~clJt0)7'7 :.z·7*jf;~Jl!L 

[ tt/,t.j ?J"Jf ] 
[ 0001] 
2[,;JEBJl!i, 7°7 7-:'?*jf;~@'.rg{:::!t. t-t.::~B:}]$1'1-(Jt::n!<:~T 6 7''7 7-:'?*jf;~@'.t::lffl-t 

60 
[ 'WiH2vlfl 
[ 0002] 

:i!rc'9°-, 7':1:.z·7*jf;1,.:t,Jv~ffl~ 1t.::*jf;~@'.:o', *®00, ii~, ff:i.O)*jf;~Jlt l t 
, .:-f-1 V::Y' JvCf v t·-'?,~W*jf;~JI~ n::~m11:.~:n-·:Y)ib6, C:.0)7°:1 :.z·7*jf;r-;;z,;1, 
(J.,::J.T, Po P) TU, !lt::i'cfili;~~£ttt.::? t- 1) "/ J .7..~,kO)tl[f'{O)j*:I/J\n!<:'i:~Fs9~jlljc~£ lt.:: 

2 t:ZO).ff '7 ;z~ttzFs9t::n!<:'i;t,f;z ~!V-.. -t 6, -f'O)f*i1J\n!<:'i'.~Fa90)t,f;zn!('i;{:: J.: ") t JE:!t.-t 
6 ~:\'~*lt:: J: I) !lt::i'cfili;~ JIDJm l, -f:ht:: J: I) JE:!t.-t 6 "i!ftli!::i'c~'~WO)*jf;{::fiJffl-t 6 L 0) 
z-·il1J6, 
[ 0003] 

2:. 0) ff .7..n!<:'i'.J: ") 1: PD P !i:o•~ I) 0) r□1ililrl::~ I) , -i!t=t~· l ~ 1t,l;i';-l::!i PD P O)li!tH'H::"'J 
~:o' I) , i t.::~w:o'ffl < ~ 6 ~ c::· O)Fu9Jrn:o,JE:!t.-t 6 , it.::, c:. 0) P D P ~ -~~l/J · rliiJ:/ffll-t 6 
'i:.m.@JH1H::*2' ~'i:iJtt~iJtt-t 2:. t {::J: ") t, @JH-l'r~t!.z--1::_{::ttllt~ :ht.::::g.:fl: t- '7 1/V: ;z :Y' ~ 
c·O)'i:-=flmri"b:0'0!f!&!llt~:o':!t=. t, 7''7 :.z·7*jf;~@'.rtg$0)ililr!t~~ l <---'=-:¥t ~-1± 6 r□9Jrn:o' 
ib 6 ◊ JlI4, 2:.:h Hnll:.T 6 f_:b')O)fffik 0)1Y!~t:or~ ~:ht~ ,6 0 

[ 0004] 
f7lJi..!:L 7 v-h.1/"c-1/ t C:.0)7 v-h.1/"f-1/0)WJffit::J:x 011rtt:nt.:: Po Pt~ 

flT 6 ftg$.::c:: "I t- t , 2:. 0) ftg$.::c:: "I t- ~ JI£:§: l :O'"'J 7 o 1/ t- 7- .7.. $ t J" ·1 J 7- .7.. 
$t ;o,t,~6 7- .7.. t ~{jffii_, ftg$1.:=. ·1 J--O)P DP t 7 v-h.1/"f-1/ t O)Fs91::~ii~ 
'ti:/- t-~fftt~-1±6 t t 'b (::, 7 v-h.1/"f-1/0)'Wffi{!l.lJt::P D PO)}E::i\:;~~l/J~1'r'3 @I 

H-l'r~tlz~jlljc~£ l, ;o>"'J}\ '1/ J 7-.7..$0)--1::_$c T$[::tl[f'{O)Jffi_m_tL~7f:5ffl<; l t PD PO)n!( 
~~~}J$J: < frj 2:. t ;ortJt~~:h t ~ 16 ( {711.z!:L ~~~'FJtmk 1 *lra) ◊ 

[ 0005] 
it.::, PDP O)'Wffi t -f'O) PDP H~l/J-t 6'i:-=f@JH-l'r~Hillt lt.::@JH-l'r~tlzO)Fs9l::r□:1~ 

ii~t't0)$tf~j3ffw l t 2:. O)@Jll-l'r~tlz~ PDP t::~a-gt::tf:w l t 11~£ l, PD PT·JE:!t.-t 
6~t@JH-l'r~t!.z:o,t,JE~-t6~~@JH-l'r~t!.z__i::_:o,t,-fili;t l tn!<:~7, 1/~c'i::J.: l)n!<:~-t 
6 c::. t :o'~ctit~:n z ~ 16 ( f7lJ i..t:.c ~~~'Fxmk 2 *!ra) . ~ t, t::, cm 6 ~ m~ 1t~n1111::~~aJl 
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T 6 ◊ 
[ 0006] 

llif 6 !:L f,Hl~1'f'.Jtl2':h t~•6 7°3.:::Z::?*jf;~@'O){J!IJffil!fiffilliftjf;'""tfiO)'f'i!ti6" 7°3 _:::( 
?*jf;~@'so2-ct:L 1rlitMH~iJ,t:.~67o ✓ t-7-:Z804/::7!v~ (A 1) 0) 1J7 
7-;z 8 0 6 iJ{, 7 v-LS,,--i"-1/ 8 0 8 O)mJill!!illffi$-C'IID5E~:hf!wtmJJX. L l~ 16 ◊ 

tt.::, PDP 8 1 O!::L ,fO)'Wffi{:~{i:,,.'l''tS,,- r 8 1 2 t1rL t7v-L1/--i"-1/8 0 

8 iJ;~'w2\:h, PDP 8 1 0 O)f.f:Zll)(~{:J: --:it Je1ET 6~iJ17 v-L 1/--i"-s.,., 8 0 8 t: 
~{i:,,.~:h6" ~--Ji, PDP 8 1OiJ>t:.W2JJ$82 2 {:J:--:i'(~5(1Ji;J{:mait2\:hJe::l'cti!JIJ 
ml'""t6~Bi1J · i!JrJml@JH-lL -f ;,.-1-@.IH-lL ~irn@.IH-1}~/:::-0)fl;zO)@JH-1;.~t!R:8 1 6iJ;, ~cf9'$ 
8 2 4 t1r Lt 7 v-LS,,--i"-s.,., 8 0 8J:.O)-f:h-f":hO)r,l;p]j-{:71'~~:hlID5E2\:h t~ 16 ◊ 

2:.:ht:. O)@Jj-l}~t!R: 8 1 6 J:.t:tL ::k~ili\:tili\:T r 3 ✓ 1/ ;z 7'~ c·O)~-rlmo'b 8 1 4 iJ;:tit!I: 
2- :n t :b 0 , -f O)@JH%~toc s 1 6 tJ, t:.~tJ1111&!llt2- :n 1, 1J 7 7- :z s o 6 tJ1mJJX.-t 1 'WOO 
_s!c:Fs,S 2 8 {:!;l:, ±I:: Lt PDP 8 1 0 i)>t;,~{i:,,.11"11/- r 8 1 2 2-"JI' Lt 7 v-L 1/f 

-s., 8 o 8 {:~{i:,,._2\:ht.::~ /:: J:.~ Lt.::@.IH-1;.~t!R:8 1 6 iJ>t;,O)~iJ!11!&Jlltt:J: fJ ll)(t±:l 2\:h, 
'WOO~rais 2 8 i:kJO)~mt1m~T 6 0 1J□~2-:ht.::~mt'Woo~ra,J:.$[:k](:i9:ttt.::filrili\:7 T 

✓ s 3 o i:J:., t, 1J 77- :z so 6 i:-MJJX. Lt.::tlHtxO)i:QkmtLs 2 o tJ,t:.~mt :ir:x 0 J\:n 
, mJJEO)cmmtL8 1 8iJ>f:,;\'~$A,.OJ(tf:l'""9 6mJJX.t'"i!ti 6" tt.::, 7 D ✓ r 7-;z 8 0 4 ui 
~;ff 3 ;z 8 2 6 /:: t··mJJX.-t 6 WJOO~raW 3 2 {:tl:, .::t.l:: Lt, PDP 8 1 0 /::PD P 8 1 
0 2-"~l!i Lt.:: 7 v-L 1/f-1/ 8 0 8 iJ, t:.11!&!llt~:ht.::~-C·1J□~~ ;ht.::~miJ> t;,{!ji;~jf 3 ;z 
8 2 6 {:~iJ;{:z:.,,._~:h, {!ji;~jf 3 :Z 8 2 6 i)>t;, ,fO)~iJ;;\'~$(:0)(~~:h t~ 1 6, 
[ 0007] 
~--Ji, 1J 77-;ziJ,f;,ll)(~~-lt61i$;/:: Lt, PDP/:: PDP O)'Wffi(:)fJ"fPJ~-1±-tWci9: 

T 6 i!JIJ ml@.IH%toc /:: i::ir:x 1:J {1ttt.::Jf:X1ttJx:iJ, t;, O)~ t, ~{i:,,._'1"10) J: ~ •&f,J~O):si:~O)Jf:Xft _!3. t: 
J: f) 1) 7 7-A {:Jf:X f) f1ttt 1) 7 7-A{;: {i;:,,._ ~-It, 1) 7 7-A iJ, t;, 0)(~'""9 6 2:. /:: iJ!:f'f~ 
~:ht ~, 6 ( jylj ;U:L ~~i'f:P:mk 3 ~~) • 

[ ~~i'F::stmkl ] 1~1ffl 2 0 0 2 - 1 9 6 6 8 4 -%0ffl 
[ 1~i'F::stmk2] 1~1ffl-'¥ 1 1 - 2 8 4 3 7 9 -%0ffl 
[ ~~i'F::stmk3] 1~1ffl-'¥ 7 - 2 1 2 6 8 4 -%0ffl 
[ Je9JM!ffljf;] 
[ JeBJW/!11'.iR L J: -3 /:: T 6 ~Ji!!) 
[ 0008] 

LiJ, L~iJ;t;,, 1~i'F::stmk 1 -Ct:L PDP -c·Je1t Lt.::~iJ;~{i:,,._'t1S,,- r t1r L t~{i,,._ 
~:h1J□~2\:ht.:: 7 v-L 1/f-S,,i)>t;,O)~, :b J:t/7 v-L 1/f-S,,O)'Wffi{:Wc~9: Lt.::~B 
i1J · i!JIJml@JH%~ /:::'O)@.IH%~tociJ,t;,O)~iJ1J\ ·1 :7 7- ;zi:kJ/:0)(~~ :h6 o +:nt:J: --:i t1J□~ 
~:nt.::~mt, }\ •1:77- ;zO)J:.Jm 1:: rimt:~9:ttt.::JffimtLiJ,t;,;\'~JmA,_OJ(tf:l-t 6 fi 0)-c·i!ti 1 

[ 0009] 

~ t;, {:1~i'F::stmk 2 -Ct:L 7 v-LS,,--i"-s.,., /::@.IH%~toc/:: O)raii:~~{i:.,,._'t1ttftt~9:ftt 
, 7 v-L 1/f-s.,., c:@.IH-1;.~tociJ,t:.Jeit-t 1~t~w1:: Lt 1J 77-;zi:kJ/:ll)(~ L, 1J 7 
7- ;zO)J:.JmiJ,t:., 1J□~~:nt.::~mt 7 T ✓i:J:., t ;11~1mA,_OJ(tf:l-t 6 fi 0)-c·i!ti 10 c:. 0) J: 
-3 i:, tt~~ii@~>ftim:i:J:., t 1J 77- ;zO)J:.Jmt:J:.j'j'- Lt.::1J□~ 2-:nt.::~mt, Jffim:rLt 
1r Lt ;11~1mA,_OJ(tf:l-t 61i:i:\iJ; m~, t:.:n t ~ ,t.::, LiJ· UJl.~i:u, 1:.ic1J:i:\-c·u 7 T ✓0)1J 

tfrJ)tj Lt k 1) 77- ,:Zf90)'Wffi~raii:ll)(t±:l~:ht.::~iJ{ 1) 77-:ZO)'Wffi~ra,J:.${::ifl'/ 
t f)' 1) 77-,:ZO)~~O)J:.$i)>t;,f,J 1 /5~ 1 / 4 O){_j'[@'O)~i)!,ji,]i/lb'( ~ <' 1) 77-
:ZO)r--Jit:~6 i:1 UMrJtiJ{fJh, 1:: ~, -3 iMr£W:rfit¥ L, 1J 77-;zO)J:.Jm/::b~ •t JijjJmaf.J 
{: 6 0 "ct: bJiT 6 ~ i:::"*:£'.:tllr?iJ:., !ti L < ~~ ,ru,MiJ%--:if.::. tt.::, 7 T /O)jJ tm 
-tt.::libi: 2- t:. i:~]E@.l~-t 11::, il.-tJJ 0 fft:J: UifftJ{~ L < m1J□ L, 7 T ✓i:J: 1 ~n 
iJ{m1J□T 6 ~Jl!!iJ{;(t,., t.::. 2- t;, (:, JffimtLti9:tt 6 2:. /:: {:J: --:l l, ;\'~$i)>t;, O)~iJtiffLA L 
7'3 7:"?*jf;~@'O)~$Hfl < T 6 /:: ~ 1 -3 r□,MiJ%--:i t.::, 
[ 0010] 
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~~f'FXWiB ·ctL 7 v-A 1/'Y-1/b>t,O)~t @rn%~;{'&;6>t,O)~ir□:1~{i;iJH_'l:O)Jf'£{1 J! 
i:J:., t 1J 77-:zt:~1i!;t2--tt, 1J 77-:zb•G'.Y'Hmi:n:lt:~-t 6 c:: t h'1:IH1~2-:n t~ ,6 
, lb· l, Jf'£11J!t.::Htt±1'+fr,;;:-~1i!;tt:,;;:-'), J:JcO)~~f'FXlriA 1:bJ:U'~~f'FXlriA20) 
fgr@. t [<,11:lJH:, El ~xttmt:J:-:, "C1J□~2-ht-::~m_b> 1) 77-7.._l${:re'/i ')' 1) 77-;z 
O)_l$b>~ l < 1J□~2-h6 rcii@h%-:i ts:. 
[0011] 

i t-::~t:, 7D:;.,, }-7-;z, 7 v-A 1/'Y-1/H J:U'{*lltif 3 7..h''iBnx.T 6 WJOO~Fsit· 
O)nit:~-cf-W:tt±, +5:H::o:lt:~ 2-h f, 1*lllif 3 ;z_l$b'h',;;:- 'J 1J□~c>h6 Foi@h'it>-:i ts::. 
[ 0012] 

::zjs;JEBJH:L L§c~Jffi2-"~41R:T 6 t-::/rb(:,;;:-2-nt-:: i O)"('', Jj{;JJ 'J w{:J: 6.~iw t j~$b> t, 
O)J!ili.O)iJffJ..HnJ!:.T 6 t tit:, 73 7:·7*~~@'.pqt'JE:tf::.T 6~i:tJJ$J: < '.Y'~$A..n:lt:~ 
T 6 2:. t b,t·"f!. 6 7"3 7:·7*~~@'.H/H!~T 6 2:. ti §af.Jt T 6. 
[ ~M t~;iR:T 6 ts::/rbO)-cf-W;] 
[ 0013] 
_l~ lt-::J: -3 ,;;:-~@2."~41R:T6fs::lrb(:, ::zjs;JEBJj0)7°7 7:·7*~~@'.!:L 7 D:;.,, }-7-;z 

t 1J 77-:ztj,',;;:-< t UiiLz.t-::f!wt, wr§cf!wO)WJlffit:1i{}t*~-t 6 7·3 7:·7*~ 
1,;;t-;v t, WJfc:7·3 7:·7*~1q,,vO)'Wffit:~1i!;t:ttf--l-t1t l t~~-t 6 7 v-1'1/'Y-

1/ t, ITTJ§c7'3 7:·7*~}'\_;f,Jvi.~fili!JT Ufili/J@IH%i{Jlil.zt-::@IH%~1'&t, ITTJ§c7'3 7:·7* 
~1,:t-1v t WJfc@IH%~t&t tits:wcitim t, WJfc 1J 77- :zb,WJ§cf!wpqJmt:IDnx.-t 6 'W 
oo~rsir:tqt:Wc§§t2> h, T:1-J(:~m.i5:~HIJIJ:tfilff-tt l/rb 65!liffi1Jxtilff-cf-W:t ij,',;;:- < ti J! 1/lil l 
, ITTJ§c7"3 7:·7*~/\,'f-Jv t @IH-lt~t&b· t, ITTJ§c'WOO~rsi{::o:lt:~ c> ht-::~i, ITTJ§c IJ 7 7-
;z t: J: 'J '.Y'~$A..:o:lt:~-tt l/rb 6 ffinx.t· it> 6 • 
[ 0014] 

2:_0)J: 'J ,;;:-mnx.t:J:h!:C 7·3 7:·7*~}\:l1vi~{i!;tti'f--l-i1t l "C~~ lfs::7v-A 
1/'Y-1/ t @IH%~1'&b·G ITTJ§c'Wlffi~Fsit::o:lt:~c>:ht-::~t·1J□~2-:ht-::~m.i, 5!liffi1Jxtilff-cf-W: 
i: J: 'J r:1-J 1:5!ll:ffi1J xttm c' -tt, 1J 7 7-:z 0) pqlffi i:1B-:i t El ~xttm i: J: ., t -1:fl'- c' -tt o . c:: 
ni:J: 'J, 11□~2-nt-::~m.h·G 1J 77- :zi:~h'ii!;t2-n, '.Y'~Jmt::tJJ$af.Ji:n:lt:~-t 6 c:: t 
b>"('"f!. 6. its:, IJ 77-;z(:!;t_ ll&m.tL-'?tl~m_:]l,;;:-t·O)~m.tLH§tltt~,,;;:-~,ts::/rb, 7 

, :;.,,t:J: 6.~iw-'?'.Y'~Jmh•GO)J!ili.tiw11:.-t 6 c:: t b,-c•"f!., ft~$0)7"3 7:·7*~~11t~:FJ1: 
t•"f!. 6. ifs:, f,e*O)J: -3 (: 1) 77-:ZO)_l$0)h.b>~l < iMrfftb>r□:1< ,;;:-,[;, 2:. t ;6>,;;:-<, 
;l:',J-t·{Jf; ~ ,)Mrfft (: {* "C 6 'tt~'ti 0) r□1 ~ i 7° 3 7:·7 *~~@'. i {j1J,ttt· "f!. 6 , 
[ 0015] 

its:, ITTJ§c5!liffiiJ:tfilff-cf-W:b>, ITTJ§c'Wlffi~FsiO)_l$ (:f§t!t Ght-:: 7,:;.,, (: J: 'J , ITTJ§c7' 3 
7:·7*~1":l1v:b J:U'WJfc@IH%~t&t:J: 'J 1J□~2-hts::WJ§c'Wlffi~rsi-1imt::b it 6~m.i, 
;;imuaf.Jt:WJ§c 1) 7 7-7..0)f!!ljjffi_l$(:ffi~-tt llrb"CT:1-Jl:5!ll:ffi1Jxtilff c>-tt 6ffinx.t·i!1)-:, lb 
J: ~ '◊ 
[ 0016] 

c:: 0) J: -3 ,;;:-mnx.i:J::ni:L _=1=:t Lt 1J 77-:zO)ffi~O);z;. -c·;;imux11m-cf-r9:tmnx.-c•"f!. o 
t-::lrb, *fillftJJJ$0)J: ~ 1:o:lt:~:tJJ5'1:i"1fT 6 7'3 7:·7*~1\:t,1vi~:fJ!:t•"f!. 6. 
[ 0017] 

2- Gt:, wr§c 1J 77-;zO)_llffiJmtf!!IJOOJmtO)::<h6j,',;;:-< t i-:1-JO)~/llilm!irJr5i.:'O)lil! 
$i "1fT 6ffinx.t· it>-:i "Ci J: ~, ◊ 
[ 0018] 

c:: O)J: -3 ,;;:-mnx.t:J:h!:L ~m_0)15lilff illJJJ!:. l, 1J□~c>:hfs::~m.iT:1-Ji t·:tJJ$af.J{:5!ll: 
ffilJxtilff 2--tt 6 "1f:tJJ,;;:-nit:~:tJJ5'1:i"1fT 6 7'3 7:·7*~~@'.i~:fJ!:t•"f!. 6. 
[ 0019] 

its:, ITTJ§c5!liffi1Jxtilff-cf-W:!i, j,',;;:-< t i 7,:;.,, t ITTJ§c'Wlffi~Fsit::b~ ,t7J<-'f-:1-Jr&Jt::filU' 
T:1-J(:~6tf1 t: i J!{Jlil l, ITTJ§c7, :;.,,(:J: 'J1J□~2-ht-::~m.iWJ§cif1 n:)B-:i "CT:1-J 
{:5!ll:ffiiJ xtilff c> -tt 6 ffinx.t· it> -:i "C L J: ~, ◊ 
[ 0020] 
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( 6) ~~lffl2005-265922(P2005-265922A) 

C.:. 0) J: :i ~fflnx;t::J:tL!:.L 'Wffis"Fs9/::;BP't1JU~ ~tLJ:J¥- lJ:.:s"m~ tf 1 J-:'t''tiff t, .z., 
f:O)ff1 J-:0)[1qffit::iB--:i'ttf1 t::o1tll.5i:'i""6iJtt~%t:: lt:.::o1--:i't5irli1JX'f1Jtt~-1±6 c.:: 'c.:o1't'·~ 
;s t::i:h, ~ t, i::::g-:'.i!JJ~n.z~O):J!JJ5'1:~1fi"" 6 7°3 .:::(?*jf;~@'~~:FJl.'t'·~ 6, 
[ 0021] 

~ G i::, WJ§c~UrJx-tim *WJi, ;J.,-~ < t i WJ§c 7 I ✓ t WJ§clf 1 i-: 0)11/:ftx-t ~ 1rm .z. , WI 
§c11/:fiO)tf 1 n:: J: --:i 'tWJ§c'Wffis"Fs9U:111:fi7"o --1 :7 O)s"Fs9t::ii"i'JIDJvt~tL 't il ') , 1Ju~ 
~ nt:: s"m ~ 7··0 --1 1 ::· t i:: rn t::5imu x-t1m ~ -it ;s fflJvt't'· i/i:i--:i '( i J: ~, 0 

[ 0022] 

c.:: O) J: :i ~ffiJvtt::J:tL!:.L :;k:1@00~ /::'!1.:~ •ffiff0)73 :.z·?*jf;~@''t'·L, 'Wffis"Fs9~111: 
fiO)fo •:; :7 t::Wi!frJ l, f:tL-ftLO)fo •:; :7 't'-~irlirJX'ftJtt~-1± 6 t::i:h, ~ t, {:::'.i!JJl¥0)~~ ,n.z 
~:'.i!JJ5'!:~1fi"" 6 73 :.z·?*jf;~@'~~:i=Jl.--c·~ ;s" 
[ 0023] 

it::, WJ§c5irlilJX'fiJtt*WJL ;_.!.,-~< t L 7 T '1/ t, WJ§c'Wffis"Fs9{::;B~ •'tJJ<-'fnfnJ{::fil!; 
Zf'Tni::_=g;s ;If 1 J-: 'c., WJ§c'Wffis"Fs9~ JJ<-'fn[nJ/::11!:ft7•'0 '1/ :7 O)s"Fs9/::ii'-WIJ l 1) 77-
;zpqjij[::pJj-5EO)Ji'ellifE~ ;B~ •'tIDJvt~;htul<-'¥ 1J f~ JHiiill, WJ§c7 T '1/t::J: ')1Ju~~;ht:: 
s"m ~ WJ§clf 1 i-: i::IB--:i 'rrnt::5imux-ttm~-1±, WJ§cJJ<-'¥ 1J 7··1:: J: ') WJ§crni::5imux-ttm 
lt:.:s"m~WJ§c_:g. 7··0 •:; :7 O)s"Fs9{::iwffi~-l±'tWJ§c 1J 77-;z{::~{i~~-I± 6ffll£--C·i/i:i--:i 
'tLJ:~•o 
[ 0024] 

c.:: O) J: :i ~mJvti::J:ni:.c 5imux-ttm~ -i±t:.:ft, El ~x-ttmi::J:., '( _H+i"" ;s s"mVJ<-'¥ 1J 
7··1::J: --:i 't J:t!l!lts-\J-N:~ •ll'fFs91wffi~-I± 6t::i:h, 1J T:;r-- ;z 'c., 1J T:;r-- ;z t-iiis;{::~--:itul< 
-'¥ 1J 7··;o,t,~Hl~IH:::n.z~i"" 6:'.i!JJ5'!:~ ~ t:>t::fnJJ:.~-l±t:.:7°3 :.z·?*jf;~@'~~:FJl.'t'·~ ;s, 
[ 0025] 

it::, WJ§ctl1 t:tL WJ§c 1J 77-;z t::~1!r~tLt:.:ffiJvt--C·i/i:i--:i 't L J: ~ •o 
[ 0026] 

c.:: O)J: J ~ffiJvtt::J:tL!:L 1Ju~~;ht::s"m:o1;1f1 n:::tt l 't{i~lt::~~-{ils;{l. lt:: 1) 
77- ;z J: ') tHmi:::'.i!JJ5'!:s-\Jt:::n.z~'t'-~ ;s" 
[ 0027] 

~ t, t::, WJ§c5irlirJX'fiJtt*W::ot, ;_.!.,-~ < 'c. L 7 T '1/ 'c. WJ§c'Wffis"Fs9{::;B~ •'t J:.n:o>G:ffe41:h 
nfnJt::rn{::fil!;U- 1J 77-;z i::~1!r~nt::111:ttO)ftU1 1J 7··~ J'l.iiiil L, 11u~~nt::s"m~WI 
§c11/:ffO)JtU4 1J 7•'0),f-;h-f;ht::iB--:i 'tTn/::5iffirJX'fjJtt~-I± 6ffil£--C'i/i:i--:i '( L J: ~ ·◊ 
[ 0028] 

C.:: O)J: J ~ffi)£[::J:;h!;C 1) 77-,:ZO)fllljffi$/::~td::tf1 J-: fflO)s"Fs9H'ilJt 6 C.:: 'c. ;ot 
~-.t,~'c. ~ '), Mijt~ffi€t::J: ')n.z~O):J!}J5'1:~1fi"" 6 7"3 :.z·?*jf;~@'H:IH~'t'-~ 6 o 

[ 0029] 

it::, WJ§c 1J 7 7- ;zi:J:r□1~1i~$tt:o,t:,~ ') f:O)pqffi;otfll.ffi--C•i/i:i 6ffil£--C·i/i:i--:i 't L J: 

[ 0030] 

c.:. 0) J: :i ~ffiJvt i:: J: tL!:f, 1Ju~ ~ ;ht:: s"m:ot:tfl!~i"" 6 1J 7 7-;z O)*ffiff :ot:;k: ~ < ~ ') 
, ~ t, i:: 1J 77-;z;o,t,>1~$A..O)n.z~:'.i!JJ5'1::otfn1J:.i"" 6 o 

[0031] 
it::' J:.~ lt:.: J: J ~~~~l!itiRT 6 t:.:l:h{::, *Je;BJl0)7°3 7.:'?*jf;~@'U:, 7 0 ✓ }-

7-;z 'c. 1J 77-;z ~;_.!.,-~ < 'c. L{iiil.z.t::~#;'c., WJ§c~#;O)WJffit::{g;-%~*jf;i"° 6 7°3 :.z· 
?*jf;rct-1vt, WJ§c7'3 :.z·?*jf;rct-1vO)'Wffit::~1i~ttf-ff1t l 't~1!ri"" ;s 7v-L 
:,.,.y-:,., 'c., WJ§c7°3 :J.:'?*jf;F\i,JvO)WJjij{::pJj-5i:'O)Fs91lil;i~ ;B~ ,'(WJ§c7 o '1/ }- 7-;z t:: 
~1!r ~ nt::1*~;1,r 3 ;z t , WJ§c~iiis;O) 7 o ✓ t- 7-;z t WJ§c1*~;1,r 3 ;z t :otWJ§c~fils;pq t:: 
IDJvti"" 6 WJffis"Fs9f9t::jlljc§'il:~ tL, Tnt::s"m~5irlilJX'ftJtt-l± ll:h.fi ~iffirJX'fiJtt*W:t ~;_.!.,-~ < 
'c. L J3. {im l' WJ§c7°7 :J.:'?*jf;F,-i,Jv t 7 v-L :,.,.y-:,.,;o>i':, WJ§cWJffis"Fs9t:::n.z~~;ht:.: 
~~, WJ§c{*~n· 3 ;z J: ') >1~$A..n.z~-1± ll:h.fiffiJvt•r-i/i:i ;s" 
[ 0032] 

SEC et al. v. MRI 
SEC Exhibit 1022.3596 

IPR2023-00221



( 7) ~~lffl2005-265922(P2005-265922A) 

C.:. 0) J: 3 ~fflnx;t::J:tL!:.L 7°5 :(?*;,f;J,_;;M/ t 7 v-A S,-y-S,h,t, WJ~cWrOOs!:'Fs9t:: 
U<:~2--nt::~i::J: 'J1J□~2--nt::s!:'%.i-, 591ililJX'fi)T[-cfW;t::J: 'JTnt::591ffilJX'fi)T[2\-I±, i*~tf 
5 .7..0)i7'Jffit::iB.-, t El~X'fi)T[t::J: .-, t J:J¥-2\-I± 6" C.::tLt::J: 'J, 1J□~2--nt::s!:'%.h'0i*~ 

tf 5 .7.. i::~h'{:z:.i:¥2\-;h, tH'f/H::JJJI¥a"Jt:::&<~i'" 6 c.:: t h,-z:s·2- 6. it::, 7 o ✓ t- 7- .7..1.i 
Jffi%.TLh,~i;tit Gn tvi~~ ,ffl~O)t::lrb, 7 T ✓ i::J: Uil§'"'<tHmh•GO)~Hnll:.i'" 1 c.:: t 
h>t··2-, fr:~$0)7"5 :(?*;,f;~@'i-~l'Jl.t·2- 6, it::, t'Hl~O)J: 3 t::7 □ ✓ t- 7-;zO) 
J:im"'<i*~tf 5 .7..0)J:$0);7}.h;~l < i£!.lh;r□:1< ~6 C.:: t hr~<, t~~t·{Jli;~ ,i£!.lt::{*t 
6'tt~tl:O)r□1~ i7°5 :(?*;,f;~@'i-{*Pot··2- 6 0 

[ 0033] 

2\- t, i::, WJ~c5UIJX'fi)T[-cfW;h>, WJ~C:WJffis!:'Fe90)J:$/::~i;tttt:: 7 T ✓ i::J: 'J, WJ~C:77 ;;( 
?*;,f;J,:t,Jvt:; J: U'WJ~C:7 v-A S,-y-S,~ c·O)~f::J: 'J 1JU~2'- ;ht::WJ~C:WJOOs!:'Fs9J:$/:: 
t:;tt 1 s!:'%.i-5itua1t::WJ~c7 o ✓ t- 7- ;zO)fJ1JooJ:imt::1r;;g-1± LlrbtTnt::591ffirJx-tim2--1± 
6 tili:Jvt t·· iVJ 6 0 

[ 0034] 

c.:: O)J: :i ~fflJvtt::J:tL!:.L -=i=.t l t 7 o ✓ t- 7-Y..O)ffl~O);z;. -z:s·591ffirJX'fi)T[-cff9:i-fflJvt-c· 
2- 6 t::lrb, 'ttfillitJJJI¥0)J: ~ 1:&<~JJJ5'!:i-1fi'" 6 7·5 :Z'?*;,f;J,;t,Jvi-~l'Jl.-c·2- 6. 
[ 0035] 

it::, WJ~c7o ✓ t- 7-Y..O):'.J,,-~< t tiJ:00$ UJIJffilmt 0)3'(ti6~nO)~/li$!:l:PJrJE'.O) 
B±Il¥i-1fi'" 6 fflJvt•t-•ifi 6. 
[ 0036] 

c.:: O) J: 3 ~fflJvtt::J:tL!:L s!:'%.0)\liU)T[i-~ll:. l, WJffis!:'Fs917'10)1J□~2\tLt::s!:'%.i-Tni 

-c·1rJJJi::591ffjrJX'fi)T[2\-l±6 C.:: t h't·2- 6, 
[ 0037] 

it::, WJ~c591ililJX'fi)T[-cf W:!:l:, :'.],,-~ < t ti 7 T ✓ t WJ~cWJffis!:'Fe9 t::t:; ~ i'( 7.f<-'¥-nfril t::ID;U­
Tnt::~ 6 ti 1 Y t h·G~ 'J , WJ~C:7 T ✓ i::J: 'J 1J□~2\-;ht::s!:'%. i-WJ~ci,f1 n::ifi.-, tT 
n i:: 5UIJx-tt_m 2\- -I± 6 fflJvt•c-- if> 6 , 
[ 0038] 

c.:: O) J: :i ~fflnx;t::J:tL!:C WJffis!:'Fs9t::t:;tt 61Ju~ 2--nt::s!:'%.i- -f O)tf 1 Y t·1m t, x.., -f 
O)ff1 Y O)i7'Jffit::ifi.-, t tl 1 YmRlrb6 i)T[Htt:: lt::hr.-, t591ililJX'fi)T[2\-I± 6 c.:: t hr-c-·2- 6 t:: 
lrb, 2\- t,(::1fJ}J~U{~O)JJJ5i'!:h'1~GtL6 7°5 :(?*;,f;~@'i-~l'Jl.t·2- 6. 
[ 0039] 

WY~Uf 1 Y !:l:, :'.!,,-~ < t ti WJ~cWJffis!:'Fs9ifl 6 ~ 1!:l:WJ~c'Wffis!:'Fs9J:$0)7J<-'f'-nfrilh' G*m: 
nfril"'-ftllB±Ii'° 6 ~/liJmhrpJrJE'.O) B±Il¥i-1fi'" 6 tili:Jvtt•ifi 6, 
[ 0040] 

c.:: O) J: 3 ~fflnx;(:: J:tL!:L s!:'%.0)\liU)T[ i- ~11:. l, WJffis!:'Fe917'1 if> 6 ~ 1 !:l:'Wffis!:'Fe9i7'J0)1J□~ 
2\- ;ht:: s!:'%. i-Tn i tJJJ-'¥131 i:: 59lilirJX'fi)T[ 2\- -I±, 1rJJJ~U<~JJJ5'!: i-1fi'" 6 7· 5 _:;.:·? *;if;~@' 
i- ~J'JI, ·c-- 2- 6 • 
[ Je;BJl O)J}J5'!:] 
[ 0041] 

:$;Je;BJl0)7°7 -7.:"?*;,f;~@'(::J:;h!;L 1) 77-.7..h>fflJvt't 6 'Wffis!:'Fe917'1{::illic~i;t2(;ht::~91 
ilirJX'fi)T[-cf f9:t:: J: 'J , -f O)'Wffis!:'Fs9t:::&<t±:l 2\- nt::~t:: J: 'J 1J□~ 2\- nt::s!:'%. i-Tn {::591ffirJX'fi)T[ 
2\--1±, 1J 77- .7..0)i7'Jffit::iB.-, t El~X'fi)T[2\-I± MJiHiH%i-%Jvti'" 6 c.:: t t::J: 'J, 1J 77-
.7..i'-11' l tt~lm"'-JJJI¥J: <:&<~i'"6 C.:: t hrt·2- 6, lt::h>.-,t, 1J 77-;zO)J:Jmhr:to::iill 
{::1Ju~ 2\tL6 C.:: t i-~11:. l, {JI;~ ,t~~~iMrll-5:i'--;(ff(::i'" 6 C.:: t h>t·2- 6 o it::, 1J 77-;z 
{::!:l:11&%.tL "'<t/~%.tL~ c·O)Jffi%.tLHi;ttt~~ 10"C--~il§'i-~ll:.i'" 6 c.:: t hr-c·2- 6 t t ti {::5'~ 
$h>t,O)~O)i)T[J.. i-~2-··, fr:~$0)7°5 _:;.:·?*;,f;~@'HIH*-c·2- 6. 
[ 0042] 

£. t::, 7 o ✓ t- 7-.7.. t f*~tf 5 Y..htfflnx;'t 6 WJffis!:'Fs917'1 t::591ffjlJX'fi)T[-cff9: i-illic~i;t't" 6 C.:: 
ti:: J: .-, t, WJffis!:'Fs9{:::&<t±:l 2\ ;ht::~t:: J: 'J 1J□~ 2\-;ht::s!:'%. i-Tn{::591ffjrJX'fi)T[2\-I±, f*~ 
tf 5 .7.. t::iB.-, t El~X'fi)T[2\-I± 6fi~H%i-%Jvti'" 6. C.::;h{::J: 'J, i*~tf 5 .7.. i-11' l t7~$ 
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( 8 ) ~~lffl2005-265922(P2005-265922A) 

A,.:Ji}J$J: <~~T 6..::. 'c.fP'C''f!. 6, Lf:h,.-,'t", filllt.f3.7..0)___l::_$h'1°"1i:/lffil{:1J□~~:h6..::. 

'c. h'~ <, {*llft.f 3 :z t:t-'c,J-'(··1JJ;Hil!J'lt7i'-f!J{:{*"J..::. t h,t•'f!. 6, it::., 7 o ::--- r- 7- ;z 
i:tt---'=-~c 1J 77- ;zO)t~ii t [cr]i1t 1J&_5KfL-'?cM~m:rL HHt~~ ,O)t·.~iffH1JK-t 1..::. th' 
t•'f!. 6 'c. 'c. ti (:y~Jmh,t:,O)JmO)iliLA lt--llJJ'f!.··, ft~im-~73 :z:·7*~~1IH:IHJtt•'f!. 6. 
[~~lt--~~i""6~!1)0)a~O)ID~] 
[ 0043] 

1,::J.T, *~BJj0)~9f!jO)ID1fJ(:"J~ i'(, llilffilt--~~ l~h; t,~JI.BJli"" 6. 
[ 0044] 

( ~ni!!O)IDJfJ 1 ) 
lli!2 (A) !:L ;t~BJjO)~ni!!O)IDJfJl (::t:Ht673:Z:'7*~~@'0){J!ljffiitfiffillillt--~l, 

llil 2 ( B ) LL IJ 77-:Zh!IDnx.T 6 'WOO~ra,p;]O)~~HIJIJMiffc:~!'9:0)mnx.t, -f:h(:J:., 't" 
::'E. t6~_m_O)i.rr[:hlt--~i""'Wffih>GJ!t::.il!IJffilli[t·ib6. it::., llif 2 ( C) U:, IJ 77-:ZO) 
$7i'-J:l1:*ltFiffillift·ib6, 1,::J.T, llil2 (A) ~llil2 (C) lt--Jtl~•'t";t~ni!!O)ID1fJ10)7°3:Z:. 
7*~~@'{:00 l 't"~l*IH(:~JI.BJli"" 6, 
[ 0045] 
7°7 :z:·7*~~112 t·tL 1ffltE'IHl'th• t:i ~ 6 7 tJ :-,,- }- 7-.7.. 4 'c. 7Jv ~ ( A 1 ) ~ c·~ 

1i-'¥t1:i:~O) 1J 7 7-:z 6 th', 71v ~ :'.>"'1 ;1:; :z t- 0)7 v-L 1/f-1/ s O)J1'/Jill!fmlffilmt: 
~5E~:hfit(:il;;tmnx.l 't"~•6. it::., PDP 1 O!J:f-O)'Wffi(:, :&~fJ:,f;;lt--7i'-1tz~itt::.;., 
1J :1 ::---~ c·O)~{i-'¥'1'1;.,- t- 1 2 t1r l 't" 7 v-L 1/f-1/ s i:~1!r~:h, PDP 1 o 0) 
t.f;z~~{:J:., 't" ~::':ET 6~lt--7 v-L ;.,"f-;., 8 {:~{i-'¥T 6. -JJ, PDP 1 0 h> t, 
7 v'>i" ;.,7·-;v~§citim 1 4 i: J:., 't"~ma11:iti't~ :n~xtilirJifflll-t UrKI/J • ili1Jifflll@IH-1L + 
:,_ -1-@lll¾, ~Wl!@lll¾~ c'O),jl,.z O)@lllUftlz 1 6 h!3'z:19'$ l 8 lt--1r l 't" 7 v-L 1/f-1/ 

8___1::_0)-f:h-z":hO):t~pJr{:7i'-1tz~:h~5E~:h 't"~•6, ..::.:nt:,O)@lll¾~tlz 1 6---1::_(:tt_ *~i.m: 
ti.m:-t r- 3 ::---V:;z ?'~ c·O)~'flmn"b 2 o lt--*h, ~Hl!l!t l 't"~ •6, ..::_O)t::_!1), 1) 77-
;z 6 himnx.-t 6'WOO~rai 2 2 {:!:L ±t l 't" PDP 1 0 h>t:,~{i-'¥'1':1;.,- r- 1 2 lt--1r l 't" 
7 v-L;.,"f-;.,8 {:~{i-'¥~:ht::.~'c. ---1::_~lt::.@lll¾~tlz 1 6 h>t,O)~h-;l!!lit{:J: IJ~~ 
~:h, 'WOO~rai2 2 O)~mlt--1J□~T 6, ~:t:,, PDP O)~lt--7 v-L;.,"f-;.,{:{i-'¥~it 
1 t::.::t)t:~ii-'¥'1'1;.,- t- t m~ ,t::.h', 1/ 1J :1 ::---*0):1·· 1J - :z~ c·O)~ii-'¥:ttf.-+i 1r:J!JJt·&:> 
6. 1J 77-;z 6 O)___l::_$(:1J□~~:h___l::_:fl'. lt::.~mlt--, 'Wffi~rai2 20)---1::_${:~'it!tt::.s.,o ·1 
:17, ::--- 2 4 i:J:., '(, llil 2 (A) ttt, ttooi:xt L 'Z" *jg[JJfnl i:~mtI.m:tB ~it 1. + 
O)~, ff: /7 O)@lll¾~tlz 1 6 -'?-f :h{:{1IB'fi'T 6 ~~tlz, §ctl~ c· h!~§lffjiJ)ff"i.rr[O)i.rr[ll¾{:j!jc~'it ~ 
:h 't" ~ • 6:t~i;-{:!;i, ff:,.z O)\'iU.rr[h!~::'t. lmi.rr[{:)ff"-t 6WJ1W*'f!. < ~6 t::.!1), mi.rr[h!j.rr[:h 
{:<<~6, ,fO)t::_!1), llil2 (B) (:~-tJ::i(:, 1J77-:Z6h'IDnx.i""6'Wffi~rai2 2 
pqt·h•"J:;;.$$1:fMM,j!jc~'it~:ht::.$n°nj!jcJlilJiJ~ 2 6 (-.RilUtt·~~:h6ill'!~) O)J1'/Jlffi(: 
, ___l::_~cmi.rr[O)i.rr[ll¾~rai2 8lt--IDnx.i""6. -JJ, 1J77-.7..60)__l::_$ffi3 O:t:;J:tf'T$003 
2'c.j,ijj{l!IJ0034, 36'c.h-;?<~T6~/l\$38, 40, 42, 44lt--5!lliliiJMi.m:~:n6~mh-; 
\'iU.m:t~::'t. u: < ~ ;J: :i i:lil!$t i., 'Z"mnx.-t 1, ..::. O)J: :i i:mnx.-t 1 t, s.,o -1 :17, 
::--- 2 4 h'0i.m:tB Lt::.~mi:t:9,;;E1J4 6, 4 s O)}J[n]{:JiJ.., t· 1J 77-:z 6O)fl!IJ00341:1r~ 
l, :9,;;EIJ5 ot·~-tTJJ(:~!l\iliiJMI.m:~:n, ~ t:,(: 1J 77-.7..0)T$003 2 {:il'h't":9-;;EIJ 5 
20)JJfnJ(:I.m:tL6o -z-0):)£-g:r(::t:,~,'(, TJJ{:~!l\i!JIJMt.m:lt::.~mU:, :9,;;EIJ54, 56, 5 
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(54)MODULARIZATION RADIATOR 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a modularization radiator whose radiating efficiency is 
high. 

SOLUTION: This modularization radiator includes at least two radiating modules arrayed back 
and forth and at least one connecting pipe. Each radiating module includes a plurality of 
radiating fins, a plurality of heat exchanging pipes, two fixing plates, a plurality of first curved 

pipes and a plurality of second curved pipes. The plurality of first curved pipes are connected to 
first vertical outside two adjacent heat exchanging pipes, and the plurality of second curved 

pipes are connected to second vertical outside two adjacent heat exchanging pipes. The heat 
exchanging pipes are serially connected so that a continuous S-shaped conduct can be formed, 
and each S-shaped conduit includes an entrance and exit, and the connecting pipe is connected 
to the exit of the S-shaped pipe of one of the radiating modules and the entrance of the 
S-shaped conduit of the next radiating module. 
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t=f1iclii ~ il z 1, , 0 , 1, •:1 Y 7 1 1- ~lii , 
[!f*JJ!2] 

3H~:TifilOO~=ifT 0~;f;J;f-~~f&fp1'"::,~BJJT ot..:'ifJO)tJO)'Z'S f)' WJ~c~~(j:WJ~ctit~ 
TifilOOt=:o~t0LTJJfiJJt=ffi~T0JJIPJi=:filtt.FZV10, ii*JJI 1 t=ic..i¼O)/\ •;1 Y 31 r~lii 

[ !f).J(Jff3] 
HiJ~cffi 1 O)filUllic:ftz~$~0)l:_:ill'('ir) 1), WJ~cffi2 O)J2IUWI~c.:ltz~$~0)Tfil1:'6j o 

, !t*rJf 2 i=ic.nO)r, •:1 Y 51 1- ~lif ◊ 
[ffl).J(Jff4] 
WJ~c:ftz~~t::L :&':~it..:tt-t:3 2. '1/ Y(1):m:t=*et8Jl~~L, -=O)~~JIO)l:_t=~t-1 

~/,;,-.::.✓y··lt..:Wc~:m:1:·s 0. WJ~cflfx(l)JE:'/6:Y··1 :.t- ¥ttWI~cJllic&&~,=~~~ 
i1. Z i... 10 _ if*JJ! 1:fpt? 3 (1) ~ ,fni.J,t=ic.i¼O)/\ •;1 Y 31 r~liio 
[ !f*JJf 5] 
WJicttz~:m:~i, 71v2. = rJLO)t/l:i=*e~~f-1-~ ~L, Jllic*J~/,;r-= ✓y··Ltdict-1 

£tm:1:·ib tJ, WJ~c:rnxO)JE:'/6:P··1 :.t- v uWJ~cj!'jcmt~t=~~n z 1, ,o, ffl*rJH fpi::, 

3 0) 1, 1 fflti,t=~c.i¼O)J \ •;1 Y 51 1- ~lii 0 

[ §EB}JO)~if:1117JlmHJJ] 
[ :J'5tff-rii'-ff] 
[ 0001] 

'$JEHJJ!i, /\ •;1 Y 51 r~liit=lfflT o tJO)'Z'ito O ~t=, :$~1!IDO)JE:'/6=>'··1 :.t- ri:P0 
tfi!l!t lt..:~-=f;:'/t;~, t..: c x..tf~~~O)j7iiflr~jf.~lif (LCD : Liquid Crystal Display) 

--c-J:!=11, 1 0ilo~~~aM1El~jf.1,.:t,1vt=1PJ itz~!l!tT o/ \ •;1 Y 51 r~liit=lfflT o O l 0 ~ 
5Ea·%:ti:$~(1)JE:'/6:>'' 1 :.t- f iJ,GJE~ Lt-=~~xiJ?¥.a%::.JR~rz::··~ ol\ •;J Y 51 r~liii= 
lfflT o" 
[~it:JJH,F,i] 
[ 0002] 

R11I"El~~~lii~i, F>iti~l'E (CRT: Cathode-Ray Tube) cJ:t®L Z~jf.@[ll]O)*~fl:: 
, ~lii §(t:0)~~11::, ~~11::, ~iHf~::tJO)j'flJi!a¼lJ c:· ~rm◊-= t iJi·-c~ o-= c i],t:,, t..: t x.. 
tf El1%1c~O)P DP ( Plasma Display Panel ) 7J c· t t U=-r v 1:::·:;; s ✓'3tf,filM-'?:§.f.lO) 

7' 1 :z 7°J....' 1 t=ffi\, 1 l':,;h. l I, 1 0? 
[ 0003] 

R1s8Et~jf./ '\;.t,Jvt!:, :§.fl-it 1 ;X..'r.7) 2 tf(O)~HJI£t/l:O)rs'1t=ilid3Et~ HAL, ~EE~ l:111J□T o 
-= t t= l 0, Ilis11'.frTO)fiJJ~ ~:-£:x.. Z :rc~i&!?¥.~:-£:11::~itZFJf5EO)@f,fil7J c ~1c~l¥Jt=* 
jf."°9 o t..:'!fJO)£'$a'.J7J~~t·6jo O ~JIEl~jf.l,:t,,H=&:•~7J111W~lii~ J& 0 {tttz~~i= 
@{;t:~jf.iJi:;·~ Q l j t= Lt..: b O)~ 17ftJ1Et*jf.~lif J t Uf~tJO) CT O O R1E18E1E1t,,li;ti§E:'16 
t,,li;cU7Jli ,t..:'!fJt=, t..: t i.t:fi1iJls*:.,r;1,:t,;vO)~ffil(IDit=1ciw.t L ZM'lf~T o 1, ·;1 Y 31 r 
~lii~t!Htt..: tJO)iJiWEl~~jf.~lift=t1~T o O )\ •;1 Y 51 r~liiti, t..: t x.. tf1ciOOL Bt!l!t 
:m:, ntffl!:m:, v y::z:-1/- rlJ c:·~fFmx.. z :o !J, ~JIE1*jf.1'\.i-1vO)~jf.tJJi~O)~~t=bt..: ~ 
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Z ~-'r-:YC ~ !ralfllti"" -b 2:. c f}c· ~ -b , 
[ 0004] 

( 3 ) tfm.12008-10361 (P2008-10361A) 

/\ "I 7 31 t-~ci:(=tL ffi:3IH:f3/c~t L z*~-"t=':!f-t: / ✓ ~m:7C~F9t=ttJ... LJc:{%~*t~ 
!a7C7 ✓7° (CCFL: Cold Cathode Fluorescent Lamp) ~fflt,:tc:tiO)iJ>~J.;,-.>fc:, L 
,> L , ill if:, ~jy; oo~ 0)1~•.:i:1ri=lt1: ~ r/lJ --1::. 2' -1:t o tc: cl) i= , Rt~ 0)1rffi m~ t=~~O) ~~ nm 
O)J£:YC:f1::;t-~ (LED: Light Emitting Diode) ~2iX5cWcJ'IJLZEJ@.3/c~t~oLE 
D 1" ·1/ 7 31 r- iJ'?J: El 2' h Z Ii 1 o , 
[ 0005] 
Lt· L, f~tEO)LE DU, ~1J-~3/tffJ!t~JJ-¥iJ', C:.h.ic•~ffi2'.h Z ~ tc:C CF L J: 

•) f.l:£i. ·1 0 .i tc:, ?llUftl.ffeH=J: fJ, c:. 0)~1J-~3/t'irl&J!JJ$iJ'2' t:, t=f.l:£T-t -b fi;Jlr/llif/ilJHfc· 
2b 6, 2' ht=, ~@.LE Dc'UiMrJ!t--1::.¥H=J: 6im:ft:~jf}:b\\m~"('·2b 6 o ,f O)tc:cl), i.Mr&J::. 
-:ff-t= J: I? H!s~~jy;~ti: 0) OOiffi J::. t· O)·~iJ,~11:: L Z 1,, , < c ·~ , :i Falll iJ, 2b -b o 

[0006] 
.:,:t1,t:,O)~ll~~-t6tc:cl), tfm.12 o o 6 - 5 9 6 o 7-%:frffl <~t'r:stffiU) t=mJjy; 

2- ntc:1\ '1/::, 31 t--~ci:t=:L "i-c Ii. LED ~1z:f~-t ol\ '1/ y, J'\i',,v0)1rffim1u= rt- t--
1//7 J t tt;-t o--1::. TjffnJt=lH 4i~~~f1:ci:L ( t •6 0 ,.:O)~r~l;Ri 6 t::jy;-t O t- r-
1//7 71::l:X:.- .7.. t::~ficTJ7 1 /'iJ'ffr(;:..ftz 0htc: ti 0)"(''2b I?, C:..hhcTJ 7 1 /'tl:OOiffi 
O)J::. TJJr/llt=l!!;=tt L ( l 10 0 !;RI 6 cUJ\ '1/ 7 n.t,Jv80)J::. TJJfPJO)ft:2' ~ h t L' }\ '1/ 7 
J'\;f,Jv 8 O)J::. TJJr/lJO)g:t:'R:flLci:J: 0 2. h tc:'ft J::.~ tJ t::1%tf17 7 ✓" 4 ;ti,flLci:T o J: :it:: t -
r- ':/ ✓" 7 7 iJ,f~ci: 2- ii. Z 1,, \ 6 o c:. O)J" '1/ 7 31 Htci:t=:ti i. ·1 Z tL t - r- ':/ 1/:? 7 !::!:~ft: 
c'cb ') , t - f' 1/ /' 7 7 cT)¢jiJ>{i'it;f17 7 /' 4 0)1!5Jf t ~ L Ii ,tc:cl), !;RI 7 t=~EPc'jy;T J: 
:it::, t- r- ':/ ✓"7 7 O)J::.TiJ•011&1,,,,ib_iiltc:~'A.ii'~ -:)m:<·t=i#'tf17 7::..,,, 4 t=11&1,,i,ib,i 
iL -fO)r.a:m:, ~Ji.:'.hO)~iJ•j,-~ < x/J-¥0)ft1,, ,hl(~iJ,11r§~"('-2P>o 0 

[ t¥t'F::stffik1 ] t¥1ffl 2 0 0 6 - 5 9 6 0 7 -%%¥It 
[ ~ElJ]O)mJjy;] 
[ ~BJ]iJ1f!ittk LJ: :it T 6~ll] 
[ 0007] 

t¥t'F::stffik 1 t::lffljy:2' ntc:1" •;1.:; 31 t-- ~ci:-z•t::l: t - t-- 1/::..,,,.:; 7 t::l:~jy;*rO)'WffiO)~t] 
jjljf/!ffi~ -fil-f:h*~*'=m j O)J'.}. c'cP) 6 0 = 0)/\ '1/ 7 71 Hll~t::;t31, ,thl(~:i:. ~ 2' 0 t::ij!f 
:k2'i:t -btc:cl)t::tL t- r- ':/ 1/ 7 7 J.;,~jy;*r'Wffi0)~6X:.< ~ < O)vff~~fltfl-t-5..: t 
ti"'IJ.f.:t Ll,O)t·, t-t--':/1/71crJ¢;~1.tl·foc=. tiJ,ftf.:t L~·i◊ 
[0008] 
-f..: -c·, t- t-- 1//7 10) 7 1 ✓'O)l!!;=tt:-t oJJr/lJU~:z. ft=, t- t-- ':/::.,,.:; 1 O)f;~:k 

~ < T 6 t , llil 8 t::jy;-t J: :i ~ c - r- ':/ /' 7 7 1 ;ti,1.f i.. h n 6 " t - r- ':/ ✓" 7 7 U;::L i, , 

--CU, llil8 t=jy;-t J: :it:: t- r- ':/ Y 7 7 J::. T b·Gll&V\,ib.iiltc:~ml±:i£g:i:h, Gi%W7 7 /' 

4 O)JJt=r/ll~ ~~i.. --Cii'iW7 7 / 4 t=ll&~ ,,ib£h Z t •<" l.Jc:hi-:) Z, ii'iW7 71/ 4 O)ft 
t1t::t:f, l;RISt::J\rf-1/Y''c•jy;-t J: :ii::, !It,Z.c·vfJ'Li.;1~L~li•vl'l~ (.t.lT 1iJthJ 
c ~ • j o ) iJ,~1:=_-t o" 2:. O)tc:cl), x/J-3¥.15! < hit~~ i'r~ :i ..: c i?'~fi c ~ -b" 2:. O)iJEh ~ 
~lt?ilf-t 6 tc:cl)(::U t- r- ':/ 1/ 7 7 1 v'J~, -t~t:it=,vfJi!%0)¢M~ J.ttf 6 t::ffi,,, -fO)i)'[/tfO) 
tlt=Ji ~-:) td"~ ~m:tro)i%W7 7 / ~ ~~ci:-t ;,st,, 2P> o ",1:fim1ti0t1~ :o J\--t ;,s m£ 
t=~l-xO)<i'itfJ7 7 /~~rzz~ci:Tb..: t iJ11.f i.. 0il6 o LiJ' L, C:.O)J: :i ~:k~ ~1!5:f£ 
O)<i'itf17 7 ✓--~~ci:Ltc: 0, ~fXO)<%W7 7 >-'~~~rlf:Ltc: 1)-t o 2:. t!:f, :1 ;;z r- 7 "17°-'? 

,~iff t.,X:.1vO)ifl*t::--=i~t'o 0 

[ 0009] 
*~BJ]!;f, J::.~O)Fn'ilm~Mi~T 6 tc:cl) (::~2-ntc: bO)c'cP) !J, hlt~:i:.ifJ:kO)tc:cl)(::vU! 

O)~~ J.tlftc:tJb~'Z'ti, LED fp ½~T ◊~~{j:£:::1 ;:z r- c'J!}J$S,j(::hltte-t -b..: c fJ>c'~ b 
J: :i ~ J" '1/ 7 31 r- ~ti:~ tli*i" -5 c:. c ~ El a{] c -t 6 o 

[ ~ll~f!~-t o tc:cl)O)-'ff9:] 
[0010] 

J::.~c §a{]~~,'1x.-t otc:cl), *naJJi=~-:J < )\ '1/.:; 31 t-~ci:t:f, f!i~0)~3/t;,.·1 ::t-- ~ 

SEC et al. v. MRI 
SEC Exhibit 1022.3619 

IPR2023-00221



( 4) ~fm.12008-10361 (P2008-10361A) 

t, 1[1, ,(;:-'ffi(::x,f[P] Li'i-:i ffi 1Cl)illtffi201-llt !-lf LJ::.ic~x:P··1 ::.t- f:'. Cl);,~:tH!J{t 
t::J::--:i 'Z ~!t L.tc:~!-&teT o tc:1n0&~$:,;t t, J::.~~$tt0lli:fi~r'a"I!"lfflbC: ti:: 
J:: --:i 'Z J::.~cffi l 0illiPbJ::.~cffi 2 0ill:i ·e,@;mT o J:: j ~liTLN%!-%ftltT -5~N%%ftlt$t1 t 
, J::.~ctmJtt::J::.~cffi 10mtr>0J::.llcffi2 0mt,::1PJtt-z~%.!-im--tt21nCT) 1,1,:11::.0?w;!IJ71 
✓ t !-fmlx. 6 0 J::.llcim:N%0$itll::.llcl-%W 7 J 1/Cl)TI[ff t J::.llc<i'iW7 T 1/Cl)ilH::tt Cl)ffi(l) 3 
f*J.,ll l''ib 6 0 J::.llc 111.1:.0{%;!1]7 T 1/(j:' J::.llcimN%0 j 'GJ::.llcffi 1 Cl)illfdl, ,:£ tc:tiJ::.llc 
ffi 2 0mra1, ,i::wc.~0h -z 1,, o 0 

[ ~ElJI Cl)WJ*] 
[0011] 

*~ElJ}(::J::tttL illll_fftl::.W-$i0mt*fii!-1J,0 < f!l1 ,t 6 = t i,1-C·~' ,f(l)~t:m:, )\ "/ 7 7 
1 t-~~0,~f:Tft0e~11::, eL 5 !-,J,0 < tr11.z 6 c: t :i],-z·~ -5 0 

[~~!-*~T-5~00mt~0%W] 
[0012] 

( *»f!i0%fi& 1 ) 
( ffl)J)t ) 

IZl 1 , IZI 2 !-~~ L 'Z, *~ElJit::~--5 < *~Cl)JBJ'i'& 1 t::J:,tt -5 )\ "/ 7 51 }-~~(::--::> 1, • 

'Z ~~ElJIT -5 o IZI U i , r-;,· ·1 7 51 }-~~ 1 0 !-f i 6 (!110:f;l-lib J::.h· b Jitc: t C: 6 --c·· cb -5 " .1 \ 
·1 7 51 t-~~ 1 O (i, tl*0*:n%0;1~%!-lf L, f&6{!lUOYTJJt::JiteT-5 J:: :it:: 2--::> 
0<i'iW771/4 !-(Fm.z "(l,16 0 IZl2ti!ZI U::olt-5 I I - I H.lt::lffl-t-5*=tllfffoo!Zll''ib 
.fio 
[0013] 

:: 01{. •:1,;, 51 t--~~ 1 o t:.L ~i::t0~x1r·1 ::.t- r < 1 LED J t i~llc-t o ◊ > 2 
1 t , liv \(;:-'ffit::xtfllJ Li'r :i ffi 10illtffi20ill t !-lf L Wfllc§Ex:Y1 ::.t- I< 0,~*1~ 

fj:::(::J:: --:i 'Z ~!t Ltc:~!-&:±:T -5 ts.:li)CT)1b;~$:,;t t , mric&AA$t1CTJlli:fi~r'a"I!"lffltf C: t 
t::J:: --:i -zmrllcffi 1 0mtr>0 Wfllt!ffi 2 0m :1 -z·,@;m--t oimlli!-mJvt--t 6~lr%%ftlt$ti t , mr 
llci.JfJi!§.t::1n~cffi 1 0mh,0 Wfllcffi 2 0mt::1PJft-Z~;K~im:-ttc:lib0 1 t::J.J::.01%W7 r 1/ 4 
t !-fFmx. 6 o WfllcimH%0~iWUWfllc<-%W7 r 1/ 4 CTJTI[{ft Wfllc<%W7 r > 4 01ffilf::tt 0,ff 
0 3 f* .l::JJ::.--c· "ih--:i -z , Wfllc 1 t.Ll::. 0itw 7 J > 4 u, ,rnicimlt-&0 :i "G Wfllcffi 1 0miB ~ ·1 :£ 
tc:amrllc:ffi 2 0Jill.iB1, ,t::imc.~ ~ tt -z 1.,, 6 0 

[0014] 

C:.CT).l\ •y,;, 51 t--~~ 1 o t:.L tl*1!ruOO~lf-t 6~T-~-=r~~1£:iP0~aJI-t 6t2/ibo) i 
Cl)c·cb I) , imHt 1 UiwrllC:1:i*]!lfijj'ij(;:J:, ft-51::. T:nfllJ(::ffl ~T 6 JJ[P}(:::@;U'-Z 1., •6 C: t ti 
if:£ L 1,," C: CTJJ\ •:; 7 51 r-~~ 1 O t::;/':W\"(, ffi 1 0illti!ZI 1 t::tHt 6J::.ill.--c··cb I) , ffi 
2 0illtt!ZI 1 t::i:3 ft 6 T12I-z· ch -5 ◊ 
[ 0015] 

IZl 2 t;:jf;;--t J:: j (::, .1{ •:; 7 51 r-~~ 1 0 !.:L 71/-L 1 t-it7··7 v-L 3 t ~fFm.z, 7 
v-h, l 0P-J(!IJ(::t;L LED 2 1 b•JH::t*~~htdic.*.l~;f=Jx 2 :h•ll~~~t1.-z 1, ,_; ◊ Wc.*Uf 
;f=Jx 2 ti, 7 Jv ~.::.. "7 Li;( c 0) ~~f~~tif:H::it\e~Ji ~ ftltmt L, C: Cl)fe~JiCl)J::.?::@]Jm~tJR 
~ r,y>-=..1/"J''Ltc: '60-Z·cb 6 o lmc.*l~;f=Jx2 0ITTf{!IJ0~ffit::t;t~,l&Cl) LED 2 1 b1*~~ 
tL 'Z \.- •6, Wc.rl~;t!z2 i:t. LED 2 1 0J,~1:T~fj:::i::ff--:i 'Z ~!:ET 6~~~:m$t::&~T o 
tc:/lt:>Cl)tiZ~tiO)f.~*IJ b~b --C ~ >,t,, l'ic.*l~;f=Jx2 0) l'JIJf.!liJ?::tifil.Ji:ttllL v ✓.:::( ;y- }-~ t' Cl) 
x'¥:$t16 :l]i~~~h. "(I, •6 0 £.ts.:, imH%%Joc$t1tL-ZWc.*t~;f=Jx20f:iFSUlJ?::'ltf7 V 

-L3h1~tt0:h-z1.,,.;o 'ltf7v-L 3 tlmc~£;f=Jx2 t0rnJ0~FJHiimN% 1 1 t~--:i'Z 
1, 1 6 ◊ imH% 1 1 O)J::.t!lffitim.l□ 5 t i;J:--:i 'Z ~ ,-5 ◊ 'lj-7··7 v-L 3 0mtT$t:=ti1%W7 r 1/ 4 
i}~~~fl--Cl,\,b◊ ::0.1,,y771 t-~~1 OU, iTiLlml 10J::.$0m.lD5b>bP,Jh1~A.,. 
t-:·~m~'ltf7 I/-L 3 0ftT$b>h?i'iffi7 T > 4 ~.iffi t 'Z~~:mT-5ffl.©t i;J:--:i -z1,,-5 o 

iWW7 T 1/ 4 Cl)f!m~Gj:J:::jzt(l) J:: j t:: 1 ,[,jJ::. ·-e~htf J:: 1, ,:!]{, **»m0%!1Jc'tl:, 2--::>Cl){W 
W 7 1 > 4 :l]iJmc.~ ~ :t1. 'Z 1, • 6 o 

[ 0016] 
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( 5 ) ~fm.12008-10361 (P2008-10361A) 

( {1: ffl . 5:'JJ* ) 
*~ni!!071';JiJJ::J:Ht or, '1/ :7 31 H~@'.0(tffl · WJ*~filtBJJ-t 6 t::itf_::-:, '"C £. i''_ -1::_ 

~O):nlf@t::;B\, Y-"({#'!f17 J ✓ 4 :Q' 2 fjfilO)#lj~O)~'AO)iric.:h~l;Rl 3 t=~-t O £. tc:' lUx0tc: 

ii:>(::, <#W 7 , 1/ 4 ~ ?T!Jl'frO) LTnfPJ 0) 9":'R: (,:: !~@'. L , ifil/il%0 _L)ljffi;f-3 J:: tfr )/jffi ~ml□ t L 
t::tJ;~0~0fifi::h.~l:Rl4 t=~-t, l:RI 3 , l:Rl4 t:::.B \, .-z.v'f~ 1 1 01w&w t -to 0 

[0017] 
!;RI 3 z··tt_ fifi:H% 1 1 O)J::_)ljffiO)mJ □ 5 iJ, t:. II&\, ,Q,,~ ht::~'AO)ifit:td;L ~ i"rn t::jit,{, tf 

f&, ifilH% 1 1 Tlf!H::;Bt ,z U<#W7, > 4 01Jt::[i'lJiJ•-:, Z aat·0 1, :5:it~ll~t::U~%W7, ::./ 
4 t::frJJ¥T o o ..:. 0 t ~, <#W7 -r Y 4 0:ti:ti't'til\ "/ 1- :.-,:7··--c~-tflL@'.t::iJEhiJ'Jfi::i:.T 
oo 
[ 0018] 

l:Rl4 1:t:L ifilHt 1 1 0-1::_)/jffi t r)/jffic b· t:, .f-h--f"ttll&\- ,Q,,~tLt::~'AC1)ifil:n1J,vftH% 1 1 0 
-1::_ r1J[i'lJ0$:'k:~t=:tiili: Ltc: t E' ,::iiw7 7 ✓ 4 011t::[i'lJ1J,-:, z llBbH::i, -?ti r:nwW7 I 

Y 4 :ti:ti O)J \ •;11- > :1··z··~-t {lI.@'. t::iif'.h 1J'~1=:T o o 

[ 0019] 

u::t::, <tw 7 T :,, 4 iJ'i1'icM: ~no -1::_ r1J[i'lJ1:·0flLM: t vft~ 1 1 0:rw;w t 1J•i112J£U1f;f!x 2 -1::_ 
O)i.£\_Ji'.J::_~(;:--9-j__ G~~t::--::i \, i'( :J Yt" J___ -7' -1::_1:·tw-tfr~fi~-i.- 1 , litm?, Ltc: 0 .f-0mffl:O) 
:7··3 7 ~!;RI 5 t::~-t Q !;RI 5 O);f:i!lf!l!lsi, mtlll 1 1 0)$/i!r~W, 1%!117 7 Y 4 0@H¥~ D, ?#"W 
77Y4011fill{(~Nt Lt::c E'0W/DN~~T◊ l;Rl501t.f/l'11itt, <%W77 ✓ 4~iirfiri 

(::§c@'. Ltc: c E' 0i}l!&_l:_~$jO)fi::kfi1!~ t. T 1 , <iiW7 7 ✓ 4 ~ L rnfPJO)q:t:W;(::Wcili L 
t:: c ~ 0i£Ji'._l:_~~0.1ntJ .. (i1!~ t. T 2 c Lt:: c E' O)t, T 1 / t. T 2 ~~ L -C \, 16 ◊ ..:. ..:. 't'ti 
, 1 i£Ji:J::_~:fw;C1Jfi::kfi1! J t::ii. § L -C \,, -idJ', ..:. ht:L rh :7 31 1-- ~@'.ClJ J,~t~Tf&ClJ-e~ 
ftT7£h~ LED ClJ"l&:ft~1ilJJ~fi:1J+:-t o t::tL i£Ji'.L~$iC1Jii:kfi~ 1J,~ < :fflLt o ClJii 
ff½M~iJ•t:;, Z"iho O i.£\.Ji'.L~~Cl)Jii),ii1!~1J,~ < Jl];::h.tfi£Ji'.A 3 {,1J\~ < ~ ')' .f-0.)*s 
ffl:, -@.L7'l,1J\~ <7£00 

[ 0020] 
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DESCRIPTION 

APPARATUS FOR COOLING HEAT GENERATING SPOT OF ELECTRONIC 

DEVICE, COOLING METHOD THEREFOR, AND LIQUID CRYSTAL 

5 PROJECTOR APPARATUS 

TECHNICAL FIELD 

The present invention relates to an apparatus for cooling a heat 

generating spot (area) of an electronic device, a cooling method therefor, and a 

10 liquid crystal projector apparatus, and more particularly, to an apparatus for 

cooling a heat generating spot (area) of an electronic device, with two cooling 

units which feed air streams that collide with each other on a cooling plane, a 

cooling method therefor, and a liquid-crystal projector apparatus which includes 

the apparatus for cooling a heat generating spot of an electronic device. 

15 BACKGROUND ART 

Apparatuses for cooling heat generating spots of electronic devices 

have been used in a variety of forms, and cooling apparatuses which rely on air 

for cooling have been developed in a variety of configurations for purposes of 

simplifying the configuration. A plurality of forced air cooling type cooling 

20 apparatuses are provided in projector apparatuses which are projection display 

devices currently widely used for business and home applications. 

A projection display device projects an image generated on an image 

display element of an image display onto a screen under magnification. Among 

such projection display devices, a liquid crystal projector apparatus which 

25 employs liquid crystal panels for image display elements displays an image on a 

screen in the following configuration and operation. 
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White light from a light source is reflected by a reflector, and is 

polarized or converted by PBS (Polarization-Beam Splitter) for separation into 

respective color light of red, green, and blue (R/G/B). Each separated color light 

is directed into each liquid crystal panel corresponding thereto, and optically 

5 modulated by the liquid crystal panel in accordance with a video signal. Each 

optically modulated color light is combined by a cross dichroic prism and 

projected onto a screen through a projection optical system. 

In this event, a liquid crystal panel which operates in a TN (Twisted 

Nematic) mode can treat only a particular linearly polarized component, so that 

10 each color light is coordinated in a predetermined polarization direction (for 

example, S-polarization) by a polarizing plate before it impinges on the liquid 

crystal panel, and then optically modulated by the liquid crystal panel. 

Subsequently, an S-polarized component is cut by a polarizing plate on the exit 

side of the liquid crystal panel to extract a P-polarized component alone. 

15 In this way, within a liquid crystal unit which includes an incident-side 

polarizing plate, a liquid crystal panel, and an exit-side polarizing plate, the 

incident-side polarizing plate and exit-side polarizing plate disposed before 

(upstream) and after (downstream) the liquid crystal panel along the optical axis 

each have functions of passing only polarized light in one axial direction and 

20 blocking other polarized light, and therefore generate heat during their 

operations due to light absorption. Also, the liquid crystal panel internally 

generates heat during its operations in the same manner because part of the 

transmitted light is blocked by a black matrix disposed on boundaries of 

respective pixels. 

25 Organic materials are often used for these liquid crystal panels and 

polarizing plates, so that if they are irradiated with light at short wavelengths or 
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are exposed to high temperatures for a long time, their functions will be largely 

compromised by damaged alignment films of the liquid crystal panels, lower 

polarization selection characteristics of the polarizing plates, and the like. 

Accordingly, countermeasures to heat radiation, such as forced air cooling, are 

5 required for these components of the liquid crystal unit. 

A specially configured cooling apparatus is required for efficiently 

cooling a plurality of heat generating spots of a plurality of components in an 

electronic device, each of which has surfaces that oppose each other with a 

spacing defined therebetween, and includes heat generating spots on the 

10 surfaces opposite to each other. 

Fig. 1 (a) and 1 (b) are schematic diagrams of the configuration of a 

liquid crystal projector apparatus of a background related art, where Fig.1 (a) 

generally illustrates the appearance of the general liquid crystal projector 

apparatus, and Fig. 1 (b) illustrates the internal structure of the liquid crystal 

15 projector apparatus. Fig. 2 in turn is a schematic diagram of the internal 

configuration of the liquid crystal projector apparatus. 

As mainly illustrated in Fig. 2, liquid crystal projector apparatus 1 

includes cooling fan 3 for forcedly cooling liquid crystal unit 2, and cooling air 

duct 4, both of which are mounted in the housing of liquid crystal projector 

20 apparatus 1. In addition, lamp cooling fan 7 for cooling light source 5, power 

supply unit 10 and the like, exhaust fan 9 for exhausting the housing, and the 

like are provided as required. 

Here, a general method of cooling liquid crystal unit 2 of liquid crystal 

projector apparatus 1 will be described with reference to Figs. 3A and 3B. Figs. 

25 3A and 38 are schematic diagrams illustrating the configuration of a cooling unit 

for cooling the liquid crystal unit in the liquid crystal projector apparatus, where 
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Fig. 3A is an exploded perspective view, and Fig. 3B is a schematic 

cross-sectional view for describing a forced air cooling operation. 

In Fig. 3B, liquid crystal unit 2 including incident-side polarizing plate 

12, liquid crystal panel 13, and exit-side polarizing plate 14 is provided for each 

5 color light (R/G/8), and air cooling device 15 including cooling fan 3 and cooling 

air duct 4 is disposed therebelow. 

During the operation of air cooling device 15, air 16 from cooling fan 3 

is fed into spaces among incident-side polarizing plate 12, liquid crystal panel 13, 

exit-side polarizing plate 14, which include each liquid crystal unit 2, from the 

10 lower end of liquid crystal unit 2 through discharge port 17 provided in cooling 

air duct 14 to perform forced air cooling. 

In recent years, a reduction in size and an increase in luminance have 

been increasingly requested for liquid crystal projector apparatuses in 

accordance with their versatile usages. To respond to such requests, an 

15 increase in lamp power and a reduction in size of display device are now under 

progress, resulting in an increase in flux density of light incident on the liquid 

crystal unit, and a continuous increase in heat load on each component which 

forms part of liquid crystal unit 2. 

For example, in a liquid crystal projector apparatus (1.0"-XGA) of 

20 2000-lm class, a total amount of heat generated by liquid crystal units is 

approximately 15 W, while heat flux of an exit-side polarizing plate is 

approximately 0.6 W/cm2
. However, with a 5000-lm class, a total amount of heat 

generated by liquid crystal units amounts to 35 W or more, while heat flux of an 

exit-side polarizing plate amounts to 1.4 W/cm2 or more. 

25 Generally, when forced air cooling is used for cooling liquid crystal 

units, the amount of air fed by a fan is increased to enhance the air velocity 
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around a heat generating spot to improve the heat transfer coefficient and heat 

radiation capabilities, thereby accommodating ever increasing heat loads. 

However, as the amount of fed air is increased by increasing the 

rotational speed of the fan, operation noise will increase. On the other hand, as 

5 the amount of fed air is increased by employing a fan of larger size, this 

mitigates reducing the size of the apparatus. 

On the other hand, requests have been gradually increased for longer 

lifetime of liquid crystal projector apparatus for reducing environmental loads 

and running cost. Apart from lamps, a factor which dominates the lifetime of the 

10 liquid crystal projector apparatus is mainly the lifetime due to degraded optical 

characteristics in the liquid crystal units. Accordingly, the lifetime can be 

increased by reducing the operating temperature of the liquid crystal units 

through improvements on the cooling performance. 

However, in a laminar flow region, the average heat transfer coefficient 

15 of forced convection is proportional to the square root of the air velocity, while 

the operating temperature of the panel is reciprocally proportional to the square 

root of the air velocity. Thus, a reduction in the operating temperature of the 

panel to some extent will result in a lower sensitivity of a change in panel 

temperature to a change in air velocity. 

20 Fig. 4 is a graph showing the relationship between a panel cooling air 

velocity and the panel operating temperature in 0.8"-SXGA (5000-lm class, 25°c 

environment). For reducing the panel operating temperature from 70°C to 60°C 

(£\ T=-10°C), the air velocity may be simply increased from 4.5 mis to 8 mis (.6 

V=+3.5 m/s), whereas for reducing from 60°C to 50°C ( £\ T=-10°C), the air 

25 velocity must be increased from 8 mis to 18 mis(£\ V=+10 mis), as can be seen 

from the graph. 
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In this way, when forced air cooling is relied on to further reduce the 

panel operating temperature for prolonging the lifetime, the cooling air velocity is 

excessively required as the target temperature is lower. Accordingly, the fan 

operation noise can further increase, or the apparatus can be increased in size, 

5 as described above, and in some cases, the limit of cooling capabilities (air 

cooling limit) can be exceeded, so that the development of a highly efficient 

liquid crystal unit cooling system is an urgent necessity. 

Further, in regard to the liquid crystal panel, another requirement exists 

for cooling from a viewpoint of image quality. Specifically, since the optical 

10 modulation effect to an input signal highly depends on the temperature in the 

optical modulation of the liquid crystal panel, thermal gradient on the panel 

plane cause variations in luminance and color, resulting in a degraded quality of 

projected images. For this reason, in cooling the liquid crystal panel, a cooling 

method is desired to minimize a temperature gradient and temperature 

15 variations which occur on the surface of the panel in operation. 

Fig. 5 is a schematic side view illustrating a first related art example of 

liquid crystal unit cooling, as disclosed in Patent Document 1 (JP-11-295814A). 

Specifically, an apparatus for improving a liquid crystal panel cooling efficiency 

is provided with the aid of air directing plate 39 disposed below cross dichroic 

20 prism 35 to optimize the direction of air fed from cooling fan 3. 

Fig. 6 is a schematic perspective view illustrating a second related art 

example of liquid crystal unit cooling, as disclosed in Patent Document 2 

(JP-2001-318361A). Specifically, an apparatus for improving a cooling 

efficiency is provided with protrusion 41 for guiding cooling air to liquid crystal 

25 holding frame 40 to restrain interstices of air fed from duct discharge port 42. 
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Fig. 7 is a schematic cross-sectional view illustrating a third related art 

example of liquid crystal unit cooling, as disclosed in Patent Document 3 

(JP-2004-61894A). Specifically, an apparatus is provided for adjusting a cooling 

air velocity by changing air passage widths (X and Yin the figure) between 

5 liquid crystal panel 13 and polarizing plate 14 with the provision of cutout 43 in 

an air passage of liquid crystal panel holding frame 40. 

Figs. 8A and 88 are schematic diagrams illustrating a first example of a 

fourth related art example of liquid crystal unit cooling, where Fig. 8A is a top 

plan view, and Fig. 8B is a lateral sectional view. Figs. 9A and 9B are schematic 

10 diagrams illustrating a second example of the fourth related art example of liquid 

crystal unit cooling, where Fig. 9A is a top plan view, and Fig. 98 is a lateral 

sectional view. This fourth related art example is disclosed in Patent Document 

4 (JP-2000-124649A). 

In Figs. 8A and 88, air leading plate 44 having a Li-shaped groove form 

15 is connected (positioned) between liquid crystal panel 13 and polarizing plate 12, 

for turning the direction of cooling air blown up from below on the exit side of 

liquid crystal panel 13 by the U-shaped groove at the upper end by 180° to feed 

the air from above to below on incident polarizing plate 12, thereby eliminating 

thermal gradient which occur on the panel surface. 

20 

25 

On the other hand, in Figs. 9A and 98, an apparatus is disclosed for 

eliminating thermal gradient on a panel plane with the provision of a pair of 

cooling fans 3a, 3b above and below liquid crystal panel 13, with the liquid 

crystal panel interposed therebetween, to feed an air stream from below to 

above on the exit side and from above to below on t~e incident side. 

Fig. 10 is a schematic lateral sectional view illustrating a fifth related art 

example of liquid crystal unit cooling. This fifth related art example is disclosed 
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in Patent Document 5 (JP-2001-209126A) which discloses an apparatus which 

includes a liquid crystal panel cooling unit in a closed internal circulation 

structure with the use of circulation duct 45, where first cooling fan 3a air-cools a 

liquid crystal unit, exhaust air heated by received heat is transferred to external 

5 air circulation duct 46 shield by circulation duct 45 through a heat sink or the like 

(not shown, provided on the boundary of circulation duct 45 and air circulation 

duct 46 in the figure), and the heat of the heat sink is radiated by second cooling 

fan 3b which is provided outside. 

10 DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

As described above, when an attempt is made to increase the air 

velocity of the fan to improve the cooling performance in the cooling of the liquid 

crystal unit, this will lead to increased fan operation noise and mounl\ng volume. 

15 Further, when the liquid crystal unit is desirably cooled to about room 

temperature to prolong its lifetime, this can be hampered by the air cooling limit 

(the temperature is not reduced even if the air velocity is increased). 

Patent Document 1 (first related art example) discloses a structure 

which includes an air directing plate below a cross dichroic prism for adjusting 

20 the direction of cooling air fed to a liquid crystal panel to improve the efficiency 

of cooling the liquid crystal panel. However, even if an increased amount of air is 

fed to impinge the panel exit side by optimizing the angle at which the air is fed 

to the liquid crystal panel, a reduced air stream is fed to the exit-side polarizing 

plate positioned on the opposite surface thereof on the contrary, thereby 

25 resulting in a lower efficiency of cooling the exit-side polarizing plate. 
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Patent Document 2 (second related art example) discloses an 

apparatus which includes a protrusion in a liquid crystal panel holding frame for 

limiting interstices of fed air stream to efficiently guiding the air stream fed 

through the duct to the liquid crystal panel without waste. However, since the 

5 restraint of leaking air by the protrusion partially causes a reduction in air 

velocity due to an increased air resistance, and a rise in panel temperature due 

to stagnation of discharge heat (exacerbation of release of exhaust air) in a 

downstream region (above the liquid crystal panel), the improvement on the 

cootrng efficiency is canceled out, thus making it difficult to provide sufficient 

10 effects. 

Patent Document 3 (third related art example) discloses an apparatus 

which includes a cutout in an air path of a liquid crystal panel holding frame to 

ensure an air passing area even if a spacing with a polarizing plate is narrow, 

thereby compensating for the cooling air velocity. However, when the spacing 

15 between respective units is narrow at an inflow end, this constitutes an air 

resistance to reduce the amount of fed air. Also, even if a cutout is provided on 

the downstream side thereof to increase the air passing area, the air velocity is 

reduced at cooled components (liquid crystal panels, and light transmission 

planes of polarizing plates), so that the cooling efficiency is not increased. 

20 The first example of Patent Document 4 (fourth related art example) 

discloses a structure which includes an air guiding plate having a U-shaped 

groove form connected (positioned) between a liquid crystal panel and a 

polarizing plate to turn around an air stream fed by a fan at a top end to cool the 

liquid crystal panel in opposite directions on the incident side and exit side of the 

25 liquid crystal panel, thereby alleviating variations in panel temperatures. In this 

event, however, the air passing area is reduced to one half, and an air traveling 
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distance is increased twice, as compared with conventional structures, thus 

exacerbating the air resistance to restrain the amount of air fed by the fan. Also, 

since the air which has passed by and cooled the panel exit side in the former 

half of the Li-shaped groove is heated by discharged heat, the heat radiation 

5 capabilities significantly decrease in the latter half in which the air turns around 

to pass by the panel incident side. Thus, this structure is not suitable for highly 

efficient cooling. 

On the other hand, in the second example (Figs. 9A an 98) of the 

fourth related art example which ventilates the panel incident side and exit side 

10 individually in opposite directions using a pair of fans, this is effective in that the 

heat generation distributions (cooling actions) on the panel surfaces are upside 

down on the incident side and exit side to balance the temperature within the 

panel. However, this structure follows a conventional cooling method in that a 

parallel air flow is directed onto a heat generating plane to radiate heat, and fails 

15 to achieve a sufficient cooling efficiency because an air resistance increases 

due to a r~duction of each air passing area to one half while a heat radiation 

load per fan is reduced. 

Patent Document 5 (fifth related art example) forcedly air-cools liquid 

crystal units by a closed circulation system to transfer heat of exhaust air to the 

20 outside through a heat sink and radiate the heat by another air-cooling fan, 

thereby reducing the temperature of internally circulated air for cooling the liquid 

crystal units. In this event, however, while effective for preventing dusts being 

introduced into the liquid crystal units, the transport of discharged heat involves 

a heat transfer process of gas (internally circulated flow) --> solid (heat sink) --> 

25 air (forced air cooling to external air) twice, and therefore the fifth related art 

example disadvantageously suffers from a poor heat transport efficiency due to 
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a large heat resistance from the internally circulated air to the external air and 

cannot be applied to a high luminance model which generates a large amount of 

heat. 

It is an exemplary feature of the present invention to provide a silent 

5 cooling apparatus for effectively reducing the operating temperature of an 

electronic device which includes a plurality of components which include 

surfaces opposite to each other with a spacing therebetween and have a heat 

generating spot on at least any of the surfaces opposite to each other, in a small 

and low-cost configuration. 

10 MEANS FOR SOLVING THE PROBLEM 

An apparatus for cooling a heat generating spot of an electronic device 

of the present invention is a cooling apparatus for forcedly air-cooling a heat 

generating spot of an electronic device which includes a plurality of components 

which are disposed side-by-side to have the same in-plane direction, and which 

15 include heat generating spots within their surfaces. The cooling apparatus 

further includes first air cooling means for feeding an air stream to the heat 

generating spot in an orientation of the in-plane direction, and second air cooling 

means for feeding an air stream to the heat generating spot in the in-plane 

direction in a different orientation from the air stream by the first air cooling 

20 means. 

EFFECTS OF THE INVENTION 

In the apparatus for cooling a heat generating spot of an electronic 

device in the present invention, for example, when applied to a cooling 

mechanism for a liquid crystal image display, a pair of air cooling means 

25 disposed in opposition in the vertical direction across a liquid crystal unit 

interposed therebetween, are used to cause air streams to collide in an 
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opposing state in a space between a liquid crystal panel and a polarizing plate, 

thereby generating an impinging jet flow perpendicular to each heat generating 

plane of the liquid crystal panel and polarizing plate. In this way, the heat 

transfer coefficient can be significantly improved to promote the heat transfer, 

5 as compared with the cooling of a liquid crystal unit according to the background 

related art which relies on a uniform flow along a parallel plane, thus 

advantageously providing small-size, low-cost, and low-noise highly efficient 

cooling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 The foregoing and other exemplary purposes, aspects and advantages will 

be better understood from the following detailed description of an exemplary 

embodiment of the invention with reference to the drawings. 

Fig. 1 (a) and Fig. 1 (b) are schematic diagrams of the configuration of a liquid 

crystal projector apparatus of a background related art, where Fig. 1 (a) 

15 illustrates the appearance of a general liquid crystal projector apparatus, and 

Fig. 1 (b) illustrates the internal structure of the liquid crystal projector apparatus. 

Fig. 2 illustrates a schematic diagram illustrating the internal configuration of a 

liquid crystal projector apparatus. 

Fig. 3A illustrates a schematic exploded perspective view illustrating the 

20 configuration of a cooling unit for a liquid crystal unit of a liquid crystal projector 

apparatus. 

Fig. 38 illustrates a schematic cross-sectional view for describing a forced air 

cooling operation of the cooling unit for the liquid crystal unit of the liquid crystal 

projector apparatus. 
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Fig. 4 illustrates a graph showing the relationship between a panel cooling air 

velocity and a panel operating temperature in 0.8"-SXGA (5000-lm class: 25 □ 

environment). 

Fig. 5 illustrates a schematic side view illustrating a first related art example of 

5 cooling a liquid crystal unit. 

Fig. 6 illustrates a schematic perspective view illustrating a second related art 

example of cooling a liquid crystal unit. 

Fig. 7 illustrates a schematic side view illustrating a third related art example of 

cooling a liquid crystal unit. 

10 Fig. SA illustrates a schematic top plan view illustrating a first example of a 

fourth related art example of cooling a liquid crystal unit. 

Fig. SA illustrates a schematic lateral sectional view illustrating the first example 

of the fourth related art example of cooling a liquid crystal unit. 

Fig. 9A illustrates a schematic top plan view illustrating a second example of the 

15 fourth related art example of cooling a liquid crystal unit. 

Fig. 98 illustrates a schematic lateral sectional view illustrating the second 

example of the fourth related art example of cooling a liquid crystal unit. 

Fig. 10 illustrates a schematic lateral sectional view illustrating a fifth related art 

example of cooling a liquid crystal unit. 

20 Fig. 11 illustrates a schematic exploded perspective view of an apparatus for 

cooling a heat generating spot of a liquid crystal image display according to a 

first exemplary embodiment of the present invention. 

Fig. 12 illustrates a schematic cross-sectional view for describing the 

configuration and operation of the apparatus for cooling a heat generating spot 

25 in a liquid crystal image display according to the first exemplary embodiment of 

the present invention. 
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Fig. 13 illustrates a schematic partial cross-sectional view and a partially 

enlarged cross-sectional view showing the flow of an air stream for cooling a 

liquid crystal unit in Fig. 12. 

Fig. 14 illustrates a schematic cross-sectional view for describing the 

5 configuration and operation of apparatus for cooling a heat generating spot in a 

liquid crystal image display according to a second exemplary embodiment of the 

present invention. 

Fig. 15 illustrates a schematic partial cross-sectional view and a partially 

enlarged cross-sectional view showing the flow of an air stream for cooling a 

10 liquid crystal unit in Fig. 14. 

Fig. 16A illustrates a schematic cross-sectional view of a cooling structure in the 

first exemplary embodiment, as viewed from a light transmission plane side. 

Fig. 16B illustrates a schematic cross-sectional view of the cooling structure in 

the first exemplary embodiment, as viewed from a transverse plane side. 

15 Fig. 16C illustrates a schematic cross-sectional view of a cooling structure in a 

third exemplary embodiment, as viewed from a light transmission plane side. 

Fig. 16D illustrates a schematic cross-sectional view of a cooling structure in a 

fourth exemplary embodiment, as viewed from a light transmission plane side. 

Fig. 16E illustrates a schematic cross-sectional view of a cooling structure in a 

20 fifth exemplary embodiment, as viewed from a light transmission plane side. 

Fig. 16F illustrates a schematic cross-sectional view of a cooling structure in a 

sixth exemplary embodiment, as viewed from a light transmission plane side. 

Fig. 17 A illustrates a schematic explanatory diagrams of a seventh exemplary 

embodiment according to the present invention, including a perspective view 

25 which describes a duct configuration of a cooling apparatus, and a 

cross-sectional view which describes operations. 
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Fig. 178 illustrates a schematic explanatory diagram of the seventh exemplary 

embodiment according to the present invention, and a top plan view which 

describes the operation of the cooling apparatus. 

Fig. 18 illustrates a schematic explanatory diagrams showing a control method 

5 in a cooling apparatus of the present invention, where (i) illustrates a front view 

of a liquid crystal unit as viewed from a light transmission plane side, and (ii) 

illustrates a cross-sectional view of the same, and (a), (b), (c) show changes in 

the amount of air streams of a fan in time series. 

Fig. 19 illustrates a schematic diagram for describing impinging jet cooling. 

10 Fig. 20A illustrates a schematic diagram for describing a liquid crystal panel and 

a light transmission plane of a polarizing plate in a liquid crystal image display, 

and a front view which depicts a liquid crystal panel and a polarizing plate side 

by side. 

Fig. 208 illustrates a schematic diagram for describing a liquid crystal panel and 

15 a light transmission plane of a polarizing plate in a liquid crystal image display, 

and a side view which displays a liquid crystal panel and a polarizing plate side 

by side. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Next, an apparatus for cooling a heat generating spot of an ele?tronic 

20 device according to an exemplary embodiment of the present invention will be 

described in terms of the configuration and operation with reference to the 

drawings. In this exemplary embodiment, for facilitating the understanding, the 

electronic device will be described as represented by a liquid crystal image 

display of a liquid crystal projector apparatus, and components such as an 

25 incident-side polarizing plate, a liquid crystal panel, and an exit-side polarizing 

plate which form a liquid crystal unit. However, the present invention is not 
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limited to this exemplary embodiment, but may also be applied to a cooling 

apparatus or the like for an electronic device which includes a plurality of 

components, each of which includes surfaces opposite to each other with a 

spacing defined therebetween, where at least any of the surfaces opposite to 

5 each other is a heat generating spot, for example, heat generating spots 

disposed across a narrow gap, such as a rack unit which has a plurality of 

printed circuit boards mounted therein in parallel, IC chips mounted on a board 

of a small-size electronic device in a narrow space facing an inner wall of a 

housing, and the like. 

10 Since the liquid crystal projector apparatus has been previously 

described in the section of Background Art, the description is omitted here. 

Fig. 11 is a schematic exploded perspective view of an apparatus for 

cooling a heat generating spot of a liquid crystal image display according to a 

first exemplary embodiment of the present invention, Fig. 12 is a schematic 

15 cross-sectional view for describing the configuration and operation of the heat 

generating spot cooling apparatus in the liquid crystal image display according 

to the first exemplary embodiment of the present invention, and Fig. 13 includes 

a schematic partial cross-sectional view and a partially enlarged cross-sectional 

view showing the flow of air for cooling a liquid crystal unit in Fig. 12. 

20 Cooling apparatus 26a for a liquid crystal image display (electronic 

device) of a liquid crystal projector apparatus according to the present invention 

is formed of first air cooling unit 29a including first cooling fan 27a and first air 

cooling duct 28a, and like second air cooling unit 33a including second cooling 

fan 31 a and second air cooling duct 32a, disposed at an upper and a lower end 

25 of liquid crystal unit 2 which is provided for each of R/G/8 color light and 
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includes incident-side polarizing plate 12, liquid crystal panel 13, and exit-side 

polarizing plate 14 which are assembled into a unit. 

Referring next to Fig. 12, operations for cooling liquid crystal unit 2 by 

cooling apparatus 26a in this exemplary embodiment, will be described. 

In this exemplary embodiment, as illustrated in Fig. 12, first air cooling 

unit 29a is provided at the lower end of liquid crystal unit 2, and first air stream 

30a generated from first cooling fan 27a passes through spaces between 

incident-side polarizing plate 12 and liquid crystal panel 13 of each color light 

and between liquid crystal panel 13 and exit-side polarizing plate 14 from below 

10 to above through first air cooling duct 28a. 

Additionally, second air cooling unit 33a is provided at the upper end of 

liquid crystal unit 2, and second air stream 34a generated from second cooling 

fan 31a passes through spaces between incident-side polarizing plate 12 and 

liquid crystal panel 13 of each color light and between liquid crystal panel 13 and 

15 exit-side polarizing plate 13 from above to below through second air cooling 

duct 32a in the same manner. 

Referring next to Fig. 13, a description will be given of a cooling action 

by cooling apparatus 26a in this exemplary embodiment. Fig. 13 is a schematic 

cross-sectional view of liquid crystal unit 2 for one color light alone, extracted 

20 from among liquid crystal units 2 in Fig. 12. 

As described above, first air stream 30a is sent from the lower end of 

liquid crystal unit 2 into the space between incident-side polarizing plate 12 and 

liquid crystal panel 13 and the space between liquid crystal panel 13 and 

exit-side polarizing plate 14 from below to above. Second air stream 34a is sent 

25 from the upper end of liquid crystal unit 2 into the space between incident-side 

polarizing plate 12 and liquid crystal panel 13 and the space between liquid 
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crystal panel 13 and exit-side polarizing pate 14 from above to below in the 

same manner. First and second air streams 30a and 34a collide at a central 

position (impinging plane a in the drawing) in an opposing state in a space 

between the respective units when first cooling fan 27a and second cooling fan 

5 31a have an equivalent amount of fed air, and when first air cooling duct 28a 

and second air cooling duct 32a have an equal air resistance. 

In this event, first air stream 30a and second air stream 34a which 

collide in an opposing state from directions opposite to each other, generate 

evolutional flows which perpendicularly go to polarizing plates 12, 14 on the 

10 incident/exit sides and the light transmission plane of liquid crystal panel 13 at 

positions at which they collide, as illustrated in a detailed view of Fig. 13. Thus, 

a perpendicular jet stream is formed toward a heat generating plane (light 

transmission plane) while allowing the transmission of the color light. 

In this way, the heat transfer coefficient can be largely increased as 

15 compared with a cooling method of the background related art which relies on a 

parallel flat flow, thus making it possible to cool the liquid crystal units at a high 

heat radiation efficiency. 

Next, a second exemplary embodiment in an apparatus for cooling an 

electronic device according to the present invention will be described in detail 

20 with reference to the drawings. Fig. 14 is a schematic cross-sectional view for 

describing the configuration and operation of the apparatus for cooling a heat 

generating spot in a liquid crystal image display according to the second 

exemplary embodiment of the present invention, and Fig. 15 includes a 

schematic partial cross-sectional view and a partially enlarged cross-sectional 

25 view showing the flow of air for cooling a liquid crystal unit in Fig. 14. 
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In cooling apparatus 26b in the second exemplary embodiment, and in 

cooling apparatus 26a in the first exemplary embodiment, second air cooling 

unit 33b disposed at the upper end of liquid crystal unit 2 includes axial fan 36 

alone. 

Also, in this event, first air flow (stream) 30b sent by first air cooling unit 

29b including first cooling fan 27b and first air cooling duct 28b, and second air 

stream 34b sent from second air cooling unit 33b including axial fan 36 are fed 

into the space between incident-side polarizing plate 12 and liquid crystal panel 

13, which form part of liquid crystal unit 2, and the space between liquid crystal 

10 panel 13 and exit-side polarizing plate 14. Hence, the first air flow 30b and the 

second air stream 34b collide at substantially the central position between the 

respective elements (collision plane bin Fig. 15) in an opposing state. Thus, a 

perpendicular jet stream is generated which goes toward incident/exit-side 

polarizing plates 12, 14 and the light transmission plane of liquid crystal panel 

15 13, which are heat generating planes, in a manner similar to the first exemplary 

embodiment described above. 

In this exemplary embodiment, the second air cooling unit includes the 

axial fan alone, thereby reducing the size and simplifying the mounting. 

Next, third to sixth exemplary embodiments in the apparatus for 

20 cooling an electronic device according to the present invention will be described 

with reference to the drawings. 

Figs. 16A to 16F are schematic cross-sectional views of cooling 

structures in the first and third to sixth exemplary embodiments, where Fig. 16A 

is a schematic cross-sectional view of the first exemplary embodiment as 

25 viewed from a light transmission plane side; Fig. 16B is a schematic 

cross-sectional view of the first exemplary embodiment as viewed from a 
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transverse plane side; Fig. 16C is a schematic cross-sectional view of a third 

exemplary embodiment as viewed from the light transmission plane side; Fig. 

160 is a schematic cross-sectional view of a fourth exemplary embodiment as 

viewed from the light transmission plane side; Fig. 16E is a schematic 

5 cross-sectional view of a fifth exemplary embodiment as viewed from the light 

transmission plane side; and Fig. 16F is a schematic cross-sectional view of a 

sixth exemplary embodiment as viewed from the light transmission plane side. 

Fig. 16A and 168 are provided for describing a comparison of the first 

exemplary embodiment with the third to sixth exemplary embodiments. 

In the first exemplary embodiment, air streams are fed by independent 

air cooling units 29a, 33a from the upward and downward directions of liquid 

crystal unit 2 in opposing directions to cause cooling air streams to collide with 

each other at the central position on the light transmission plane (collision plane 

a) of liquid crystal unit 2, thereby generating a perpendicular flow (collision jet 

15 stream) toward each heat generating plane. 

On the other hand, in the cooling structure in the third exemplary 

embodiment illustrated in Fig. 16C, first discharge port 37c of first air cooling 

unit 29c disposed at the lower end of liquid crystal unit 2, and second discharge 

port 38c of second air cooling unit 33c disposed at the upper end of liquid crystal 

20 unit 2 in the same manner are offset to left and right, respectively, from the 

central axial line of the panel indicated by ax in the figure. 

In this way, first air stream 30c by first air cooling unit 29c and like 

second air stream 34c by second air cooling unit 33c oppositely collide at a 

position corresponding to a shift of an air velocity distribution, to form evolutional 

25 flows which go perpendicularly to the heat generating planes at positions 

substantially along a diagonal (collision plane c in the figure) on the light 
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transmission plane. Consequently, it is possible to accomplish wide and highly 

efficient cooling of the liquid crystal unit. 

In this event, since the air streams flow in an oblique direction after the 

collision, heated exhaust air can be readily discharged outside of the housing 

5 such that the exhaust air will not circulate again into the cooling air. 

The cooling structure in the fourth exemplary embodiment illustrated in 

Fig. 16D includes first discharge port 37d of first air cooling unit 29d and like 

second discharge port 38d of second air cooling unit 33d being disposed so as 

to oppose substantially on a diagonal of the light transmission plane. 

10 In this way, like the third exemplary embodiment described above, first 

air stream 30d by first air cooling unit 29d and like second air stream 34d by 

second air cooling unit 33d are fed into the space between the incident-side 

polarizing plate and liquid crystal panel, and the space between the liquid crystal 

panel and exit-side polarizing plate, and collide in opposition to each other at a 

15 diagonal position (collision planed in the figure) on the light transmission plane. 

Thus, evolutional flows are formed which go perpendicularly to the heat 

generating planes on the diagonal of the light transmission planes to produce 

similar effects to those of the third exemplary embodiment. 

The cooling structure in the fifth exemplary embodiment illustrated in 

20 Fig. 16E includes in that both first cooling unit 29e and second cooling unit 33e 

being disposed on both sides of the lower end of the liquid crystal unit. First 

discharge port 37e of first air cooling unit 29e and like second discharge port 

38e of second air cooling unit 33e are set such that air feeding directions 

intersect on the center line (ax in the figure) of the panel in the vertical direction. 

25 In this event, like other exemplary embodiments, the liquid crystal unit 

can be highly efficiently cooled, and simultaneously, the first and second air 
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streams can be discharged in the same direction toward above the liquid crystal 

unit, thus facilitating the heat exhaustion processing. 

The cooling structure in the sixth exemplary embodiment illustrated in 

Fig. 16F includes first discharge port 37f of first air cooling unit 29f and like 

5 second discharge port 38f of second air cooling unit 33f being disposed so as to 

oppose each other on the left and right sides of liquid crystal unit 2. 

In this event, mounting spaces must be provided on the left and right 

sides of the liquid crystal units. However, since evolutional flows toward the heat 

generating planes are formed on the center axis (ax in the figure) of the panel, 

10 this is effective for a liquid crystal panel which exhibits a large temperature 

gradient in the vertical direction. 

Next, a seventh exemplary embodiment in the cooling apparatus of the 

present invention will be described with reference to the drawings. 

Figs. 17 A and 17B are schematic explanatory diagrams of the seventh 

15 exemplary embodiment according to the present invention, where Fig. 17 A 

includes a perspective view which describes a duct configuration of the cooling 

apparatus, and a cross-sectional view which describes the operation, while Fig. 

17B is a top plan view which describes the operation in the same manner. 

In the seventh exemplary embodiment illustrated in Figs. 17A and 17B, 

20 the second cooling fan which forms part of the second air cooling unit is omitted. 

However, first cooling fan 27g is shared, and second air cooling duct 32g is 

branched halfway from first air cooling duct 28g, and extended toward the 

center of liquid crystal unit' 2 at a lateral position of liquid crystal unit 2 to 

discharge second air stream 34g toward the center of the light transmission 

25 plane substantially horizontally from a lateral direction of liquid crystal unit 2, in 
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the cooling apparatus of the first to sixth exemplary embodiments described 

above. 

In this way, first air stream 30g fed by first duct 28g from below to 

above liquid crystal unit 2, and second air stream 34g fed from one side of liquid 

5 crystal unit 2 have two different vectors (orthogonal vectors in this exemplary 

embodiment) and collide in a space in the unit near the central position on the 

light transmission plane between incident-side polarizing plate 12 and liquid 

crystal panel 13 or between liquid crystal panel 13 and exit-side polarizing plate 

14. Thus, a high cooling effect can be accomplished in a manner similar to the 

10 first to sixth exemplary embodiments described above. 

Also, in this event, since first cooling fan 27g is shared by first air 

cooling duct 28g and second cooling duct 32g, the number of mounted fans can 

be reduced to lead to a reduction in cost and noise. In addition, since second 

duct 32g is formed by branching part of first duct 30g, not only the cooling fan 

15 but also the cooling apparatus can be reduced in mounting volume, thus 

facilitating applications to small projector apparatuses. 

Further, since either the second cooling fan or the second duct need 

not be provided as an independent member, an assembling process can be 

simplified. This additionally allows maintaining the same productivity as the 

20 projector apparatus in the configuration of the background related art which 

employs a single cooling fan, while providing high cooling capabilities. 

Next, with reference to the drawings, described is a method of 

improving the quality of projected image using the cooling apparatus of the 

present invention by expanding a cooling action area to increase a heat 

25 radiation effect and simultaneously mitigating thermal gradient on the surface of 

the liquid crystal panel. 
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Fig. 18 includes schematic explanatory diagrams showing a control 

method in the cooling apparatus of the present invention, where (i) is a front 

view of a liquid crystal unit as viewed from the light transmission plane side, and 

(ii) illustrates a cross-sectional view of the same, and (a), (b), (c) indicate 

5 changes in time-series fan air amount. The order (a) --> (b) --> (c) --> (b) 

- > (a) represents fan air amount control in time-series and a ventilation state at 

the respective instances. 

In the explanatory diagrams, the cooling apparatus of the first 

exemplary embodiment described above is given as an example, but it can be 

10 applied to cooling apparatuses of other exemplary embodiments. 

First air cooling unit 29a and second air cooling unit 33a provided at 

the lower end and upper end of liquid crystal unit 2, respectively, include a first 

cooling fan (not shown) and first air cooling duct 28a, and a second cooling fan 

(not shown) and second air cooling duct 32a, respectively. From respective duct 

15 discharge ports, first air stream 30a and second air stream 34a are fed in 

opposite directions into spaces between incident-side polarizing plate 12 and 

liquid crystal panel 13 and between liquid crystal panel 13 and exit-side 

polarizing plate 14. Streams 30a, 30b collide at midway positions therein to form 

evolutional flows in a direction perpendicular to the light transmission planes. 

20 Thus, the heat generating planes are cooled with perpendicular jet streams. 

This cooling method controls the ratio of the amount of air fed by the 

first cooling fan to the amount of air fed by the second cooling fan to vary the 

location of the collision over time, and move the perpendicular flows to the light 

transmission planes in the vertical direction, thereby expanding an area to which 

25 the highly efficient cooling acts, and simultaneously mitigating the difference in 

temperature on the panel surface. 
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Specifically, the independent cooling fans (first cooling fan and second 

cooling fan) are controlled to adjust the ratio of the respective amounts of air fed 

by the fans such that a first air amount is larger than a second air amount at a 

certain time (Fig. 18(a)); such that the first air amount is equal to the second air 

5 amount at the next time (Fig. 18(b)); and such that the first air amount is smaller 

than the second air amount at the next time (Fig. 18(c)). The air amount control 

may electrically vary the rotational speeds of the fans, or may be conducted by 

adjusting the openings of dampers provided in the ducts. 

The control is periodically repeated such as (a)--> (b) --> (c) --> (b) --> 

10 (a), thereby vertically moving the evolutional flows (collision jet streams) formed 

on the input/output polarizing plates and the light transmission plane of the liquid 

crystal panel to vary the position at which the maximum cooling effect is 

provided (i.e., the position at which the air streams collide) to expand a region in 

which the cooling action is high, and mitigate local variations in heat transfer 

15 coefficient within the light transmission plane over time, so that the temperature 

gradient is restrained within the panel surface to improve the quality of projected 

images. 

While the foregoing description has given the first exemplary 

embodiment as an example, it is obvious that similar effects are also provided 

20 by conducting such air amount control in other exemplary embodiments. 

In an eighth exemplary embodiment of an apparatus for cooling a heat 

generating spot of an electronic device of the present invention, a first air stream 

from first air cooling means and a second air stream from a second air cooling 

means have different air velocity vectors from each other. The first air cooling 

25 means and second air cooling means may be set such that the first air stream 

and second air stream collide with each other at the positions of heat generating 
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spots on opposing surfaces of a plurality of components. The first air cooling 

means may be disposed at the lower end of the opposing planes of the plurality 

of components, while the second air cooling means may be disposed at the 

upper end of the opposing planes of the plurality of components. The first air 

5 cooling means may include a first cooling fan and a first air cooling duct, while 

the second air cooling means may include a second air cooling fan and a 

second air cooling duct. One of the first air cooling means and second air 

cooling means may include a cooling fan and an air cooling duct, while the other 

may include a cooling fan alone. The first air cooling means may include a first 

10 cooling fan and a first air cooling duct, while the second air cooling means may 

include the first cooling fan shared by the first air cooling means, and a second 

air cooling duct branched halfway from the first air cooling duct for feeding air 

into the plane from a direction different from an air feeding direction of the first 

air cooling duct. Also, the first cooling fan and second cooling fan may provide 

15 variable amounts of air. 

The effect of the present invention can also be produced in the cooling 

of heat generating spots in a plurality of components of an electronic device 

which have surfaces opposite to each other, at least any of which includes the 

heat generating spot. 

20 Also, since the position at which fan air streams collide can be 

25 

arbitrarily set by arbitrarily controlling the ratio of air amounts from a pair of air 

cooling means, the position at which the collision jet streams are produced can 

be periodically varied on the basis of the center of the panel to mitigate thermal 

gradient on the panel surface, thus advantageously improving the image quality. 

In a ninth exemplary embodiment of the apparatus for cooling a heat 

generating spot of an electronic device according to the present invention, the 
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electronic device may be a liquid crystal image display, and components may 

include an incident-side polarizing plate, a liquid crystal panel, and an exit-side 

polarizing plate which form part of the liquid crystal unit. 

In a tenth exemplary embodiment of the present invention, a method of 

5 cooling a heat generating spot of an electronic device may be a heat generating 

spot cooling method for the aforementioned apparatus for cooling a heat 

generating spot of an electronic device. The tenth embodiment may include 

feeding a first air stream by first air cooling means for components of the 

electronic device in a first direction in gaps between opposing surfaces of the 

10 components. Additionally, a second air stream is fed by second air cooling 

means in a second direction different from the first direction in gaps between the 

opposing surfaces of the components to cause the first air stream and second 

air stream to collide with each other near the central positions of heat generating 

spots on the opposing surfaces of the component. Thus, evolutional flows are 

15 generated which go perpendicularly to one or both of the opposing surfaces of 

the components. 

In a method of cooling a heat generating spot of an electronic device 

according to an eleventh exemplary embodiment of the present invention, first 

air cooling means is disposed at a lower end of components of an electronic 

20 device, and second air cooling means is disposed at an upper end of the 

components of the electronic device. A first air stream by the first air cooling 

means may be fed from below to above in spaces between a plurality of 

components, while a second air stream by the second air cooling means may be 

fed cooling below in the spaces between the plurality of components, to cause 

25 the first air stream and second air stream to collide with each other near the 

central positions of heat generating spots on opposing surfaces of the 
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components. Thus, evolutional flows are generated which go perpendicularly to 

one or both of the opposing surfaces of the components. By varying, over time, 

the ratio of air amounts of the first cooling fan which forms part of the first air 

cooling means to a second cooling fan which forms part of the second air 

5 cooling means, the position at which the first air stream and second air stream 

collide may be periodically moved from the central positions of the heat 

generating spots on the opposing surfaces of the components. The electronic 

device may be a liquid crystal image display, and the components may include 

an incident-side polarizing plate, a liquid crystal panel, and an exit-side 

10 polarizing plate which include a liquid crystal unit. 

In a twelfth exemplary embodiment of the present invention, a liquid 

crystal projector apparatus includes any of the aforementioned apparatus for 

cooling a heat generating spot of an electronic device. 

In the apparatus for cooling a heat generating spot of an electronic 

15 device according to the present invention, when the electronic device is, for 

example, a liquid crystal image display of a liquid crystal projector apparatus, a 

pair of independent air cooling means, each, including a cooling fan and an air 

cooling duct, are provided above and below a liquid crystal unit. Thus, air 

streams are fed across the liquid crystal unit therebetween from above and 

20 below in opposite directions to pass the air streams through spaces between the 

incident-side polarizing plate and liquid crystal panel or between the liquid 

crystal panel and exit-side polarizing plate. The two air streams to collide near 

the center of a light transmission plane near the central position of a heat 

generating spot to improve the cooling efficiency. 

25 For cooling a heat generating flat plate such as a polarizing plate and a 

liquid crystal panel by forced air cooling, collision jets cooling may be given as 
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one of the methods which provides the highest cooling efficiency. Fig. 19 is a 

schematic diagram for describing the collision jet cooling. As illustrated in Fig. 

19, the collision jet cooling is a method which involves jetting coolant (air, liquid) 

20 perpendicularly to heat generating flat plate 18 through nozzle 19 to cause 

5 an impinging jet flow to collide with heat generating plate 18, thereby radiating 

heat from a heat generating plane. 

Generally, in the forced air cooling for a heat generating flat plate, two 

approaches, i.e., a thinning method and a replacement method are 

contemplated for improving the heat transfer coefficient to promote the heat 

10 transfer. 

The former is a method which promotes the heat transfer by reducing 

the thickness (thinning) of a thermal boundary layer formed on the surface of a 

heat generating body, in which case since the thickness of the thermal boundary 

layer is reciprocally proportional to the square root of a the velocity in a main 

15 stream direction (flow rate along the flat plate), the aforementioned manner of 

increasing the air velocity to reduce the temperature of the heat generating body 

is comparable to this. 

The latter intends to promote the heat transfer by encouraging the 

exchange of a fluid near the surface of a solid with a fluid slightly spaced apart 

20 therefrom, and is achieved by controlling a turbulent flow which is associated 

with generation/disappearance of a unsteady vortex. 

The collision jet cooling for cooling a heat generating flat plate by 

causing a jet stream to collide with the heat generating flat plate from a direction 

perpendicular thereto falls under the latter. The collision jet cooling 

25 demonstrates cooling capabilities higher by a factor of five to ten than a 
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conventional method of feeding air along a heat generating flat plate through a 

process of: 

1) breakage (peeling) of the thermal boundary layer on the surface of 

the heat generating body due to the collision jet stream; 

2) exchange of fluids (temperature replacement) due to the evolution al 

flow produced on the collision plane; and 

3) sliding of the jet stream on the wall due to the Coanda effect (the 

nature of a fluid by which an object placed in a flow causes a reduction in 

pressure between a fluid and a wall surface of a solid to attract the flow to the 

10 wall surface, thereby changing the direction of the flow along the object). 

Incidentally, when such collision jet cooling is applied, for example, to 

cooling of a liquid crystal image display in a liquid crystal projector apparatus, a 

nozzle position thereof is a problem to be solved. Specifically, since a liquid 

crystal panel and a polarizing plate generate heat due to a light absorption effect 

15 when each color light passes, the heat generating plane substantially matches 

with the light transmission plane (panel light transmission plane 22, polarizing 

plate light transmission plane 25), as illustrated in Figs. 20A and 20B. 

Accordingly, it is necessary to generate a perpendicular air flow to the heat 

generating plane so as not to impede the transmission of each color. Figs. 20A 

20 and 208 are schematic diagrams for describing the light transmission planes of 

the liquid crystal panel and polarizing plate in a liquid crystal image display, 

where Fig. 20A is a front view which depicts a liquid crystal panel and a 

polarizing plate placed side by side, and Fig. 208 is a side view. 

Thus, in the cooling mechanism for a liquid crystal image display in the 

25 present invention, cooling air streams are fed from above and below the liquid 

crystal unit in directions opposite to each other to cause the cooling air streams 
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to collide with each other near the center of the light transmission plane in a 

space between the liquid crystal panel and polarizing plate. Thus, evolution 

flows are generated which go perpendicularly to heat generating planes of both 

the liquid crystal panel and polarizing plate to form vertical jet streams, thereby 

5 dramatically increasing the heat transfer coefficient to promote the heat transfer 

and accomplish highly efficient cooling of the liquid crystal unit. 

Further, by changing the ratio of air amounts by the fans provided 

above and below the liquid crystal unit over time, the position at which the air 

streams collide (position at which the vertical jet streams are generated) can be 

10 vertically vibrated from the center of the liquid crystal panel with respect to the 

liquid crystal panel and polarizing plate. In this way, since a region at which the 

maximum cooling effect is demonstrated (position of collision) can be 

periodically varied within the panel surface, it is possible to eliminate thermal 

gradient on the surface of the liquid crystal panel to improve the quality of 

15 projected images. 

While the invention has been particularly shown and described with 

reference to exemplary embodiments thereof, the invention is not limited to 

these exemplary embodiments. It will be understood by those of ordinary skill in 

the art that various changes in form and details may be made therein without 

20 departing from the spirit and scope of the present invention as defined by the 

claims. 

Further, it is noted that Applicant's intent is to encompass equivalents of all 

claim elements, even if amended later during prosecution. 

This application is based upon and claims the benefit of priority from 

25 Japanese patent application No. 2006-287395, filed on October 23, 2006, the 

disclosure of which is incorporated herein in its entirety by reference. 
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CLAIMS 

1. A cooling apparatus for air-cooling a heat generating spot of an 

electronic device which comprises a plurality of components which are disposed 

side by side to have the same in-plane direction, said components including 

heat generating spots within surfaces thereof, characterized by comprising: 

first air cooling means for feeding an air stream to said heat generating 

spot in an orientation of the in-plane direction; and 

second air cooling means for feeding an air stream to said heat 

generating spot in said in-plane direction in a different orientation from the air 

stream by said first air cooling means. 

2. The apparatus for cooling a heat generating spot of an electronic device 

according to claim 1, wherein: 

a first air stream by said first air cooling means and a second air 

stream by said second air cooling means have air velocity vectors different from 

5 each other; and 

5 

said first air cooling means and said second air cooling means are set 

such that said first air stream and said second air stream collide with each other 

at positions of said heat generating spots on opposing surfaces of a plurality of 

said components. 

3. The apparatus for cooling a heat generating spot of an electronic device 

according to claim 1 or 2, wherein: 

said first air cooling means is disposed at a lower end of a plane 

opposing a plurality of said components; and 

said second air cooling means is disposed at an upper end of the plane 

opposing the plurality of said components. 

32 

SEC et al. v. MRI 
SEC Exhibit 1022.3658 

IPR2023-00221



WO 2008/050660 PCT /JP2007 /070297 

4. The apparatus for cooling a heat generating spot of an electronic device 

according to any of claims 1 to 3, wherein: 

said first air cooling means comprises a first cooling fan and a first air 

cooling duct; and 

5 said second air cooling means comprises a second cooling fan and a 

second air cooling duct. 

5. The apparatus for cooling a heat generating spot of an electronic device 

according to any of claims 1 to 3, wherein: 

one of said first air cooling means and said second air cooling means 

comprises a cooling fan and an air cooling duct, and the other one of said first 

5 air cooling means and said second air cooling means comprises a cooling fan 

alone. 

6. The apparatus for cooling a heat generating spot of an electronic device 

according to claim 1 or 2, wherein: 

said first air cooling means comprises a first cooling fan, and a first air 

cooling duct; and 

5 said second air cooling means comprises said first cooling fan shared 

by said first air cooling means, and a second air cooling duct branched halfway 

from said first air cooling duct for feeding air into a plane from a direction 

different from an air feeding direction of said first air cooling duct. 

7. The apparatus for cooling a heat generating spot of an electronic device 

according to claim 4 or 5, wherein: 

said first cooling fan and said second cooling fan feed variable 

amounts of air. 

8. The apparatus for cooling a heat generating spot of an electronic device 

according to any of claims 1 to 7, wherein: 
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said electronic device comprises a liquid crystal image display, and 

said components include an incident-side polarizer, a liquid crystal panel, and 

5 an exit-side polarizing plate which comprise a liquid crystal unit. 

9. A heat generating spot cooling method for the apparatus for cooling a 

heat generating spot of an electronic device according to claim 1, said method 

characterized by comprising: 

feeding a first air stream by said first air cooling means for said 

5 components of said electronic device in a first direction in gaps between 

opposing surfaces of said components; 

10 

feeding a second air stream by said second air cooling means in a 

second direction different from the first direction in the gaps between the 

opposing surfaces of said components; and 

causing said first air stream and said second air stream to collide with 

each other near central positions of heat generating spots on opposing surfaces 

of said components, thereby generating evolutional flows which go 

perpendicularly to one or both of the opposing surfaces of said components. 

10. The method of cooling a heat generating spot of an electronic device 

according to claim 9, wherein: 

said first air cooling means is disposed at a lower end of said 

components of said electronic device, and said second air cooling means is 

5 disposed at an upper end of said components of said electronic device; 

a first air stream by said first air cooling means is fed from below to 

above in a space between a plurality of said components; 

a second air stream by said second air cooling means is fed from 

above to below in the space between the plurality of said components; and 
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10 said first air stream and said second air stream are caused to collide 

with each other near central positions of heat generating spots on opposing 

surfaces of said components, thereby generating evolutional flows which go 

perpendicularly to one or both of the opposing surfaces of said components. 

11. The method of cooling a heat generating spot of an electronic device 

according to 9 or 10, wherein: 

the position at which said first air flow collides with said second air flow 

is periodically moved from the central positions of the heat generating spots on 

5 the opposing surfaces of said components by varying, over time, the ratio of the 

amount of air fed by said first cooling fan which forms part of said first air cooling 

means to the amount of air fed by said second cooling fan which forms part of 

said second air cooling means. 

12. The method of cooling a heat generating spot of an electronic device 

according to any of claims 9 to 11, wherein: 

said electronic device comprises a liquid crystal image display, and 

said components include an incident-side polarizer, a liquid crystal panel, and 

5 an exit-side polarizing plate which comprise a liquid crystal unit. 

13. A liquid crystal projector apparatus characterized by comprising the 

apparatus for cooling a heat generating spot of an electronic device according to 

claim 8. 
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O);-f'-° 1/7°:oi~~:h --c 1i ,,f, 0 ~ ti:, [c,J=zmk 3 i:u, @ffi>JtfL~;t~ 1/7'0).~!ZilJfflli$:Ix~aJm 
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fl:: ~f-H < o it..:, ;,< t.J=-t.J 1v~.~1ZilJ~nl~*1.!□-t 0..:. u:J:::,, --c, ~-ia~t¢01i,1i't1:o'fi£ 
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~ T ~*O)<t'W t= ~ <t'ns:t !- r%ffl T o t~i'i- , <t'W fi~:h "'? <t'WJJJ * J,:-J.7~ 0) ffi: ~'£ ~IM 0) l 
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[ 0030] 
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~:iff!~ t -5 <4rWM ( 1-◊:-J.T 1 7 , _;.,..,J:z,@). J t 11¥J::J£,i;- i> «> -5 o ) (;:)JfRi1J~~x.. -C. JlJRi1JU!'l:i:m: ( 
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1;i";l0:;r lJ 7 1 .77°v- ), 2 0 a:f':l J:U"1;r; 2 0:;r lJ 7 1.77°v- ), 2 1 a0~□1:¥, ii') 6 ~-. 

!ij¾0,,.¥'.2 2 a0~iln.l.z;'.fflt:J: '?m5E~:::h.0Jl'r.lim:Itt·mM:01j¾;Jm (j¾o,') L, 1;r;20;:;t 1J 
7 1 .:::z.. 7°v- l- 2 1 a 0Ti%.f!Nt·, tir1iLJv/jtiJ,~$i~nt..::Fa"IJ.::a~~j¾o,,11;_i;[ 2 3 a ( reson 
ance jet flow)iJ11=.ff.lt~:::h.-b o C::Cl)J: :i ~JIU1JU!ll:i%. ( =j¾□,,Uli;[2 3a) ti, Jl'r.llffli%.#:c 
0f.ffi't · lJ1:'ii:z1i'i1:~c!z~ · i.lE*-t-bt-:::n, ~1i:~rJJ:;:µ~2!z~-t0 0 

( ~1i1!tlf:ML~ 2 ) 

UT, *~aJl0{#";!;fl~@'.0~1iIB1lJ:liJCl){iliiJIH:"? ~ 1-C~JtaJl-t -b o *~1i-ai7f:{liJ0{#";!;fl~@'. 'L 
, <iwoo.~;e1=.~ -it 6 7-,- ✓ t, 7-,- ✓ t= J: -y -c 1=.hW~:h.t..::<iwm~-m:rmttirtq0;e~ 
$£. t-:::!:.l:.f-0).ilI{tt:~< Y"'? 1-- c ~0-'~ < l: 'L ffT 0 o -f- L -C, J::.ic.Y·? H:, ~~y··? J-. 
rtq ~illl:i&r-t 0<4'i'WOO, ( 7 7' ✓mm) l:JIJKi/Jnt5}~ ft~ L -C JIJKi/J1i;_i%.c T 0.cf.fJ!::ot~El:H G tL 
-C ~, 0 ;: c ~1a¥:/l& c T 0 o 

[ 0037] 

*~1iIBJt;J'i'J-C-U, 7 7' ✓JZmt:JIJKi/Jff.ltJJ'--~{t~T 0w;2 Cl).cf.ffic L-C, 7 7' ✓]Zm~ El 
JIDJcfJii/J "i: -it 0 tm.#:*rcfJii/JniJ' y··? 1-- t: ~1 it t., n -c t-. 0 , 1213 , 1214 ~ ~~ L -c 1::.icim #: 
*r;Jmi/Jfft:"?~ ,-c~~Mmt:~JteJI-t 0 Q 

[ 0038] 

1213 !i, i;[#:*r;Jffii/Jn 2 4 a 0mff.lt ~ ~Y-1~trt121--C· ii') ') , ( a ) !:.1:i1tJllffiTiol2I, ( b 
) titwlffi00121--C";b 0 0 £ t..::1214 ti, i%.#:*r;Jffii/Jff 2 4 a O){tffl ~~-tm5'ta~lffi00121--C" &) 

Oo 
[ 0039] 

i%.#:*r;Jffii/Jn 2 4 a t:.1:, 7 -r ✓mm 1 5 O)Ti%.f!!.1Jt:r/rJ/t-C{X1;i";l:~Of.¥.iJ'ml1J\T 0 ~f 

? 1-- 0)/±l □~c, ~~t±:l □~,=~~El:~:n, Ttmf111H:r/rltt-c<xw;t:~ □11.iJ,f1.1:::k-t o / .::z-1v~ 
C' t±:l □~ C / ;;(;!,~ C 0)~;;~~7)\.~ :ir:i ') [!:lltJ J: :i t:Jl;ff.Jt'2:-:::h.t..::~%Cl)f? r- l: t: J:-:, -c 
tiljff.lt~:h-C~•o◊ J,.::J.TCl)~Jl.BJI-C-U, J::.~ct±:l □~~ 1 y··,:, HW~\D 2 5 a J , /_:;:(;[,,~~ 1 

U±t±l / ;;(Jv 2 7 a J , ~yf:;CI) y··,:, r ~ 1 ~*a;,··? I-- 2 6 a J l: 11'¥J.::, 
[ 0040] 

;,··7 H11:m□ 2 5a!J, y··71--31 b0)-$t·;b-:,-C, Ti%.fJ!.IJt:r/rltt-C{X1;i";l:~ □ {¥.:o'· 

~1J,-t {J J: :it:, 0-'~ < c 'L :x-tr/rl-t {J 2 "?Cl)fiq:!g_;o>"Ti%.IJ1Jt:r/rltt-C1Xf::i'H:ili:ti-t {J J: :i t: 
{l;U1L-CV100 Ui/±l/.7:"!v2 7 a!i, Ti%.{fl!Ji~r/rltt-C{X1;i";t:~□ ffhqJt::k-90J: :il~, j;· 

~< c 'LX'tr/rl-t-b 2"?0fiq.!1£.iJ'Ti%.fJ!.IJt:r/rJ/t-C{Xw;t:lliFe1"lT0J: :it:{l;U1L-C\, 10, U±t±l 
f:Z'1v 2 7 a ti, y·? 1-- 3 1 b 0-$--c· ;b-:, -C 'L , ;,··,:, J-. 3 1 b UJ1J$t1T ii')-:, -C 'L J: 1.,-. 

o ~*a y··? 1-- 2 6 a c, y··,:, HJl:m□ 2 5 a 2SH/Ui/±l / 7~A, 2 7 a c 0Fait:!i, 2 "?0ifjlj 
offtll □ 2 8 a, 2 8biJ>ffig~:fl-C~16" ~*aY? J-. 2 6 a!:.!:, ffirJ:fftP □ 2 8 a, 2 8 b ~-ft 

L -C ;,··? H/1:m□ 2 5 a&t/Ui/±l / .7.:"!v 2 7 al: ~J][ L -C ~ •0 o 

[ 0041] 

c:=cTJc f!!., 1:f€:n!-r0t%.#:ElIBJJtf.rijJJiJf~1=_-r0t-:::nt:.:!:.I:, 1213 ( b) t:.:~'9-:Y:7 Hl~m□ 
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( 8) 1a¥~2008-292743(P2008-292743A) 

2 5 aO)JJJflli~□~i a c, O±lli/ :(;1,2 7 aO)IJWf~~□~ib c 0ccf-;$;.l::l::b>b > 3 a c ~-ti 
;:_ t iJ> 5k{-t t ~ ,t, 0 

[ 0042] 
-1xt=[Kf 4 z-~~ L -C, iti\:i4'*-rt®i/Jn 2 4 a c1){tffi Uti\:i4'El!WJt®i/J0~~> /1 ::..::(A) 

(= ~ \, 1 -C ~Jl.RJIT -ti o 

( 1 ) ·:'f:J }-;/1~,m.D 2 5 c1.;l)>bi1iilli Ltc::~im: ( 7 Y >mil 1 5) LL ::rr>::fy}JJl!:l::J:,:, 
-C, O±tf:l/.7~)L,27aO){l;Jl.iftLtc::rtqmO)~JJf=ifh-Cll±iBHT-ti ([Kf4 (a)) o c::c::·c, 
:17::,.,y·yJJ:m:U:L ilit:h0$t=tt@fill;z-m'< c .. ifit:fill;ctf"mfill;0mooc0F'si0EE:1Jbr1J£TL .. 
itfill;iJ,mOOt=IJ&\, 11&-l::t b:h, -'c0tf"@fill;t=ifh-Cit:h0r/r12- b1~:b-tiifit:fill;01i1.~z- \,, '3 o 

( 2 ) C:: 0) c 2- 7 1 >mil 1 5 iJ>Jl±iBH LtdJ!tli= .. x > }- v-1 /)'( ✓ }- ( ~2' :il,l,,.) ;or~It_ 
L .. 7, >mil 1 5 0/l±iB±!~,R ( iliiJtw □ 2 8 a) t=.ilf:\,,~*e::V:7 }- 2 6 aO):;!c"f71\.0)fEjJ 
:0"1J£T-t-ti Cl:Rl4 c b > ) 0 ,1,1T0~51.aJit•1i .. l:Rl4 i=:Jf;-t~*aJ:t·:7 r- 2 s c10:;!c"f71\.z- , 
:;!c{!{IJµJ{fmA J .. i=r-'-f'.71\.Z- 1:i'=rfJ!ljµJ{fmB J c li¥J-::o 

( 3) ~*e·;f:7 r- 2 6 aO):;!c::f'=tC:::·'fE:1J~;l)1-Jt':ti""-ti t .. ~*e:7·:7 r- 2 6 aF-90~~\.U .. 1E 

EE1.1t11 c l'=rH!IJv.EU~ B > iJ, t i'tEEfJtiJ c :;!cfJtiJv:Ei~ A> "'-ith:il,u c [Kl 4 c c > > 0 

( '1) ~miJ1tiHl.lJ'1lJifmBiJ>b:;!c{JlljµJ(fmAA..ifA '°t-ti C, C:::h.t·cJ'tEEt·ifiJ,:,tc:::;!cf![ljµJ(fmA 
b>lEEE c ~- -ti o T -ti c , :1 7 > J"'yJJ!IH= J: 'J Fm 8±1 L -C \, •ts.:: 7 1 > mil 1 5 0it:hb,o± lli / 
;.Z:-;v2 7 aO)pqmiJ,t11l2-!RIJiJ,~:h-ti ( [Kf 4 ( d) ) o 

(5) -1X(=, ~*e;,··7}-26a0ti{J!IJ'1lJ{~BiJ>{J£JI(=~-:,-C\, 100't'', 77' ✓mill 5iJ' 
il&i§l~:h .. [<,Jt,< :17::,.,fy}J:m:t=J: 1J, 7, >m.®11 5iJ>O±tf:l/.7)1,2 7 aO)Bzxt{ffljO)pq 
m~fil,:,-CJl±iBHT-ti(l:Rl4 (e) ). 

c 6 ) ,1,1 Ht- 1::.~c.rJiZ<0* 1J 3JE u= J: 1J .. 7 T > m!3R 1 5 !it® 1J -=r0 J: '3 t= ti&i/J L .. 7 T 

>mmi 1 5 O)f1UfriJ'*i£~T-ti ~J 'J El!WJt®i/JiJ>fif~~ h-ti ( i:Rl4 C f ) ) o 
[ 0043] 

C:: c1) J: J ~i/J1tJJJJJ.lE(=~--::5\, ,-c, itfill;*-=f-t®i/Jn 2 '1 a z-Jffi~-t 0 7 7 ✓mil 1 5 t=!i 
.. itfill;@!WJ:Jmib:o-r~It_ L, C:: :ht=J: 'J 7 1 ::.,,}XJiU 5 t=IDKibnlt:frb-r,t 1¥,~:hZi" 
[ 0044] 

raj, ~*e:f':7 }- 2 6 aO).JB:f.k!i, ~*e;,··y }- 2 6 aF-90)~m;o-r~:rw·:7 }- 2 6 aF-90)JijJ 
~i=~~L-C:f%i1J'iiJfl't~.JB:fxt·ifiJ:htfJ: < .. ~.lBt=~l'JE~:h~\,,o fyiJ.z!:L ~*e;,··y r- 2 
6 a!i, PH1\1.k-'f0fili0.JB1.kt•ifii,:,-Ct> J:\,•o 
[004~] 
t c::. 0 t·, 1:R1 5 t=:Jf;-t J: '3 t=, 1:R13 ~ c· t=:Jf;i""Jl;*e y· :7 r- 2 6 a O){i;b 'J c=, EE~*-r 

2 9 z- ffl\, ,-c:;!cl'=r0iliiJ:/lIIJ □ 0AfEz-iliiJ:/lIIJ-t oitfill;*r;JJNi/J* 2 4 b iJ,~ b:h -C \, •6. c:: c1) 

J: j ~iffill;*rtlii/Jcn 2 4 b ii, [Kl 3 ~ c· t=:Jf;-tif fill;*rtlii/Jcn 2 4 a J: 1J {;, :1.7.. r- ~ t= 
~ 0 C \,' J ::;:-·;;< 1J "/ }-;o{i!f) 0 ;Q' .. Jj\~ ft:o'riJl'!t""Z'ifii 0 C \,' J ;,,{ 1J '1/ }- {;, &) 0 0 

[ 0046] 
C:: c1) J: J t=ifiifill;*-y:jffii/J*z- ffi\, •-Citfill;@)jj"JJ:jffii/Jz-~1:t~-1::t -ti N,Hl!i, 7 1) '1/ 7°7 o '1/ 

7° / :.:(,1,c L-cmt:h-C:f::3 'J, :7 1J-> ,v-bc1)x. 7':/.y'7-~c'c L-c~ffl1t~n-c i,i 
0o 
( ~)Jf!,:Jf;ft~ 3 ) 

J,._:.lT .. :,js;~BJIO){'fit;(]~ii'0)~1if!,:.JBJ'l'J~O){-tg{yiH=~ \, 1-C~Jl.BJl-t ,t, 0 *~1i-i!i..JBJ'l'J.O){'fit;(]~ii' t, 
, {#.W00.!·~1:t~ -l::t 0 7 7 ✓ c .. 7 7 >-0

(:: J: ·') -C 1:th-lli~:htc:::{#tPilz-~Tmi1~P10~~ 
$ l t::: !i-c0.ilrftC::¥J < ;,·· :7 r- t z-0·~ < t l, fl-9 -ti o -c L -C .. J::.~c::t· :7 H:: .. ~1:7·· :7 r­
F-9 z-JB!J§T 0<#::W.®1 ( 7 7 ✓mil) t=IDKi/Jnl/:5:HHt 1¥-L -C JIJKi/J~itc T 0~f1iJ'>~,Q3t (, :h 
-c \, \ 0 ;:_ t z-1a¥1J'.f( t 9 ,t, 0 

[ 0047] 
*~»-i!i..JBJ'l'J.tu, 7 r >mmi=IDKi/Jmt71\.~1t1¥--t 6JB 0~ffic L-c .. 7 r >m.lil.0im: 

Ji'%J::.(=, X '1/ 1/ r- -::,.,;f~~z-~1:t~-1::t 0 Wfffi.JB:f.kf~.JB ( =jfj.JB) O)f□ '1/ 7 iJ>Jl'icii'~:h -C 
\. I 0 0 ;:_ ;:_ ""(' .. X '1/ :.,:: )-, -✓:i=~~ Ui, itfill;iJ>jj/.1, ,jgg~i=ffi~T 0 C 2- t=itfill;iJ>-f O)if:h 
t nt:x-t 0 hliiJ(:.:JWJ1JW'-J(:.:~jJrt -ti:FJl~ z- \. 1 '3 o f;!ii.. :fo •;1 :7 ii 7 7 ✓JZ.@:lcTJitli'tJ::.f:.:jllic 
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ili¢h '[\,i:fl!fJ:: <' -YP }--O)p;J;V~!:l:Foi;b~\,io 
[ 0048] 

( <)) f;(f!ffl2008-292743(P2008-292743A) 

~ 6, ~1 ~$ffil l z I. '1/ v t--✓:EJI.~ ~:frJm ltc::7, ✓mm0IDR1J.Jf1::t::-::i1i ,z:51.aJI-t 
◊ o ~ 6 t::7G 9 J: ') t::, 1'¥1TUIT%1:kf~:Jf:;O) 7··0 '1/ :7 3 0 a ~ '.>". :7 t- 3 1 c 000 □ q:r,C,,fil!J::J:: 
, I·1V (]Jt~) ~;,··;,t--31 ci!lUt::rnJ(tZWciliT-bo :ttc::, f?r-31 c0!ffl□00t7· 
o,y:J 3 o a0JJL~t~REllitLtc::'f.rllitFt:ti¢1l.·.f>◊ -t-bt, -:'f:7 r- 31 c01ffl □Imti>0Jlltte 

¢hf;, 7 T ✓m!fil 1 5tl:, 7"0 '1/ :7 3 0 aO)JJL~t=ffi~T◊ 0 

[ 0049] 
{xt::, ~ 1 ~$ffil l z, I. •1 v r--✓:EJl.~o:iJB:!t.> n =-.:.z:Lt::-::i1i ,ztJI.IIA-t 6 ◊ 

c 1 ) -Y-:7 r- 3 1 c 0!ffl□ffiiJ'0, Ji;im. t l z !11tte ¢:htc::7, ✓mm 1 5 i±, 7··0 •1 :1 3 
0 a O)]Ji,~(;:ffi~T 6 ( ~ 7 ( a) ) o 

( 2 ) 7, ✓mm 1 5 iJ,7··0 '1/ P 3 0 a 0Tll~t::ffi~T 6 t, ~\liL ( J±:1J~IJJ) iJ'Jfi:!±:. l 
, -'thn'RHllitL~J::.ilil:f_!!_U"'liJil'Cli•< (~7 ( b) ) o 

( 3) J::.ic~tL0{:r:.itii, 7·0 '1/? 3 0 at :f? t- 3 1 c t0Ft:t"l0llitFt:tiltc::~Ft:t"lr9t::tJl.,i 
'C , r.'u p_Jj-l'f]'d'-'t/lli~IJ.J ~ JlvJjlQ/ it1$& 2- -1±-6 ( ~ 7 ( c ) ) ◊ 

( '1) ..:0J:: -3 t:: l Z, fo ·1 :7 3 oat;,-·;, t- 3 1 t0Fo"10ffi~iJJ::tmF0"1t::;t:;1.,,z, JWl.!tJJ 
s1J~rJ\liLn''Jr;nx: ¢ h 6 tc:: 00, ;,-·::, 1, 3 1 c n' 0 teM ¢ h 6 7 J ✓ mm 1 5 ( ~im: ) i±, Y 

:7 t- 3 1 c O)lffl□ ffi~iiri t l, fo '1/ :7 3 0 a ~Fait::m1v ---c-, -3 h < 6 J:: -3 (::JB;Jffi-t 6 ( 
~7(d))o 

[ 0050] 
..: o:i J:: -3 ~ I. '1/ v t- - ✓;EJl.~t= J:: 0 Ji;im.0JB;Jffit:: J:: 0 , 7, ✓mm 1 5 t::IDKIJ.Jmt7J"h'1t 

--!:J--2:>ho o ..:0t8r&'i-0Ji;tm0;Jffi1JJ::=t- H:l:, li;f%.0J:filflt ( v1 / Jv;(:fj:) -'<fi!ellitU::{Aif 
-t 6 ..: t ;,j,Jo t? h 1:" 1., 1 6 o 

( ~J'j{!i:JfJli~~ 4 ) 

!:JT, :,js;JBIIA0~-r-Mn0~1im:JBJ'l]0-{JIH::-::i 1i ,ztJI.IIA--t 0 0 *~1i-m:JBJ'l]t::;t:; it 6 ~-r­
M:~i±, itlilfl:t7°0 ;,) x.? :9---c·;Jb--:i 'C, J::.llc~1im%11:.t;.1~30)\, if'h;f)>(;:{;¥:-1'., <wtn~fli~ fim 
:!.. 1:" 1., • -D..: t ~fa¥tl&t T-D o 

[ 0051] 
J::! ~S'.Jt::i±, iilia1r.:z..=- '1/ t- 0T::1Jt:: 7 T ✓ t ;,-· -:7 t- t 7J'i!'icilf 2' h, itliJl.:z..=- '1/ H::, JIIR 

IJJ)vt--5:J'-;f)>{t-9-2:>htdwWm ( 7 T ✓mm) iJ'i*Ml-2' h-b O ~§Th!::.L JWl:!J;)Js-g~J:filllt~IJJ 
tJ±:1J~~t ;,jH:J--;!__ (,htc::7 T ✓mmiJ,:;-iwmt l Zii%f'a.::r..=- '1/ )~ t::{*#:€t2-h6 ◊ ..:0is 
~' itlia8al=- '1/ H::;t:; tt 6 ~{i;,~i)>{i~ 2' h' {W;/;fJ~}J*i)'c~-fl: 2- h 6 0 :t tc:: ' i-&a8aF, -t, Iv 
O)*ffit::{t~ ltc::-~i)>J}J!l'lmt::~-$:2:' ho O 

[~1im{Jln 
[ 0052] 
{xt=, ~1im{JIJ~-¥itfz*JEaAt::-::i1i 1z 2- 0 t::tf l < tJ1.1IA-t-1S O ..: ..: -cu, ~nm:M!'i'J 1 t:: 

H~0<tW~1a~1im:!..tc::iatc117o v x;, -5' 0-{JIH::-::i1i iZ!JI.IIJl-t 0 0 ~ s LL ::zfc;{JIJ0iatc117 
0 1/ X :7 -5' 0<WW~fli 3 2 a N.:u: --c-0:ili{'%'0)ffl)vt ~ 7GTm:rts'.Jl'¥fiffi~---C-ir> ◊ 0 

[ 0053] 
::zfc;{JljO)i,l:ta8a 7°01/ i ~ -5' O)~::zf,;tffinlt!:l:, ~i!:tl:fif.rO).fl'..,i---c-iat::tJtlIA ltc:-Jtl9:SIJ'd'-~itta8e 7° 0 

1/ x -:7 Y t IEJ----C·ir>-6 o T~;bi';,, R/ G /B O)~x;c::· t (;:ffi;i'.2-htc:=i-&a'11.::r..=- '1/ r- 2 ~ 
fim:!.., ~itlilfl:t.::r..=. '1/ t- 2 !:l:, A!1Jti!lHix:11x 1 1, itlilfl:tJ,;t,,1., 1 2 &Ute!1Jt/_!!_Hix:11x 1 3 iJ, 
i::, mmt ~ :fl 'C 1.,, 6 o 

[ 0054] 
::zfc;{JIJO)i-&a8a7'o 1/ x ~ Yh•{/m.Z-6<#W~~ 3 2 a!±, <#W7 T /' 3 t, ~<#:Y:7 r- 4 t 

, jt □,!; / 7~)~- 1 <) b t iJ>(,.JBJvt2:> h, flta8al=- '1/ }-- 2 0T::1J(;:i£flic'h l ~ 1 6 o jt □,!; / 7~­

JJ; 1 9 b !:l:' ~ 1 (::~---j'I., \ l Ja(;:~JI.IIA l tc:: J:: 'J (::' J::.i1it{!!IJO)J$ 1 0) ;at 1J 7 1 A 7° v- }-- 2 
0 b t, Tim{!!IJO)J$ 2 O);aj- lJ 7 1 7-.. 7°v- t- 2 1 b t, -'t0Fl't!(:::Jf:;ffltc'htc::~□,i;le: ( ~?luJ 
~:fl) 2 2 b t ~i'fT -1:i o <WtP7, >- 3 &t/~□,i;/ .:.Z:)J; 1 9 b !:l:, ~<%:YP t- 4 O)pq;'m:: 
i!'icilic-:trn,-6◊ ~tc::, ~□,!;/Y:'!vl g b!:l:, ;,im:,,, ✓ 3J: IJ t>Tim./_!!_IJ(:.::i!'icilic-:trni 
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( 1 0 ) 1a¥~2008-292743(P2008-292743A) 

0 0 J: I) _!3_~a%:!:L {#W7 J ✓ 3 -j-;{7 J ✓mm 1 5 ~m I] t±:l-t □±t±:1 □ 0:ili{tt:::Jtll!IV _:;( 
Jv 1 9 b iJ1~£@'. ~ :trn , 0 0 

[0055] 

:;,;:(:, ::$:171J0i&a~ 7°0 V' x :7 >7 l:iH-J o i&d3ai=- •:, r- 2 0<#:WIJJ{t(:"J 1, .-·nJI.BJlt o o 

i#W7 1 ✓ 3 t:J:::,:, "C ,':t]:1-1±:l ~ht.:: 7 1 ✓mm 1 5 !:L s~)#:>1··:7 r- 4 ftq(:~£@'.~:ht..::ttlll 
./ _::i:.:,v 1 9 L 0, .w;10.:t 1J 7 1 .7.. 7°v- t-- 2 o 1-ia: JM:iM! L "C, =!till~ 2 2 L t:i1iLA -t 0 0 

7 J ✓mmR 1 5 iJ1::Jtn,~~ 2 2 b i:t.m.J.. -t 0 t , 7 J ✓mm 1 5 0JJR3:£ t ::Jtn,1e.;~ 2 2 b 0'2:. 
ilol~fl'L i:;J:IF.w;10.:t 1) 71.7..7°v- r- 2 Obc~20.:t 1J 71.7..7°v- r- 2 1 bv'l~□ 

1:¥t:r,t:tt.::1a¥5:E0JWJtmJ-Jrz·::Jt;JJi (=!till) L, Tim:f!tiH:i!lic@'.~:ht..:.w;20.:t 1J 71.7..7°v­

r- 2 1 biJ'0, fl"tc1iLnl<:ii'-iJ{m$i2' :ht..:=!tU.lll;:i.m. c L "C !Ut±:l 2':h.'6 o 1711 x. !:L 7 1 ✓ m3£ 2 
0 m/ s , ~ilol~.fl ( ::jtD,l~) 8 c m 3 v')t~i';-, mm!iil¥14 k Hzv')*~JWJim:Jt ( ::JtU,lJWlim: 
it ) z• .ifilOC~IJJ ~ §%j;:_ ~ -It 0 o 

[ 0056] 

J-.:J,J:.v')J::: j t: L "C:ttlll~ 2 2 b rtqz·:tt;JJiiJ>!:t tot, .w;2 v')_:i-1) 7 1 .7.. 7v- r- 2 1 b 
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\0 (57) Abstract: Embodiments relate generally to various thermal control features for electronic displays. One feature comprises a 
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~ gas and the display surface. A second chamber is in gaseous communication with the first chamber and is adapted to heat or cool 
O the isolated gas and reintroduce the isolated gas into the first chamber. Another feature uses constricted convection to facilitate the 
0 cooling of the backlight assembly for the electronic display. Another feature uses an air curtain to further heat or cool the exterior 
M viewing surface of the display. Another feature uses a linear polarizer with an insulating gap to reduce the solar loading of the display 
O stack and provide insulation from the ambient air temperature. Another feature uses a fluid system to contact fluid coolant with the 
:;_... display surface in order to cool the display. Each of the features may be used alone, or in combination to provide the proper operating 
;;,-,-- temperature for the display depending on its desired operating environment. 
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System and Method for Thermally Controlling an Electronic Display 

Technical Field 

[0001] Exemplary embodiments generally relate to heating/cooling systems for 

electronic displays. 

Background of the Art 

[0002] Electronic displays are typically used in indoor, temperature-controlled 

environments. Although the temperature surrounding the display might be relatively 

stable (near room temperature), the components of the display may generate a large 

amount of heat. If not properly removed, this heat could damage the display or shorten 

its lifetime. Conductive and convective heat transfer systems have traditionally been 

used to remove heat from the electronic components in a display through as many 

sidewalls of the display as possible. While such heat transfer systems have enjoyed a 

measure of success in the past, today's electronic displays require even greater cooling 

(and in some case heating) capabilities. 

[0003] Modern electronic displays are now being used in outdoor environments as 

well as other situations where the surrounding temperature may extend above and 

below room temperature. In addition to heat transfer from the surrounding air, radiative 

heat transfer from the sun through a display surface may also become a major factor. 

In some applications and locations, 200 Watts or more of power through such a display 

surface is common. Furthermore, the market is demanding larger and brighter, 

sometimes high definition displays. With increased electronic display size more heat 

will be absorbed from the sun and more heat will be transmitted into the displays. To 

compete with the ambient light from the sun as well as reflections off surrounding 

surfaces, displays must produce more light, which also typically results in more heat 

generated by the display and/or its backlight assembly. 
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[0004] Further, in some applications the temperature may drop well below room 

temperature. Some components of an electronic display may malfunction or may be 

permanently destroyed by exposure to such low temperatures. For example, the 

performance of the liquid crystal material in a liquid crystal display (LCD) may be 

effected by low temperatures. 

Summary of the Exemplary Embodiments 

[0005] Exemplary embodiments may contain one or more of the thermal control 

features disclosed herein. A plurality of thermal control features are disclosed and 

these features may be utilized alone or in any combination. The precise combination of 

features would depend upon the particular cooling/heating needs of the display at 

issue, which would depend upon the type of display, size of the display, and its 

particular environment. The embodiments may be practiced with any form of electronic 

display, including but not limited to: LCD, light emitting diode (LED), organic light 

emitting diode (OLEO), field emitting display (FED), cathode ray tube (CRT), plasma, 

and projection displays. An exemplary embodiment would be practiced with LCD 

displays. 

[0006] One thermal feature relates to an isolated gas cooling system. The gas 

cooling system is preferably a closed loop which includes a first gas chamber 

comprising a transparent anterior plate and a second gas chamber comprising a cooling 

plenum. The first gas chamber is anterior to and coextensive with the viewable face of 

the electronic display. The transparent anterior plate may be set forward of the 

electronic display surface, defining the depth of the first gas chamber. A cooling 

chamber fan, or equivalent means, may be located within the cooling plenum and may 

be used to propel gas around the isolated gas cooling chamber loop. As the gas 

traverses the first gas chamber it contacts the electronic display surface, absorbing heat 

from the display surface. Because the gas and the relevant surfaces of the first gas 

chamber are transparent, the image quality remains excellent. After the gas has 

traversed the transparent first gas chamber, the gas may be directed into the rear 

cooling plenum where it is cooled. 
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[0007] Another thermal feature may utilize the isolated gas system as a heating 

device, either instead of or in addition to its cooling abilities. An isolated gas heating 

system would also be a closed loop system with a first gas chamber anterior to the 

display surface and a second chamber comprising a heating plenum or cooling/heating 

plenum. Heating elements may be placed within the plenum in order to heat the gas 

within the second chamber. As the gas is forced into the first chamber it may transfer 

its heat to the display surface. The gas may then return to the plenum for another 

heating cycle. The plenum may function as a cooling plenum only, heating plenum 

only, or a combination heating/cooling plenum; all depending upon the particular display 

and its particular operating environment. 

[0008] Some embodiments may place electronic components used to operate the 

electronic display within the plenum of the isolated gas chamber. The electronic 

components may include, but are not limited to: transformers, circuit boards, 

processors, resistors, capacitors, batteries, motors, power supplies, illumination 

devices, wiring and wiring harnesses, and switches. If the plenum is being utilized as a 

cooling plenum, the cool gas within the plenum can further aid in the cooling of the 

electronic components, which will naturally generate heat during operation. Further, if 

the plenum is being utilized as a source of heat for the display, the natural heat from the 

electronic components can also heat the gas in the plenum, reducing the amount of 

energy which needs to be applied to the heating elements. 

[0009] A linear polarizer may be used in some embodiments to further reduce the 

solar loading on the electronic display. This polarizer can be used in combination with 

the isolated gas chamber, or may simply be placed anterior to the electronic display 

with an insulating gap between the polarizer and the display. The insulating gap 

reduces the amount of heat that is transferred between the polarizer and the display. 

[0010] Some electronic displays, such as LCDs for example, require a backlight 

assembly to produce an image upon the display surface. The backlight assemblies are 

typically a large source of heat for the display. Thus, some embodiments may utilize a 

constricted convection system to cool the backlight unit for the display. The constricted 

convection system may comprise a constricted convection plate which is placed in 

close proximity to the backlight assembly in order to define a gap. Gas is forced 
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through the gap in order to facilitate more efficient cooling of the backlight assembly. In 

some embodiments a wall of the plenum may constitute the constricted convection 

plate. 

[0011] Some embodiments may also utilize an air curtain device which forces air 

(either warm or cold) over the exterior surface of the display assembly. 

[0012] Finally, some embodiments may use a fluid assembly which contacts a fluid 

against the display surface in order to cool it. The fluid may be a substantially clear 

form of coolant fluid which is pumped through an anterior cavity which includes the 

display surface. 

Brief Description of the Drawings 

[0013] A better understanding of the exemplary embodiments will be obtained from a 

reading of the following detailed description and the accompanying drawings wherein 

identical reference characters refer to identical parts and in which: 

[0014] FIGURE 1 is a perspective view of an exemplary embodiment in conjunction 

with an exemplary electronic display. 

[0015] FIGURE 2 is an exploded perspective view of an exemplary embodiment 

showing components of the isolated gas cooling system. 

[0016] FIGURE 3 is top plan view of an exemplary embodiment of the cooling 

chamber. 

[0017] FIGURE 4 is a front perspective view of an embodiment of the isolated cooling 

chamber, particularly the transparent anterior surface of first gas chamber. 

[0018] FIGURE 5 is a rear perspective view of an embodiment of the isolated cooling 

chamber, showing optional electrical components placed in the plenum. 

[0019] FIGURE 6 is a rear perspective view of an embodiment of the isolated cooling 

chamber showing surface features that may be included on the plenum 

[0020] FIGURE 7 is a top plan view of an exemplary embodiment of the cooling 

chamber showing surface features that may be included on the plenum. 

[0021] FIGURE 8 is a front perspective view of an embodiment of the isolated cooling 

chamber with included thermoelectric modules. 
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[0022] FIGURE 9 is a top plan view of an exemplary embodiment of the cooling 

chamber with included thermoelectric modules. 

[0023] FIGURE 10 is an exploded perspective view of an exemplary embodiment 

showing components of the isolated gas cooling system. 

[0024] FIGURE 11 is a top plan view of an exemplary embodiment of the heating 

chamber. 

[0025] FIGURE 12 is a rear perspective view of an embodiment of the heating 

chamber, showing optional electrical components and heating elements. 

[0026] FIGURES 13 and 14 are cross-sectional views of exemplary embodiments for 

utilizing a linear polarizer with the isolated gas system or an insulating gap. 

[0027] FIGURES 15A and 158 are side views of exemplary embodiments of the 

constricted convection cooling system with a constricted convection plate. 

[0028] FIGURE 16 is a top plan view of an exemplary embodiment where the cooling 

plenum is utilized as the constricted convection plate. 

[0029] FIGURES 17A-17C are cross-sectional views of embodiments where the 

cooling plenum is utilized as the constricted convection plate. 

[0030] FIGURE 18 is a front plan view of a display utilizing an air curtain device. 

[0031] FIGURE 19 is a cross-sectional view of a display utilizing an air curtain device. 

[0032] FIGURE 20 is an illustration showing the components for a liquid cooled 

display. 

Detailed Description 

[0033] It is to be understood that the spirit and scope of the disclosed embodiments 

includes thermally controlling displays including, but not limited to LCDs. For simple 

explanation purposes, embodiments may be described with respect to the components 

for LCD displays. By way of example and not by way of limitation, embodiments may 

be used in conjunction with displays selected from among LCD, light emitting diode 

(LED), organic light emitting diode (OLEO), field emitting display (FED), cathode ray 

tube (CRT), plasma, and projection displays. Furthermore, embodiments may be used 
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with displays of other types including those not yet discovered. In particular, it is 

contemplated that embodiments may be well suited for use with full color, flat panel 

OLEO displays. Further, it is particularly contemplated that embodiments may be used 

with relatively large, high definition LCD displays. While the embodiments described 

herein are well suited for outdoor environments, they may also be appropriate for indoor 

applications (e.g., factory environments, coolers/freezers, etc.) where thermal stability 

of the display may be at risk. 

Isolated Gas Cooling System 

[0034] As shown in FIGURE 1, when the display 10 is exposed to outdoor elements, 

the temperatures inside the display 1 O may vary greatly without some kind of cooling 

device. As such, the display 10 may not function properly or may have a greatly 

reduced life span. Direct sunlight is especially problematic in causing increases in the 

internal temperature of the display 10. 

[0035] In Figure 1, the display area of the electronic display shown includes a narrow 

gas chamber that is anterior to and coextensive with the electronic display surface. The 

display shown is also equipped with an optional air curtain device 114. The air curtain 

device 114 is discussed in detail below. Optionally, the display may have a reflection 

shield 119, to mitigate reflection of the sunlight on the display surface. Additionally, in 

outdoor environments, housing 70 is preferably a color which reflects sunlight. 

[0036] As shown in FIGURE 2, an exemplary embodiment of the electronic display 10 

includes an isolated gas cooling chamber 20 contained within a display housing 70. A 

transparent first gas chamber is defined by spacers 100 and transparent front plate 90. 

A second transparent front plate 130 may be laminated to front plate 90 to help prevent 

breakage of front plate 90 and protect the interior of the display. Cooling chamber 20 

surrounds a display stack 80 and associated backlight assembly 140. 

[0037] The display 10 may include means for cooling gas contained within the second 

gas chamber. This means may include one or more fans 60 which may be positioned 

at the base of the display housing 70. The fans 60 may ingest cool air and force the 

cooler ingested air over at least one external surface of a posterior cooling plenum 45. 

If desired, an air conditioner (not shown) may also be utilized to cool the air which 
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contacts the external surface of plenum 45. Alternatively, the fans 60 may simply 

ingest ambient air. 

[0038] Referring to FIGURE 3, embodiments of the isolated gas cooling chamber 20 

may comprise a closed loop which includes a first gas chamber 30 and a second gas 

chamber 40. The first gas chamber includes a transparent plate 90. The second gas 

chamber comprises a cooling plenum 45. The term "isolated gas" refers to the fact that 

the gas within the isolated gas cooling chamber 20 is essentially isolated from external 

air in the housing of the display. Because the first gas chamber 30 is positioned in front 

of the electronic display surface 85, the gas should be substantially free of dust or other 

contaminates that might negatively affect the display image. An optional filter (not 

shown) may be utilized to assist in preventing contaminates and dust from entering the 

first gas chamber 30. 

[0039] The isolated gas may be almost any transparent gas, for example, normal air, 

nitrogen, helium, or any other transparent gas. The gas is preferably colorless so as 

not to affect the image quality. Furthermore, the isolated gas cooling chamber 20 need 

not necessarily be hermetically sealed from the external air. It is sufficient that the gas 

in the chamber is isolated to the extent that dust and contaminates may not 

substantially enter the first gas chamber. 

[0040] In the closed loop configuration shown in Fig. 3, the first gas chamber 30 is in 

gaseous communication with the second gas chamber 40. A cooling chamber fan 50 

may be provided within the cooling plenum 45 and utilized to propel gas around the 

isolated gas cooling chamber 20. The first gas chamber 30 includes at least one front 

glass 90 mounted in front of an electronic display surface 85. 

[0041] Referring to FIGURE 4, the front plate 90 may be set forward from the 

electronic display surface 85 by spacing members 100. The spacing members 1 00 

define the depth of the narrow channel passing in front of the electronic display surface 

85. The spacing members 100 may be independent or alternatively may be integral 

with some other component of the device (e.g., integral with the front plate 90). The 

electronic display surface 85, the spacing members 100, and the transparent front plate 

90 define a first gas chamber 30. The chamber 30 is in gaseous communication with 

plenum 45 through entrance opening 110 and exit opening 120. 
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[0042] As shown in Fig. 3, a posterior surface of the first gas chamber 30 preferably 

comprises the electronic display surface 85 of the display stack 80. As the isolated gas 

in the first gas chamber 30 traverses the display it contacts the electronic display 

surface 85. Contacting the cooling gas directly to the electronic display surface 85 

enhances the convective heat transfer away from the electronic display surface 85. In 

exemplary embodiments the electronic display surface 85 comprises the posterior 

surface of the first gas chamber 30. Accordingly, the term "electronic display surface" 

refers to the front surface of a typical electronic display (in the absence of the 

embodiments disclosed herein). 

[0043] In an exemplary embodiment, the electronic display surface 85, front plate 90, 

and optional second front plate 130 may be comprised of a glass substrate. However, 

neither display surface 85, nor transparent front plate 90, nor optional second 

transparent front plate 130 need necessarily be glass. Thus, the term "glass" may be 

used herein interchangeably with the term plate, but a glass material is by no means 

required. Further, electronic display surface 85 does not have to comprise the posterior 

surface wall of the front gas compartment 30. An additional plate may be used. 

However, by utilizing the electronic display surface 85 as the posterior surface wall of 

the gas compartment 30, there may be fewer surfaces to impact the visible light 

traveling through the display. Furthermore, the device will be lighter and cheaper to 

manufacturer. 

[0044] Although the embodiment shown utilizes the electronic display surface 85, 

certain modifications and/or coatings (e.g., anti-reflective coatings) may be added to the 

electronic display surface 85, or to other components of the system in order to 

accommodate the coolant gas or to improve the optical performance of the device. 

In the embodiment shown, the electronic display surface 85 may be the front glass 

plate of a liquid crystal display (LCD) stack. However, almost any display surface may 

be suitable for embodiments of the present cooling system. Although not required, it is 

preferable to allow the cooling gas in the first gas chamber 30 to contact the electronic 

display surface 85 directly. In this way, the convective transfer of heat from the display 

components to the circulating gas will be maximized. 
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[0045] Referring to Fig. 4, the front plate 90 of the first gas chamber 30 is transparent 

and is positioned anterior to the electronic display surface 85. The arrows shown 

represent the movement of the isolated gas through the first gas chamber 30. As 

shown, the isolated gas traverses the first gas chamber 30 in a horizontal direction. 

Although cooling system 20 may be designed to move the gas in either a horizontal or a 

vertical direction, it is preferable to propel the gas in a horizontal direction. In this way, 

if dust or contaminates do enter the first gas chamber 30, they will tend to fall to the 

bottom of chamber 30 outside of the viewable area of the display. The system may 

move air left to right, or alternatively, right to left. After the gas traverses the first gas 

chamber 30 it exits through exit opening 120. Exit opening 120 defines the entrance 

junction into the rear cooling plenum 45. 

[0046] FIGURE 5 shows a schematic of the rear cooling plenum (illustrated as 

transparent for explanation). One or more fans 50 within the plenum may provide the 

force necessary to move the isolated gas through the isolated gas cooling chamber. 

Whereas the first gas chamber 30 was designed to collect heat from the surface 85 of 

the display, the second gas chamber 40 is designed to extract the heat from the gas 

and remove the heat from the cooling chamber 20. The second chamber 40 may have 

various contours and features to accommodate the internal structures within a given 

electronic display application. 

[0047] If desired, various electronic components 200 can be placed anywhere 

throughout the second gas chamber 40. The electronic components 200 may include, 

but are not limited to: transformers, circuit boards, processors, resistors, capacitors, 

batteries, motors, power supplies, illumination devices, wiring and wiring harnesses, 

and switches. These components can be mounted directly on the walls of the chamber 

or supported on rods or posts 209. Thus, the cooling plenum can be designed to not 

only extract heat from the first gas chamber 30 but also to cool these various electronic 

components 200. (Additionally, as discussed below, if the isolated gas system is used 

to heat the display, the electronic components can assist in heating the isolated gas.) 

[0048] Referring now to FIGURES 6 and 7, various surface features 150 may be 

added to improve heat dissipation from the plenum 45. These surface features 150 

provide more surface area to radiate heat away from the gas within the second gas 
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chamber 40. These features 150 may be positioned at numerous locations on the 

surface of the plenum 45. 

[0049] Referring now to FIGURES 8 and 9, one or more thermoelectric modules 160 

may be positioned on at least one surface of the plenum 45 to further cool the gas 

contained in the second gas chamber 40. The thermoelectric modules 160 may be 

used independently or in conjunction with surface features 150. Alternatively, 

thermoelectric modules 160 may be used to heat the gas in the plenum if the isolated 

gas system is utilized to heat a display in a cold environment. 

[0050] FIGURE 10 shows an exemplary method for removing heat in the gas 

contained in the rear plenum 45. Fan 60 may be positioned to ingest air and blow that 

air across the anterior and posterior surfaces of the plenum 45. Again, fan 60 may 

ingest air conditioned air into the display housing 70 or may simply ingest ambient 

surrounding air. Furthermore, in this configuration, fan 60 may also force air past the 

heat generating components of the electronic display (e.g., the display stack 80 and the 

backlight assembly 140) to further improve the ability to cool the entire display. It 

should be noted that this embodiment can be combined with the constricted convection 

cooling method discussed in detail below. The heated exhaust air may exit through one 

or more apertures 179 located on the display housing 70. 

Isolated Gas Heating System 

[0051] As mentioned above, the isolated gas system can be utilized to also heat the 

electronic display. Referring to FIGURES 11 and 12, heating elements 220 may be 

located within the second gas chamber 40 and operate to warm the gas as it passes 

through the second gas chamber 40. These heating elements can be any one of the 

many commonly available heating elements or thermoelectric modules. Many times, 

these elements are simply a material which contains a high electrical resistance, and 

thus generates heat when current flows through it. The heating elements can be, but 

are not limited to, any one of the following: nichrome wire or ribbon, screen printed 

metal/ceramic tracks deposited on ceramic insulated metal (generally steel) plates, 

CalRod (typically a fine coil of nichrome wire in a ceramic binder, sealed inside a tough 

metal shell), heat lamp, and Positive Thermal Coefficient (PTC) of resistance ceramic. 
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[0052] As discussed above, the plenum 45 may contain electrical components 200 

which power and control the electronic display. The electrical components may be any 

one of the following: transformers, microprocessors, printed circuit boards, power 

supplies, resistors, capacitors, motors, wiring harnesses, and connectors. The 

electrical connections for the electrical components 200 may pass through a wall of the 

plenum 45. The electrical components 200 can be located anywhere within the plenum 

45. The electrical components 200 may be mounted on the posterior or anterior 

surface of the plenum and may be mounted directly on the surface of the plenum or 

may be suspended by mounting posts so that gas may pass all around the component. 

[0053] While the display is operational, the isolated gas cooling system may run 

continuously. However, if desired, a temperature sensor (not shown) and a switch (not 

shown) may be incorporated within the electronic display. Thus, a thermostat may be 

used to detect when temperatures have reached a predetermined threshold value and 

the isolated gas system may be selectively engaged when the temperature in the 

display reaches a predetermined value. Predetermined temperature thresholds may be 

selected and the system may be configured to heat, cool, or both heat and cool the 

display to advantageously keep the display within an acceptable temperature range. 

Linear Polarizer with Optional Insulator Gap 

[0054] FIGURE 13 is a cross-sectional view of another exemplary embodiment for 

another thermal control feature. In the arrangement shown, the front plate 90 and a 

second front plate 130 may be comprised of glass and may be laminated together. The 

first and second front panels 130 and 90 may be fixed to one another with a layer of 

index matched optical adhesive 201 to form a front glass unit 206. The display stack 80 

may comprise a liquid crystal assembly 212 interposed between a front polarizer 216 

and a rear polarizer 214. In other embodiments, the display stack 80 may be any other 

type of assembly for any other type of electronic display. The space between the 

display stack 80 and the front glass unit 206 defines an insulator gap 300. The 

insulator gap 300 serves to thermally separate the front glass unit 206 from the LCD 

stack 80. This thermal separation localizes the heat on the front glass unit rather than 

allowing solar loading of the LCD stack. If used in combination with the isolated gas 

system, the insulator gap 300 may comprise the first gas chamber 30. In other 
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embodiments, the insulator gap 300 may be used without the isolated gas system 

simply as a layer of insulation from both the ambient air as well as solar loading. 

[0055] The second front panel may have a first surface 202 and a second surface 

208. The first surface 202 may be exposed to the elements; while the second surface 

208 may be fixed to the first front plate 90 by the index matched optical adhesive 201. 

The first front plate 90 may have a third surface 209 and a fourth surface 204. The 

third surface 209 may be fixed to the second front plate 130 by the index matched 

optical adhesive 201 ; while the fourth surface may be directly adjacent to the insulator 

gap 300. In some embodiments, to decrease the solar loading of the display stack 80 

and improve the viewable image quality, an anti-reflective coating may be applied to the 

first surface 202 and the fourth surface 204. In other embodiments, the anti-reflective 

coating may only be applied to at least one of the first, second, third, or fourth surface 

202, 208, 209, and 204, respectively. 

[0056] FIGURE 14 is a cross-sectional view of another exemplary embodiment of the 

front glass unit 206. In the arrangement shown, the front glass unit 206 comprises a 

second front plate 130, a layer of index matched optical adhesive 201, a linear polarizer 

400, and a first front plate 90. The linear polarizer 400 may be bonded to at least one 

of the first, second, third or fourth surfaces 202, 208, 209, and 204, respectively. Again, 

anti-reflective layers may be applied to at least one of the first, second, third or fourth 

surfaces 202, 208, 209, and 204, respectively. The linear polarizer 400 may be aligned 

with the front polarizer 209 found in the LCD stack 85. The inclusion of a linear 

polarizer 400 in the front glass unit 206, further decreases the solar load on the display 

stack 80. The reduction in solar loading may significantly reduce the internal 

temperature of the electronic display. The linear polarizer 300 may also cause a 

reduction in specular reflection of the front glass unit 206 and the display stack 80. As 

discussed above, if used in combination with the isolated gas system, the insulator gap 

300 may comprise the first gas chamber 30. In other embodiments, the insulator gap 

300 may be used without the isolated gas system simply as a layer of insulation from 

both the ambient air as well as solar loading. Again, it should be noted that the display 

stack 80 may be an LCD stack, but it can also be any other type of electronic display. 
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[0057] It should also be noted that the second front plate 130 is not required. 

Embodiments may utilize only the first front plate 90 with a linear polarizer attached to 

either the posterior or anterior surface of the front plate 90. An anti-reflective layer may 

also be attached to either the anterior or posterior surface of the front plate 90. The 

front plate 90 may be tempered for additional strength if using only the front plate 90 

without the second front plate 130. 

Constricted Convection 

[0058] Some types of electronic displays require a backlight assembly in order to 

generate an image upon a viewable screen. LCDs are one type of display that requires 

a backlight assembly. Other types of displays, such as plasma displays and OLEDs, do 

not require a backlight assembly as they generate light themselves. However, these 

types of displays still generate a significant amount of heat. Thus, in the foregoing 

description, the constricted convection system will be described with regard to a 

backlight assembly, but it should be noted that the embodiments can be practiced with 

other types of displays. Therefore, when a backlight or backlight assemblies are 

discussed, these assemblies could also be the rear surfaces of other heat-generating 

displays and the constricted convection system would facilitate more efficient cooling of 

these alternate displays. It should also be noted that Figures 15A-15B and Figures 

17 A-17C are not necessarily drawn to scale. The relationship between the elements 

may be exaggerated for explanatory purposes. 

[0059] FIGURE 15A shows a cross-sectional view of the backlight 140 with the 

constricted convection plate 300, the space between the two features defines a narrow 

gap 305. The dimensions of the gap may vary depending on several factors including 

the size of the display, its operating conditions, the type of backlight assembly and its 

posterior surface material, and the number and power applied to the various constricted 

convection fans. Some exemplary embodiments may utilize a gap distance of 

approximately 0.25-3.5 inches. Other embodiments may utilize a slightly larger gap. It 

has been found that forcing air through this gap 305 increases the ability to cool the 

backlight 140. One or more constricted convection fans 310 may be used to pull air 

through the gap 305. FIGURE 15B shows a cross-sectional view of another 
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embodiment for the constricted convection system where one or more constricted 

convection fans 31 O push air through the gap 305. 

[0060] FIGURE 16 shows a top view of the isolated gas system as discussed above. 

The cross-section line 17-17 is shown passing through the isolated gas system. 

[0061] FIGURES 17A-17C show cross-sectional views of the 17-17 section that is 

shown in Figure 16. Referring first to Figure 17 A, towards the front of the display is the 

first gas chamber 30 which abuts against the electronic display 80. Anterior to the first 

gas chamber 30 is the front plate 90. Towards the rear of the display, the backlight 140 

is placed in close proximity to the second gas chamber 40. In this arrangement, the 

outer wall of the second gas chamber 40 may function as the constricted convection 

plate. This embodiment does not utilize a constrictive convection fan, but instead uses 

the fan 60 which ingest air from outside the display housing and forces it over the 

surfaces of the second gas chamber 40. As noted above, this air may simply be 

ambient air or alternatively this air may come from a conditioning unit (not shown). To 

facilitate the flow of air between the backlight 140 and the cooling chamber 40, a 

guiding device 320 may be used. 

[0062] Referring now to Figure 17B, the cooling chamber 40 contains a guiding 

feature 41 , which is used in combination with the guiding device 320 to facilitate the 

flow of air between the backlight and the cooling chamber. Figure 17C shows another 

embodiment, where both the external fan 60 and the constrictive convection fan 310 is 

used. This embodiment could also utilize a version of the guiding devices shown in 

Figures 17 A and 17B. 

[0063] The backlight 140 may comprise a printed circuit board (PCB) with a plurality 

of lights mounted to the side facing the electronic display 80. The lights in the backlight 

may be any one of the following: LED's, organic light emitting diodes (OLEO), field 

emitting display (FED), light emitting polymer (LEP), or organic electro-luminescence 

(OEL) lights. In an exemplary embodiment, the backlight 140 would ideally have a low 

level of thermal resistance between the side facing the electronic display 80 and the 

side facing the second gas chamber. To accomplish this low level of thermal 

resistance, the backlight 140 may be built using metal printed circuit board (PCB) 

technology to further transfer heat away from the lights. The rear surface of the 
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backlight 140 may also be metallic, or some other thermally conductive material, to 

further enhance the convective heat transferring properties. The surface may even 

have a plurality of surface features such as fins to further enhance the convective heat 

transferring properties. The constrictive convective fan 31 O may then send the warm air 

out of an exhaust 179 (shown in Figure 2) so that it may exit the display housing 

entirely. 

[0064] While the display is operational, the external fan 60 and the constrictive 

convection fan 310 may run continuously. However, if desired, a temperature sensor 

(not shown) and a switch (not shown) may be incorporated within the electronic display. 

This effective thermostat may be used to detect when temperatures have reached a 

predetermined threshold value. In such a case, the various fans may be selectively 

engaged when the temperature in the display reaches a predetermined value. 

Predetermined thresholds may be selected and the system may be configured with a 

thermostat (not shown) to advantageously keep the display within an acceptable 

temperature range. This would save on both energy costs as well as the useful lifetime 

of the devices. 

Air Curtain 

[0065] In addition to the various thermal control features discussed above, an air 

curtain device can also be used. The air curtain device may be used alone, or in 

combination with any of the other thermal control features discussed above. 

[0066] FIGURE 18 shows an electronic display 10, having a housing 70 and a front 

plate 90. The air baffles 114 for the air curtain can be seen as a broken line in the 

figure. Cross-section line 19-19 can also be seen in this figure. 

[0067] FIGURE 19 shows the cross-sectional view from the line 19-19 shown in 

Figure 18. This figure shows the circulation of air through the housing 70 when fans 60 

are actuated. As discussed above, fans 60 ingest air into the housing 70 through 

entrance 51. This air may be ambient air or alternatively may be air conditioned air. 

The flow of ingested air is shown as arrow 111 . Once inside the display housing 70, the 

air may flow upwards along flow arrow 121 . This air may be utilized with any of the 

above mentioned thermal control features. For example, this air may be used to cool 
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the isolated gas within the second chamber (plenum) or may be used with the 

constricted convection system described above. 

[0068] For explanatory purposes, the details of the internal components of the display 

have been omitted from this figure and only a cavity 61 is shown. It should be noted, 

that the air curtain can be practiced with any type of electronic display and with any 

combination of the thermal control features described above. Various internal features 

(not shown) may be placed within the cavity 61 to direct the air towards the baffles 114. 

The ingested air may continue through the cavity 61 along arrow 121 until it reaches the 

baffles 114 which may direct the air against the exterior display surface. This exterior 

surface may be the first front plate 90, or alternatively, any of the additional front plates 

which are described in detail above (ex. second front plate 130). 

[0069] Thus, the air curtain can be used as an exhaust for the cooling of internal 

components of the display. Alternatively, the cool air from the air curtain can be used to 

further cool the exterior front surface of the display which may be subjected to 

significant solar loading or heat transfer from ambient hot air. 

Fluid Cooling System 

[0070] FIGURE 20 is an explanatory schematic illustrating another thermal control 

feature. As may be appreciated from the drawing, the cooling system 22 includes 

various components in fluid communication. Preferably, this may be accomplished by 

connecting the components with a series of tubes or pipes (illustrated conceptually as 

dotted lines). The cooling system 22 components include a reservoir tank 37, a pump 

47, and a cooling chamber 4 in fluid communication. Preferably, the system also 

includes a filter 83 and a radiator 72, also in fluid communication. Optionally, the 

system may also include a fan unit 94. However, the optional fan unit is preferably not 

in fluid communication with the other components. 

[0071] Reservoir tank 37 holds the primary volume of coolant fluid and provides 

surface area to conduct heat away from the fluid while it is contained in the tank 37. 

The tank has at least two openings, an exit port 13 and a return port 14. Optionally, the 

reservoir tank includes a ventilation port 66. Pump 47 causes the coolant fluid to move 

through the system 22. As may be appreciated by those skilled in the art, pump 47 

may be located at a number of locations along the coolant fluid pathway with suitable 
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results. However, in order to minimize curvature of plates 44 and 128, it is preferable to 

position pump 47 after the cooling chamber 4 so that the pump actually pulls liquid 

coolant from the bottom to the top of cooling chamber 4. If the pump is so positioned, 

engaging the pump creates an area of low pressure at the top of the cooling chamber 4. 

In this way fluid flows through the cooing chamber 4 according to the arrows. Due to 

the "slipperiness" of some coolant fluids, pump 47 is preferably a positive displacement 

pump. 

[0072] In order to regulate the flow of coolant fluid through the cooling chamber, a 

bypass line with a valve 634 may be provided. The bypass line provides a bypass route 

for coolant fluid to bypass the cooling chamber 4. The valve 634 is adapted to facilitate 

control over the amount of coolant fluid diverted through the bypass line. The bypass 

line and valve 634 allow a predetermined portion of coolant fluid to be diverted away 

from the flow directed to the cooling chamber 4 and thereby facilitate control over the 

flow rate through the cooling chamber itself. In this way, the flow rate through the 

cooling chamber may be regulated. 

[0073] As one skilled in the art will appreciate, other methods and devices may also 

be used to regulate the flow through the cooling chamber. For example, the size and 

pump speed of pump 47 may be optimized for a given application. Alternatively, a 

variable speed pump may also be used. Preferably, the variable speed pump may be 

in electrical communication with at least one pressure transducer (not shown). 

Preferably, a pressure transducer may be placed upstream of the cooling chamber 4 

and another pressure transducer may be placed downstream of the cooling chamber 4. 

The pressure information provided by the at least one pressure transducer may be 

utilized to set the operating speed of the variable speed pump. In that way, the flow 

rate through the cooling chamber 4 may be adjusted to maintain appropriate pressures 

in the device. Maintaining appropriate pressures in the cooling chamber 4 is important 

for preventing deformation or breakage of the display glass. 

[0074] An optional filter 83 may be added to remove contamination in the fluid. 

Preferably, a radiator 72 and fan unit 94 may also be included to provide even greater 

thermal stability. Optionally, a spigot (not shown) may be provided to facilitate the 

process of filling and emptying the coolant fluid from the system. 
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[0075] In operation, fluid exits the reservoir tank 37 from an output port 13 which may 

be located beneath the tank 37. On its way to the cooling chamber 4, the fluid passes 

through optional filter 83. From the filter 83, the fluid next enters the cooling chamber 4 

through inlet 98 of manifold 59. The fluid coolant travels up through the fluid 

compartment of the cooling chamber 4 in the direction indicated (dash arrows). The 

coolant fluid exits cooling chamber 4 through outlet 99 of the upper manifold 60. 

Preferably, the fluid is then received by an optional radiator 72. While traveling through 

the optional radiator 72, an optional fan unit 94 may force air past the radiator 72 to 

assist in transferring heat away from the coolant fluid. Pump 47, which may be 

positioned after the radiator 72, can pull the fluid toward the reservoir tank. The fluid is 

received into the reservoir tank 37 through return port 14. Preferably, return port 14 

may be disposed at a location that is relatively distant from exit port 13 so as to allow 

the returning fluid the maximum opportunity to cool before it exits the reservoir tank 37 

through port 13. 

[0076] If desired, fan units may be located at the base of the housing 75 just behind 

the cooling chamber 4 of display 15. Fan units may provide a laminar flow of air 

through the interior of the housing 75. Preferably, the airflow will be directed across at 

least one external surface of reservoir tank 37. As described above, the air exhaust 

flow may ultimately be redirected onto the cooling chamber surface 44 by way of an 

optional air curtain system 114. 

[0077] If desired, a temperature sensor (not shown) and a switch (not shown) may be 

incorporated within the electronic display. The temperature sensor may be used to 

detect when temperatures have reached a predetermined threshold value. In such a 

case, the pump can be selectively engaged when the temperature in the display meets 

a predetermined value. Predetermined thresholds may be selected and the system 

may be configured with a thermostat (not shown) to advantageously keep the display at 

a relatively constant temperature, or at least within a range of acceptable temperatures. 

Alternatively, to avoid the need for a thermostat, the pump 47 may run continuously 

when the electronic display is operational. 
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CLAIMS 

1 . A thermal control system for an electronic display having a display surface and a 

backlight assembly, the system comprising: 

a first gas chamber positioned anterior to the electronic display surface, said first 

gas chamber having an entrance, exit, and exterior surface; 

a second gas chamber in gaseous communication with the entrance and exit of 

said first gas chamber and positioned posterior to the electronic display 

surface, said second gas chamber having interior and exterior surfaces; 

one or more chamber fans within said second gas chamber to propel gas around 

the first and second gas chambers; and 

means for cooling the isolated gas which is contained within the second gas 

chamber. 

2. The system of claim 1, wherein the means for cooling the isolated gas comprises: 

one or more exterior fans adapted to force air over the exterior surfaces of the 

second gas chamber. 

3. The system of claim 1, further comprising: 

one or more of the electronic components for operating the electronic display, 

contained within said second gas chamber. 

4. The system of claim 2, further comprising: 

one or more surface features on the exterior surfaces of the second gas 

chamber. 
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5. The system of claim 1, further comprising: 

a means for heating the gas which is contained within the second gas chamber. 

6. The system of claim 5, wherein: 

the means for heating the gas which is contained within the second gas chamber 

comprises one or more heating elements within the second gas chamber. 

7. The system of claim 1, wherein: 

an exterior surface of the second gas chamber is placed in close proximity to the 

backlight assembly, the space between the backlight assembly and the 

exterior chamber surface defining a gap, the system further comprising: 

one or more constricted convection fans adapted to draw air through said gap. 

8. The system of one of claims 1-4, and 7, further comprising: 

an air curtain device adapted to force air across the exterior surface of said first 

gas chamber. 

9. The system of one of claims 1-4 and 7-8 further comprising: 

a linear polarizer placed anterior to said first gas chamber. 

10. The system of one of claims 2-9, further comprising: 

a temperature sensing device adapted to measure the temperature of the display 

surface; 
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a switch in communication with said temperature sensing device and said 

chamber and exterior fans; and 

wherein the fans are switched on when the temperature of the display surface 

reaches a threshold value. 

11. The system of one of claims 1-10 further comprising: 

a filter within the second gas chamber. 

12. The system of one of claims 2-4 and 7-11 wherein: 

said one or more exterior fans are forcing air over the exterior surfaces of the 

second gas chamber which has been air conditioned. 

13. A thermally controlled electronic display comprising: 

a display stack; 

a backlight assembly positioned posterior to said display stack and having a 

posterior surface; 

a constricted convection plate in close proximity to the posterior surface of said 

backlight assembly, the space between the convection plate and the 

posterior surface of the backlight assembly defining a gap; 

one or more constricted convection fans adapted to draw air through said gap; 

a first plate of anti-reflective glass positioned anterior to said display stack, the 

space between said anti-reflective glass and said display stack defining 

an insulating gap; 

a linear polarizer positioned anterior to said first plate; and 
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a second plate of anti-reflective glass positioned anterior to said linear polarizer. 

14. The display of claim 13 further comprising: 

an air curtain device adapted to force air upon the second plate of anti­

reflective glass. 

15. The display of one of claims 13 and 14 wherein said backlight assembly comprises: 

a printed circuit board (PCB) with an anterior and posterior surface; 

a plurality of LEDs attached to the anterior surface of said PCB; and 

a metallic coating applied to the posterior surface of said PCB. 

16. The display of one of claims 13-15 the display further comprising: 

a first gas chamber comprising said insulating gap and having an entrance and 

exit, 

a second gas chamber in gaseous communication with the entrance and exit of 

said first gas chamber and positioned posterior to the electronic display 

surface, said second gas chamber having interior and exterior surfaces; 

one or more chamber fans within said second gas chamber to propel gas around 

the first and second gas chambers; and 

means for cooling the gas contained within the second gas chamber. 
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17. A method for thermally controlling an electronic display having a display surface 

and a backlight assembly, comprising the steps of: 

providing an isolated gas system comprising a first gas chamber which is in 

contact with the electronic display surface and a second gas chamber in gaseous 

communication with said first gas chamber; 

forcing isolated gas into the first gas chamber; 

transferring heat from the electronic display surface to the isolated gas; 

directing the isolated gas into the second gas chamber; 

cooling the isolated gas in the second gas chamber if cooling is desired; and 

reintroducing the isolated gas into the first gas chamber. 

18. The method of claim 17, wherein the cooling step comprises the steps of: 

transferring heat from the isolated gas to the walls of the second chamber; 

forcing air over the walls of the second chamber; and 

transferring heat from the walls of the second chamber to the air. 

19. The method of claim 17, further comprising the step of: 

heating the isolated gas within the second chamber if heating is desired. 

20. The method of claims 17-19, further comprising the steps of: 

providing a constrictive convection plate posterior to the backlight assembly, the 

area between the constrictive convection plate and the backlight assembly 

defining a gap; 

forcing air through said gap in order to cool the backlight assembly. 
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(57) Abstract: A video screen enclosure is disclosed for housing a flat 
panel video display unit ("FPD"), comprising a housing and a front panel 
member joined to the housing with an airtight seal. An environmental con­
trol wut ("ECU") within housing includes means to internally circulate air 
within said enclosure to maintain a temperature within a range suitable for 
operation of said display, and a control system to maintain the interior 
temperature within said enclosure within a selected range suitable for op­
eration of said FPD. The enclosure may form a sealed unit with interior air 
being recirculated through said ECU, or ambient air may be circulated 
through the enclosure. 
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TITLE OF THE INVENTION 

VIDEO DISPLAY SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates to video display systems for use in 

public spaces, and in particular to an enclosure for holding a flat panel video 

display, environmental control systems for controlling the interior environment 

of such enclosures, and display structures incorporating such enclosures. 

BACKGROUND OF THE INVENTION 

[0002] Advertising and marketing displays often consist of non-static 

images, such as video images and other digital displays. For example, large­

scale digital displays are widely used in major urban centers, as well as in 

stadiums, arenas, exterior walls of buildings and other applications. There exists 

an increasing need for smaller scale displays that are capable of displaying a 

static or dynamic video image so as to better attract the attention of onlookers. 

Displays of this nature may be used for advertising, public service information, 

and the like. As used in this patent specification, the terms "video display" or 

"flat panel display" encompasses any type of image display, whether for 

commercial advertising or other purposes. Preferably, such a display is a digital 

static or dynamic video display, but other video display types are known. 

[0003] There is a need to provide video display systems that are suitable 

for use as a street or floor-level display for use in a harsh environment, such as 

outdoor use in locations where the units may be exposed to direct sun, and 

other situations of extreme heat or cold. Flat panel display screens, such as LCD 

panels, provide a high degree of resolution and are well-suited for displaying 

advertising and other images on a smaller scale, for example street-level 

displays. As well, advances in LCD and other flat panel screen technologies have 

permitted very bright display capabilities, making this technology in principal 

suitable for outdoor use in direct or near-direct sunlight. However, apart from 

certain closely monitored environments such as airports and retail stores, 
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exposed video units can be exposed to vandalism and theft. As well, outdoor 

use of an exposed screen is usually difficult as a result of exposure to moisture 

and extreme temperature conditions. One solution is to enclose a video screen 

within a housing or enclosure. An enclosure may also find uses in indoor 

settings, where for security or other reasons it is desired to encase the video 

display unit within a robust enclosure. 

[0004] Conventional LCD monitors are suitable for operation in a 

temperature range of approximately 5°C to 40°C. At temperatures above this 

range, the screen may not function and may be temporarily or permanently 

damaged, while below this range the display may also not function properly. 

This presents a drawback for outdoor usage of LCD displays (and other flat panel 

digital monitors) that are enclosed within a housing, since temperatures can 

exceed this range. The interior of such an enclosure can experience a greatly 

elevated temperature, resulting from the combination of internally-generated 

heat from the video monitor, as well as absorbing of heat from the sun. There is 

therefore a need to provide a system which includes a secure enclosure for a flat 

panel digital display unit, but which is capable of maintaining a suitable 

temperature range for a video unit. Thermal management of the system should 

be provided in a manner which is efficient, reasonably quiet and reliable within a 

range of conditions. 

SUMMARY OF THE INVENTION 

[0005] There is a need for a free-standing display system such as a kiosk, 

which may be placed in a variety of locations such as public plazas, sidewalks 

and the like. Such a system offers a high degree of flexibility for marketers and 

is desirable for modern marketing techniques. 

[0006] It is an object of this invention to provide an enclosure for a digital 

display unit, such as a video display, that is suitable for a street-level or indoor 

display and which may be incorporated in a variety of display systems such as 

free-standing kiosks and other displays. For this purpose, it is an object to 

provide an enclosure that provides a degree of thermal regulation and control to 

permit the device to operate in harsh outdoor environments. 
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