
[ ~~fH11r*O)fmlffi] 
rn11r*r.l'!u 

( 2) ~~;]2010-24624(P2010-24624A) 

J:Jffi b1ll)(~Hffi't" ib ◊ ii~ , ll)(~-'f r&: /:: , ..:: 0)0)(~-'f r&: 0) TOO /::i$1fHiii- l , -f 0)-:n O)* ffi 
/:: Wifcll)(~-'fr&: /:: O)fait::~"9tfM1ilffi1rt ◊ ":J"::5 01/r 'J 1xO)iJffH%t-/8£-t ◊1Jttll-1H8£$tt /:: 
HiiLz.fc:: il'f§ 1 , -l; H:: :B ~ , 't , 

Wifcll)(~-'ft&:O)J1'fllffit L'f'.:ixt::1Jr 'J 1t!Hf, Ji:/::.: 0)1Jr 'J 1tlf(f$/::*r&:tii1i1iii-lt-:..:: 
/:: H~:mt-t◊ii!f~1,.:t,1v" 
[fl1r*JJ'!2] 

Wifc*1'1z0)1$1i1fii-$-Z:Sti~ ~ ,fl!:!.ftii\Hl!IJ!i L'f'.1xi::1Jr 'J 1tlf(f1J[!I ~ :h. 't ~ i-t,..:: /:: H~:m /:: -t 
-tifl1r*JJ'! 1 {::fct!l:O)ii!/~J\;r,;vo 
[fl1r*JJ'!3] 

WifcilffH%-/8£$ttU:WJfc~"91{:zl;;b1ilffA T ◊ ffi 1 0) / _:;{;vJmtt /:: , Wifc~"91{:zl;;b1ilff t±:l-t ◊ ffi 
20)/ _:;{;vJmtt/::, ..:::nt;,O)Fsit::i'icf~~:h.'El-/81xlffiffitfl°T◊tHHIJO)jg[¥lillmtt/::, :ffl 
~m ◊ JOC¥lil$t!O)ftii\\$b'>1fm ~ :h. 6 tl]l O) u 'f'.illmtt /:: b> t;, ~ 'J , WifclOC¥llmtt, Wifcffi 
1, ffi 2 0)/ .:Z';v$t11SH/U'f'.il$tt /:: O)jfJs$t::*IEEl$HHr, 3~&*1EEl$!iu'IT'li~:h. 
◊ /:: tH::, WI~c1l-lOC¥lil$tt!i-fO)m~:n[PJO)·J J'l$b\l~:1f[Pj0)~-!H::t,t-:--, --CWifcll)( 
~-'¥-r&:/::i$1f1iii-~:h.6..:: /:: H~:/i[[/:: -t ◊ ~11r*JJ'! 1 )Gi 2 i::fct!/;O)ii!/~J'\;t,Jv ◊ 

[~11r*J_l'!4] 
fl1r*JJ'! 1J1J~30) ~ ,f:h.b>/::fct!/;O)ii!/~ii!f ~J '\;t,Jv H!H-ti::il'h --cirnxlti'ic@'. l, :g.;z 0) 

ii!f~1,;r,1v!i-ftiiiib'0t'ft";,_lff1ffli~/::-t -ti/:: /:: U::, ~"91{:zl;;O){:#Jf(ii":B J:z.F:J~lt±:l'ii"t:: 7 v 
3i'-S,,7'';v'ii"t m~ 1--C.'!HiJi::tfml, Wifc*r&:{::!i, Jf:X~H~ttt-: ..::_ /:: H~:m /:: T-tiil!f~}\ 
.:t,,v ◊ 

[ :JESJl0)~$tlB~~JtSJl) 
[ tt/,t.j ?J"Jf ] 
[ 0001] 
*:JESJlt:J:, ff~t-t!!*{::f{~~ ~ :h.t-:!f!f!i?f.:O))i'fj[ffi/::~~@'.~ :h.-ti ii!/~J ,;r,M::lffl-t -ti, 

[ 'W:lltlivti) 
[ 0002] 
ff~t-t!!*{::f{~~ ~ :h.t-:~J!!ll%*1{::;B ~ ,--c ti' .ylj]I[ t*~i::JI:fi-t ◊ t-:li'){::' 11!/t'.ikO))i'f][ffi 

{::ii!/~J'\;t,JvH~@'. l' ii!/~J'\;t,Jv _l/::Jtff Lt-:~ ( M's~~:h.t-:lSHl~~lt-:~) tii!f~ 
1'\;t,JvO)~ffitilffi/J-t"-ti~"91{:zl;; ( f71Jx_!ft-t!!T JJ<~ t·O)i£7J<) t•ti~t-t -ti..::/:: b11'fb:h. 't ~ 1 

◊" 
[ 0003] 

..:: O)flO)ii!/~~@'./:: l --C, f71Jx_tf~~~'FXiriA U::!i, _lffib'll)(~ffi-c•i!ti ◊fW:~ 1-'¥-r&:/::, ..:: 
O)-'f,1'1zO)Tffil::1fit lt-:, t:U'H1JO)$il'tf.1.:'t·'it~ ,[11]$, :B J:U..:: 0)[11]$1l-.yiJ /:: ~ 'J [<,]±t":J 
~<""$il'iJ.1.:t·tt~ i[ll]$, b>t:.~◊J!m lt-:[11]$tfl°i'"-tiil11r&:/::, ..:.O)il111'1zO)Jfmlt-:$; 
l.1.:'t"it~ ,[ll]Jmt Wifc-'¥-r&:t t·-J8mt~:h.6 $;J.1.:-c•it~ •ilffll%0)jjlijftii\i{::~~,tt-:i'ic1Nim □ 1::, n' 
t;,~ ◊ ii!f~)tlll)(~*'=:B~ ,--c, Wifc-'¥-r&: Ul11r&:/:: O))i'f]lffit Jf:X 'J lffiu*rir&:t::M;-N;$H~ 
!t--C, Wifcil111'1zO)Tffi /:: fz~~ffi /:: O)faii::rai~!l!H~tt, ~&Failt'l!{::[PJ/t--CWJfci'ic'ii"tim □ t 
Im□ lt-:ii!f~)tlll)(~*h'fct!l:~:h. l ~ i-t, 0 £. t-:' il111'1zO))i'f)[ffit Jf:X 'J lffiu*rir&:!ifi'i-/8t 
-/8£~ -it'tii!f~mll)(~*O)'li.l!tt::kea < ~-it◊..:: 1:: n'fct!l:~:n 't ~ 16 0 

[ 0004] 
£. t-:, ~~~'FXiriA 2 /::ti, ~~~'FXiriA 1 t::fct!/;O)ii!/~ )tlll)(~nt 7}<-'f{::x,f l --C 1Ji'ic H~!t--C 

~~@'.-t ◊..:: /:: b'>fct!l:~:h. --C ~, ◊ o £. t-:, ~~~'FXiriA 3 /::ti, ~~~'FXiriA U:::B It 6il111'1zt, 
'El-/84-klffiffitfl°-t -ti 10C¥lillmtt /::, U'f'.illmtt /:: ttiii-l --cmmt-t -ti..::/:: b'>fct!l:~:h.--C ~, 
◊ o -fl 't, ..:.:nt;,O)ii!/~~@'.tmmt-t 6-'¥-r&:/::il11r&:/::!Hlt:.ii1itiii-~:h. 't:~ 1 ◊ o 

[ 0005] 
[ ~~~'f XiriAl ) 1~~-'¥- 6 - 7 6 6 8 1 -%~¥& 
[ 1~~'f XiriA2) 1~1m-'¥- 1 1 - 1 5 2 7 o 1 -%~¥& 
[ 1~~'f XiriA3) 1~;] 2 0 0 7 - 8 5 0 5 7 -%~¥& 
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[ JEBJjO);jjf;] 
[ JEBJl h'i!i/:iR l J: -3 t T -Ml!l&!] 
[ 0006] 

( 3) ~~;]2010-24624(P2010-24624A) 

lh> l~h-; t;,, ~~~'Fxmk l &U' 2 t=~clJtO) t.i 0)1'.:t;L tfifO)~(:!;L *2- ~tWti:&:h>JE 
1±:To. m:, -'ftJRO)-JmU.{1tlzc: !-IWtitii'.T ot-:irl)(:, -'ftJR0)1R~Jmh>[!!]t~o:&: 
h'1±: t>'ZC>-t"< , ii!/'§O)~f:U:[!!]$h'7J<:ifl'I 'J t ~ 'J 1R~Jm{:~U'!-JE1:t~-I± 6..:: t t ~ 6, 
JfO)t_:irl)(:, iWtitfifO)fit::&:Jf'x ') I;fi! !-£,~t l t ~,ts:. ~~~'Fxmk 3 (:~clJtO) t.i 0)/;l:, 
..::O):&:Jf'x'JI;fi!O)i!3IJ~!-l;R[.,t_:'l,O)"("i!ti6h', iWti:&:!-{J.1;;~1""6..:: t!:J:t·2- o 'l,0)0), :&: 
Jf'x 'J I:fi! !-~i!J/tT o (:!;J:~., t ~ ,~ ~,. 
[ 0007] 

its:, ,l:'i'l'IDt:IDnlt~-l±t-:-IIHit!x!-iWtft·I•NtJRO))ff]lffi{:iWti l t ~ •t U:~i1t::LZ r-h'~ 
u t ~, -3 Fo9~!-1f l t ~,ts:. ~t:, ..:: O)f'IO)ii!/'§J'\;t,;v!i,i/iU!t!xLt:ttf--H: l tmnlt-t 6 0) 
t·, zO):iJi!:h'iY01 0 0 kg(:~ 'J, ~~~'F::stmk2 (:~clJtO)J: -3 (:;< /TT/ :ZO)t_:irl)(:;J 
1¥J]Jg~~ J: -3 i:mnlt lt-:riif, ii!/'§J'li,Jv U9:@',.-.Z- ;z t O)fs9{:.cJ=.!-~7:J.~T~, t ~,..,ts: 
Fn9~t.i i!tJ.,t_:. 
[ 0008] 

2j:;;JEBJl!;l:, J::JcO)~JJH:ffi~l l~~:ht_:'l,O)l:', ~i1t::J:Z r-!-JIJ.z.o t t t.,(=1R~t!x 
O):&:!-{J.J;;~~-1±, 1R~tJRO):&:h,t;,Jt to JJ<:ifl'/ 'J ~ffl-:t'i'iO)fo9~!-/!1/:ii!f lt-:ii!/'§J'\;t,;vHl 
{*1"" o..:: t !- §l'ff.J t l t ~ •o. it-:f-1!!0) §l'ff.J!i, ;< /'TT/' ;zl!,'y(::b~ •t t.i*~(:{t*T 
6..:: t O)t·2- 6ii!f'§1,;t,;v!-tl{*'t" 6..:: t t·i!tJt. 
[ ill~ !-1!11'.iRT 6 t_:irl)O).cJ=.tl!:] 
[ 0009] 

;,t;JE8Jlt:t, J::.ffih'1R~1mt·i!tJoff~•1R~-'F-Vxt, ..:.0)1R~-'ft!RO)'"fffit:twtitti'.l, 7c 
0)-JJ O)*ffi t WI~c1R~-'¥-t!x t O)fs9(:~tit{:lls:h,flfi:i/J't" o --:J ... 5 t:.tfr 'J ~.kO)ifiiJ-1'1 !-IDnlt't" 6 ifii: 
H-l'tIDnlt$:tt t HlLzt-:ii!/'§J'li,Jv{::b~ i"(' WI~ctR~-'ffRO))ff][ffi!- L'¥m:tfi' ') B:IJ(f' ~ 

i:..:: 0)1Jr 'J B:IJ(f$f:,m;tR!-iWtitii'. lt-:..:: t N~n& t T 6ii!f'§1'\;t,Jvt·i!tJ 6, 
[ 0010] 

....1::.~cO)mn1ti:J:nt:c tR~-'ftJRO))ffllffi!- L'¥m:tn 'J B:l!(f, ~i:..::O)tJr 'J B:l!kf$t:,m;Vx 
!-iWtitii'. lt-:..:: t H~n&t l t ~ 16 O)t·, -!!1R~-'ft!RUfii:H-l'tIDnlt$:tt t O)iWtltfi'.(: 
J:., t, 1R~-'ftJR0)1R~lmh'[!!] t ~ 6 J: -3 ~tWti:&:h>JEJt't" o t.i 0)0), tfi' 'J B:l!kf$(:,m;tR 
!-iWtitii'.T 6 ..:: t (: J: ., t , 1R~-'¥-t!x 0)1R~lmh' ~ t ~ 6 J: -3 ~iWti:&:h,JE:1:t't" 6 . l 
t-:h-;.., t, ii!/'§0)~0)1R~Jm0)7J<:ifl'/ ') O)JEJt!-IJnJ!:.T 6..:: t h't·2- 6, 
[0011] 

.t ts:, ;,t;JEBJJt::b~ •t, wr~c*tJRO)iWtttti'.$1:·i:t~~ ,1-l!!!fmlflltlt±L'¥~xi=tn 'J B:l!ff1J□I 
~:ht~io..::th,~i l~, . 

..:: O)mn1ti:J:ntL ii!f'§J'Ct,,v~{:ils:O)~§l!t!-~t=r□1/rl) t:.ni t t t., i:, *t!RO):$'c!!iffit•.cJ=. 
!--1:JJl'iiJT 6~t&!-111JJ!:.'t" 6..:: t h't·2- 6. 
[ 0012] 
its:, J::.~cJEBJl t::b ~, t, WI~ctm:H-11tIDnlt$:tt!:tWI~c~tit{:lls:h,tm:J.. -ti w; 1 0) / 7.:'!v$:tt 

t, WI~c~!lt{:lls:h'ifii:tB't" 6w; 2 0)/ 7.:'!v$:tt t, ..::nt;,O)fs9(:Wc~9:~:h'ElID~.klffiffi!-1fT 
ttli:tH1JO)@JtI•$:tt t, :,m~ii ®Jti•$:ttO)!fml$h'1im~nitli:ttO)u*I•$:tt th, t:. 
~ '), WI~c®Jl$:tt, WI~c$ 1, * 2 0)/ 7:'Jv$:tt&U'U"f'.i.$:tt t 0)]1¥"ili${:*~§$!­
~9:tt, ~l~:¥~§$!;l:[m:;g~:h6 U=U:, WI~cc§.N!Jli.$:tt!izO)m.cJ=.JJfnJ0)'1/ J'1$h'ft-'F 
JJfnJO)~ft(:bt-:., tWI~c1R~-'F-Vxt:iWtitii'.~:h6..:: t hr~ti l ~ •. 

J::.~cO)mnltt:J::h!:L ifii:H%IDnlt$:tt!-1R~-'ftJR(:iWtiT 6~0)iWti:&:!-{J.l;;~t·2- o t t 
t.i (:~i1t::1 ;z r- !-;Jf!Lz. 6..:: t h>t·2- 6. 
[0013] 
its:, ~,t:J<J_ij 1 ]';~3 O)P-f:hh>(:~clJtO)ji!/'§ii!/'§J'li,JvHlH-l't{:i{::h ttli:Jt1lWc11 l 

, c§.,zO)ji!/'§J'\;t,JvU:-!fmlh,t;,19'½....l::.(fAJfi~t't"6 t t t.if:, ~tJt{:lls:O){*fflg":bJ:U'~FtB 
g"f:7 v;\-:,,7·';1,g"!-ffl~ ,t _;li51H:ttm l, WI~c*Vxt:i:t, Jf'£.cJ=.H9:tt o..:: t h,1:·2- i. 

SEC et al. v. MRI 
SEC Exhibit 1022.2502 

IPR2023-00221



( 4 ) ~~;]2010-24624(P2010-24624A) 

c.:: O)flli:Jvtt:J::nt.L ;x ✓TT✓ :ZO)t.:b':it:iw~r,i,Jvtlm~ 1__1.::t~i'tt:t3 P't iiiW~r, 
i,Jvt !~@'r<.-:z t O)Fa9!:-¥H~!Ct.:· IJ-t 6$-/&iiWKT 6 c.:: t tPf: .. 'f!. 6 ◊ 

[ Jf;BJl O),JJ:W:] 
[ 0014] 

::zls;Jl;BJl/;:iJ,J.P6iW~r,i,;H:J:tL!:.L 1R~-'ft)xO)f/fllffii L"f'.~-fc/:1,Fj' I) li!M, ~{:C.::0):/'Jr 
IJ 1l!Itf$t:*tlxi i$1.!Hii't l_,t_: c.:: t N~:m t l 't P 6 O)'t\ - H1R~-'ft!x UmJ-l'tIDJvtlmtt 
t O)i$1l1liii:J: --:i 't, 1R~-'ftJR0)1R~ffiiJ1[1I] t ~ 6 J: -3 ~i$1fffiiJ1Je1=_-t 6 ii 0)0), :/'Jr 
IJ li!M$i:*tlxi i$:tl:tfi't-t 6 c.:: ti: J: --:i 't, 1R~-'ftJR0)1R~ffiiJ18 t ~ 6 J: -3 ~i$1lffi 
iJ,JE:1:1=_-t 6, lt.:iJ'--:i 't, iF/~0)~0)1R~ffi0)7-l<re'/ IJ O)J/;1=_ i!WKT 6 c.:: t iJ,-z:·2- 6, 
[JE~t~~-t6~b':JO)a~O)'JB~] 
[ 0015] 

.1,::J.T{:, ::zjs;JEBJj{:{*6iFi~J'(i,;l,0)-~9f!j{71Jiiif;{1!'mffi{:~"5·~ ,'(~f~T 6 ◊ 

I'm 1 !;l:::zls;Jl;BJj/;:{*6iF/~J'(i,;l,O)-~ni!lf7lJO)j£ji'ij['){I, I'm 2 !;l:['){I 1 {:t3tt 6 A - A!ffiji'ij['){I 
t·;b 6 .. I'm 3 !:l:l!Ulillmtti:if-l, l'm4 !:l:U'¥'/B$"tti:if- l '( ~ • 6, I'm 5 !:l:l'm U:t3/t 6 
C - C lffiffil'mi:if- l '( ~ 16 ◊ I'm 6 !i::zls;JEBJl/:{*6iF/~J\i,JvO)~i1tI~i:if--tiF/~J\i,Jv 
O)lffiffil'm, I'm 7 W$:tlI~t:t3 tt 6 i$:/'f'igO)~-fcJ'iJ t :if--tffl:rtf!!IJffi!'mt·;b 6, i t.:!'m 8 !i::zis; 
JEBJlt:1*6iW~1q,,1,H~@' lt.:~icJ'iJt:if--tlffiffil'm't .. ib 6 .. 
[ 0016] 

I'm 1 &tf'l'm 2 t::if--t J: -3 t:, iF/~J '(;,t,Jv 1 !;l:, lll/H{n'JBO)ii:t)x!ifinlt)x~O)fl)(~-ftlx 2 t , 
ilffwtJ,ilffA -t 6 m 1 / :.z:-;i,Jm 4 1 t ilffwiJ,~~te 2-n 6 m 2 / :.z:-,1,im 4 3 t t Jt~ 6 J: -3 i: 
, ")"':). tAJr I) m:iJffH-l'tiIDJvt-t 6ilffH-l't'/BJvt$"tt 1 0 t, 1R~-'ft!x 2 tlffiu J: -3 {:~~ttt.:* 
tlx 2 0 ti)> t:,_=j:j;:fflpx; l 't ~ • 6 ◊ ilffH-l'tIDJvtlmtt 1 0 !i, iitlx!ifinltlx i lffiffilll/;.i:i'HH:}Jr I) lilf(f 
1J□I lt.:-!tR.O)]g[JJRillmtt 1 1 t:r:H-tlir]_ill!.-"Z, C.:: O)]g[Jlillmtt 1 1 0)!1fm$!"-'±i U'¥il$ 
tt 1 3 T·:ttm l 'tffi 1 / _::t;v$4 1 iJ,t:,ffi 2 / _::t;v$4 3 i t·tJffwiJ,ilffi/J-t 6ilffH-l'tiIDJvt 
l't~•6◊ it.:, iF/~J\i,JvlO)ftJlIO)--J{:W.Jfl:$17:iJ>~~ttt:ih, millf!!IJO)*tlx2 
o i:ti~~@'r<.- :z i:u'il5E-t 6 t.:b':JO)u'il5E$4 5 iJ'~~rtt:i:n 't~ 16 ◊ ~i:, iW~nt,Jv 1 ~ 
WiJ'n. tnt.: IJ ~ID lt.: IJ l ~ ~, J: -3 t:flfi~§llmtt 1 5 iJ' ( !'mq:r-z:·u 3 liiJiJr) ~~it t:i:n 't ~, 
6 .. 
[0017] 

1R~-'ftlx2!:l:, i'm2 {::if--t J: -3 {:, .fO)f/fllffi!:l:L"f'.~ic{::tJrlJ lll!lf t:ihtdJr IJ 111M$2 a 
iJ>'JBJvt2-h 't~•6, .fl 't, *tlx2 0 t:!i, -!1fmiJ>iFf~1'1,t,JvO)f!f_!!lj{:~6 J: -3 {:L"f'.~ic 
{:}Jr I) lll!tf 0:ht.::r. "I;)$ 2 3 t, {-th!1fmf_!!lji)>1R~-'ft)x 2 O);j'Jr I) lll!(f$ 2 at :m~ I) i'tt:rl:t 
6 t.: b':i O)i$1l$ 2 1 iJ!'JB nJt 2- h '( ~ , 6 " 
[ 0018] 

I'm 3 {::if--t J: -3 i:, 00:*lillmtt 1 1 U, .f O)f!Jmiilffi/J-t 6i£7J<t 1R~-'ft!x 2 t 0):/'n~ 
ffiffiJttf6t.:b':i{:, lffiffiiJ>i:;-'/B~ic (_lJlIO)~lilWb, }£JlIO)~lilWa) {:'/Bnx;2-:h, j,ijjf_!!ljO) 
~ft ( L2) {::bt.:--:i'(•JJ'1$11 ai1flt.:ft_RO)$t;ft·;b6◊ 
[ 0019] 

£. t.:, I'm 4 {::if--t J: -3 {: U '¥il$"tt 1 3 !:l:, ¥:fl1'/B$ 1 3 a t , ¥111$1 3 b iJ, t;, ~ 6 
.. I'm 6 {::if--t J: -3 {:, 4't u '¥illmtt 1 3 !:l:, ¥111$ 1 3 b {:00:¥lillmtt 1 1 0)!1fm$iJ>~ l 
32.ih6 J:-3 i:~~@'2-h 't~•6 ◊ C.:::h00)U"f'.illmtt 1 3!:l:, N!:¥lillmtt 1 1 O)j,ijjnO)!lim 
$ {:_ill!.@'2-h 't t3 IJ , u '¥illmtt 1 3 t N!:¥lillmtt 1 1 u: J: IJ , ffi~l lJ it -3 00:*lillmtt 
l"-'±iJ>JtJM l 't, Jl! -O)iJffHMtIDnx; 2-h 6 ( I'm 1 ~ira) , 
[ 0020] 

m~ 1'(' iF/~J\i,Jv 1 O)~i1tI~{:-J~ 1'(, ['){16' ['){17 t~iral '(~f*lll{:~JtBJl-t6 ◊ 
if, I'm 6 ( a ) t::if--t J: -3 t:, 1R~-'ft!x 2 {:00:*lillmtt 1 1 t JiJr5EO)J:il:t.::·it:r:IIJ:l::zis;_ill!. 

.r\.6 ◊ it.:, i'm:ir- l~~ • U"f'.illmtt 1 3 2_"")"':). 01/rilffH-l'tiIDJvt-t 6 J: -3 t:00:*lillmtt 1 1 
0)!1fm${:jlljc@'T6 (!'ml~ira) ◊ .f l't, N!:¥lil$"ttl lO)j,ijj!1fm/:'JBJvtlt.:•1/J'l$1 la 
t1R~-'ft!x2 t iilffH-l'tIDJvtlmtt 1 O0)~fti:1h't, i$tftfi't-t 6, i$1l1lii!:l:, 1/-L 

i$:tf X!:l: 7- :7 i$1fiJ>tff~t· ib 6 .. 
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( 5) ~~;]2010-24624(P2010-24624A) 

[ 0021] 
C.:::. Cl) t ~ , ll)(~-'f-1'&: 2 i::u, i.fliJ-l'tID£$:tt 1 0 ~ itmHti't91 jij(1)1,i.;6>1J□~ ~ hb C.:: t 

c:~60 Tbc:, i{HfUi!!Lt.::'1/l'\$l lab>Jl£WL, i![¥lil$:tfl 1Cl)~~!i!,B~)i:W( 
~•~~•$71' (1![¥lil$:tf 11 (1)'1/l'\$l la~ll#;~•t.::*$71'-) t L'C!.iJ!£m!L~~,Cl)'"(·, 
l:Rl 7 ( a ) {::lFT J.: -3 {::, fir&:b· G ~ 6 ll)(~-'f-1'&: 2 Cl)ll)(~ffi 2 b b>[!!]ffi t ~ 1 J.: -3 (::i§.b' 
~1ET 1 ◊ C.:: Cl)£. £. Cl);j:kfl'Jt·i:J:, i)!i'§J '\;t,Jvt•i)!i'§ Lt.::7}<;6>[!:!]jij (::rii'i':£. IJ , ,f (1)$71';6> G 
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Thermal Control System for an Electronic Display 

Inventors: William Dunn, Tim Hubbard, Ware Bedell 

Technical Field 

[0001] The exemplary embodiments generally relate to cooling systems and in 

particular to cooling systems for electronic displays. 

Background of the Art 

[0002] Conductive and convective heat transfer systems for electronic displays 

generally attempt to remove heat from the electronic components in a display through 

as many sidewalls of the display as possible. In order to do this, the systems of the past 

have relied primarily on fans for moving internal air within the housing past the 

components to be cooled and out of the display. These components are typically 

power supplies. In some cases, the heated air is moved into convectively thermal 

communication with fins. 

[0003] While such heat transfer systems have enjoyed a measure of success in the 

past, improvements to displays and new display applications require even greater 

cooling capabilities. In particular, cooling devices for electronic displays of the past 

have generally used convective heat dissipation systems that function to cool only the 

rear interior portion of the display. When used outdoors or in other warm environments, 

this is not adequate, especially when radiative heat transfer from the sun through a 

front display surface becomes a major factor. In many applications 200 Watts or more 

of power through a front display surface is common. Furthermore, the market is 

demanding larger screen sizes for displays. With increased electronic display screen 

size and corresponding front display surface size more heat will be generated and more 

heat will be transmitted into the displays. Also, when displays are used in outdoor 

environments the ambient air may contain contaminates (dust, dirt, pollen, water vapor, 

brake dust, sand, smoke, etc.) which, if ingested into the display for cooling the interior 

can cause damage to the interior components of the display. 
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[0004] Modern displays (especially those which are used outdoors) have become 

increasingly brighter, with some backlights producing 1,000-2,000 nits or more. In order 

to produce this level of brightness, illumination devices such as CCFL assemblies, 

LEDs, organic LEDs, and plasma assemblies may produce a relatively large amount of 

heat. Further, the illumination devices require a relatively large amount of power in 

order to generate the required brightness level. This large amount of power is typically 

supplied through one or more power supplies for the display. These power supplies 

may also become a significant source of heat for the display. 

[0005] A large fluctuation in temperature is common when devices of the past are 

used in outdoor environments, direct sunlight, or other difficult thermal environments. 

Such temperature fluctuation adversely affects both the lifetime and the performance of 

the electronic components in these devices. 

Summary of the Exemplary Embodiments 

[0006] While the systems of the past have attempted to remove heat only through the 

non-display sides and rear components of an electronic display, a preferred 

embodiment may cause convective heat transfer from the front face of the image 

assembly as well (the side which faces an intended viewer). These preferred 

embodiments may comprise two separate flow paths for gas through an electronic 

display. A first flow path may be a closed loop and a second flow path may be an open 

loop. The closed loop path travels across the front surface of the image assembly, 

continues to the rear of the display where it may enter a heat exchanger, finally 

returning to the front surface of the image assembly. The open loop path draws gas 

(ex. ambient air) through the rear of the display (possibly through a heat exchanger) 

and then exhausts it out of the display housing. A heat exchanger may be used to 

transfer heat from the closed loop to the open loop and exhausted out of the display. 

Optionally, the open loop may also be forced behind the image assembly (sometimes a 

backlight other times an OLEO or other type of image-producing assembly), in order to 

cool the image assembly and/or backlight assembly (if a backlight is necessary for the 
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particular type of display being used). A cross-flow heat exchanger may be used in an 

exemplary embodiment. 

[0007] Other embodiments relate to a system for cooling the following portions of an 

electronic display, either alone or in combination: (1) power module(s), (2) backlight, 

and (3) front display surface. Power modules with heat dissipating assemblies (ex. cold 

plates and/or heat sinks) may be used with some embodiments where the side of the 

power module containing the heat dissipating assembly is placed in the path of ambient 

gas while the side of the power module containing sensitive electrical components 

remains in a separate environment. An isolating structure may provide the necessary 

gaseous (and sometimes particulate/contaminate) isolation between the two sides of 

the power modules. The closed loop may or may not be used when cooling the power 

modules with an open loop of ambient gas. 

[0008] Backlights with a front and rear sides may be used with some embodiments for 

LCD displays where the front side contains the illumination devices and the rear side 

contains a thermally conductive surface for dissipating the heat from the illumination 

devices. Ideally, there should be a low level of thermal resistance between the front 

and rear sides of the backlights. 

[0009] Other embodiments may place the power modules in thermal communication 

with a plurality of thermally conductive ribs where the ribs are placed in the path of 

cooling air (sometimes ambient gas). The heat from the power modules is distributed 

throughout the ribs and removed by the cooling air. It has been discovered that forcing 

air through the relatively narrow channels defined by the ribs improves the ability to 

remove heat from the power modules. 

[0010] In another embodiment, both the power modules and the display backlight (or 

image assembly) are in thermal communication with the ribs. In this way, a single path 

of cooling air (sometimes ambient gas) can be used to cool two of the warmest 

components of a typical electronic display. For example, and not by way of limitation, 

LED arrays are commonly used as the illumination devices for LCD displays. It has 

been found that the optical properties of LEDs (and other illumination devices) can vary 

depending on temperature. Thus, when an LED is exposed to room temperatures, it 

may output light with a certain luminance, wavelength, and/or color temperature. 
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However, when the same LED is exposed to high temperatures, the luminance, 

wavelength, color temperature, and other properties can vary. Thus, when a 

temperature variation occurs across an LED backlight (some areas are at a higher 

temperature than others) there can be optical inconsistencies across the backlight 

which can be visible to the observer. By using the embodiments herein, heat buildup 

can be evenly distributed across the ribs and removed from the display. This can 

prevent any potential 'hot spots' in the backlight which may become visible to the 

observer because of a change in optical properties of the illumination devices 

(sometimes, but not always LEDs). In other embodiments, the image assembly (rather 

than a backlight) is in thermal communication with the ribs. The image assembly may 

comprise any form of electronic assembly for generating an image, including but not 

limited to: LCD, light emitting diode (LED), organic light emitting diode (OLEO), field 

emitting displays (FED), light-emitting polymers (LEP), plasma displays, and any other 

flat/thin panel displays. 

[0011] The ribs may provide an isolated chamber from the rest of the display so that 

ambient air can be ingested and used to cool the ribs. This is beneficial for situations 

where the display is being used in an outdoor environment and the ingested air may 

contain contaminates (pollen, dirt, dust, water, smoke, etc.) that would damage the 

sensitive electronic components of the display. 

[0012] If a backlight is used with the particular display application, a backlight with 

front and rear sides may be used where the front side contains the illumination devices 

and the rear side contains a thermally conductive surface for dissipating the heat from 

the illumination devices. Ideally, there should be a low level of thermal resistance 

between the front and rear sides of the backlights. An exemplary embodiment contains 

a metal core PCB with LEDs on the front side and a metallic surface on the rear side. 

[0013] By the aspects described below, the exemplary embodiments herein have 

made consistent cooling possible for large electronic displays, even in hot climates and 

placed in direct sunlight. The embodiments also do not require any form of air 

conditioner (although it may be used if desired), which reduces the space and energy 

requirements for the display. 
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[0014] The foregoing and other features and advantages of the exemplary 

embodiments will be apparent from the following more detailed description of the 

particular embodiments of the invention, as illustrated in the accompanying drawings. 

Brief Description of the Drawings 

[0015] A better understanding of an exemplary embodiment 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: 

[0016] FIGURE 1 is a perspective view of a typical power module; 

[0017] FIGURE 2 is a perspective view of two power modules installed within an 

isolating structure; 

[0018] FIGURE 3 is a perspective view of an embodiment where the cooling air may 

be used to cool the power modules and a backlight assembly; 

[0019] FIGURE 4 is a perspective view of an embodiment which is similar to that 

which was shown in Figure 3 with the exception that a heat sink is now being used with 

the power modules; 

[0020] FIGURE 5 shows a perspective view of an embodiment where a plurality of 

channels are created between the backlight assembly and the isolating structure; 

[0021] FIGURE 7 shows a perspective section view of another embodiment which 

uses a thermally-conductive plate and thermally-conductive ribs; 

[0022] FIGURE 8 shows a perspective section view of another embodiment where the 

ribs are used to distribute heat from and cool a backlight assembly; 

[0023] FIGURE 9 is a rear perspective view of an embodiment where the rear cover 

of the display has been removed; 

[0024] FIGURE 10A is a perspective section view of another embodiment showing the 

closed loop and open loop channels; 

[0025] FIGURE 108 is a perspective section view similar to the view shown in Figure 

1 OA where the rear and side covers have been removed; 
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[0026] FIGURE 11 is a perspective section view of another embodiment showing inlet 

and exhaust apertures for the ambient gas which is used only within the heat exchanger 

and not within additional optional channels; and 

[0027] FIGURE 12 is a perspective section view of an exemplary embodiment where 

a cross-flow heat exchanger is used to separate high power and low power electrical 

assemblies. 

Detailed Description 

[0028] FIGURE 1 shows one embodiment of a typical power module 7 which may be 

used with some of the embodiment described herein. A printed circuit board 6 may be 

attached to the power module 7 and may contain a plurality of electronic components 5 

which may be necessary to operate and control the power module 7. These electronic 

components 5 may include, but are no means limited to resistors, capacitors, op-amps, 

wire harnesses, connectors, and inductors. A baseplate 8 may be attached to the 

power module 7 and may act as a heat dissipating assembly for the power module 7, 

such that heat which is generated by the power module 7 is transferred to the baseplate 

8. In some embodiments there may be more components used, such as a conductive 

pad located between the power module and the baseplate 8. Also, as discussed further 

below, any type of heat sink or fin assembly may be used with the baseplate 8 to further 

enhance its thermodynamic properties. There may be conductive pads placed between 

the baseplate 8 and a heat sink assembly also. 

[0029] FIGURE 2 shows two power modules installed within an isolating structure 9 

which substantially prevents gaseous and contaminate communication between the two 

sides of the power module. The baseplates 8 of the power modules are shown on the 

side of the isolating structure 9 where surrounding-environment cooling air 4 is 

designed to pass over the baseplates 8. Gaskets 11 may be used to provide a 

gaseous (and/or contaminate) seal between the power modules and the isolating 

structure 9. Cooling air 4 is sometimes drawn from the environment surrounding the 

display. This environment may contain harmful contaminates which could damage 

various electrical components in the display. These harmful contaminates include, but 
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are not limited to: dust, smoke, pollen, water vapor, other harmful particulate and other 

harmful gases. Thus, one of the purposes for the isolating structure 9 is to prevent the 

surrounding-environment cooling air 4 from contacting some of the sensitive electronic 

components of the display, including but not limited to the electronic components 5 

(shown in Figure 1) which are required to operate and control the power modules. By 

mounting the power modules within the isolating structure 9, surrounding-environment 

cooling air 4 can be drawn into the display housing and forced over the baseplates 8 

(and optional heatsinks and fins) in order to cool the power modules. This can be 

accomplished without exposing sensitive electronic components to the potentially 

harmful surrounding-environment cooling air 4. 

[0030] FIGURES 3 and 4 show embodiments where the cooling air 4 may be used to 

cool the power modules and a backlight assembly 140. These embodiments show a 

backlight assembly 140 which contains a plurality of illumination devices (ex. LEDs) 141 

which are mounted to a printed circuit board (PCB). An exemplary embodiment would 

use a metal core PCB or any other mounting structure which would have a relatively low 

level of thermal resistance so that heat can transfer from the illumination devices 141 to 

the rear surface of the backlight assembly 140 where it can be removed by the cooling 

air 4. The illumination devices 141 could be LED, halogen, CCFL, or any other device 

which produces light. Further, a backlight assembly may not even be necessary for 

some embodiments such as plasma, OLEO, LEP, or FED displays. However, these 

display types are also known to generate heat and where backlight cooling is described 

in this application these methods could also be applied to the cooling of rear surfaces of 

these electronic image assemblies. Thus, where backlight assemblies are shown, a 

plasma, OLEO, FED, or LEP image assembly could be substituted. The electronic 

components 5 may be isolated from the cooling air 4 by using the isolating structure 9. 

[0031] FIGURE 4 shows an embodiment which is similar to that which was shown in 

Figure 3 with the exception that a heat sink 12 is now in thermal communication with 

the power modules in order to further facilitate the transfer of heat away from the power 

modules. It should of course be noted that many types of heat sinks are available 

which are made of many different materials and have many different geometry types. 
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Any form of heat sink is particularly contemplated with various embodiments and may 

be used to satisfy different operating conditions. 

[0032] FIGURE 5 shows another embodiment where a plurality of channels 15 are 

created between the backlight assembly 140 and the isolating structure 9. Channel 

separators 16 may be used to separate each channel 15 and provide structural rigidity 

to the overall assembly. The channel separators 16 would preferably be fabricated out 

of thermally conductive material so that they may also transfer heat between the 

backlight assembly 140 and the isolating structure 9. A thermally conductive channel 

separator 16 can also extract heat from either the backlight assembly 140 or the 

isolating structure 9 and may dissipate the heat into the air moving through the channel 

15. Thus, some channel separators 16 may contain fins or heat sinks in order to 

facilitate heat transfer to the air moving through the channel 15. 

[0033] FIGURE 6 shows a view down a single channel 15 which contains the heat 

sink 12 for a power module which is mounted within the isolating structure 9. Some 

channels 15 may contain power modules and others may not. A channel fan 17 may 

be used to draw air through the channel 15 in order to cool the heat sink 12 (if used) 

and the channel separators 16 (if thermally conductive) as well as the backlight 140 (or 

LED assembly for an LED display). Each channel 15 may contain one or more channel 

fans 17. Some channels may not contain a fan at all, but may rely solely on natural 

convection to allow heat to rise and exit the channel. As will be discussed at length 

below, the fans can be placed anywhere in the display assembly and may be used to 

draw air through the channels, push air through the channels, or a combination of both. 

[0034] While the display is in operation, the channel fans 17 may run continuously. 

Alternatively, temperature sensing devices (not shown) may be placed in each channel 

and used to measure the temperature within the channel or any of the channel 

components (backlight or display assembly, isolating structure, or channel separators). 

Based on data received from these temperature sensing devices, the various fans may 

be selectively engaged depending on which channel requires cooling. Thus, fans 17 

which draw air through channels 15 which contain power modules may run more often 

or at higher speeds due to the greater amount of heat coming from the power modules. 
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Also, channels which contain power modules may contain larger fans or a plurality of 

fans in order to cool the channel. 

[0035] FIGURE 7 shows another embodiment which uses a thermally-conductive 

plate 1 O and ribs 18. In one embodiment, the baseplate 8 of the power module would 

be in thermal communication with the thermally-conductive plate 10. In other 

embodiments, a baseplate 8 may not be used and instead, the power module 7 would 

be in direct thermal communication with the thermally conductive plate 10. Due to the 

thermally-conductive nature of the plate 10 and ribs 18 and the thermal communication 

between them, heat which is produced by the power modules would be distributed 

throughout the plate 10 and ribs 18. In an exemplary embodiment, a path of cooling air 

20 (ambient gas) is used to remove the heat which has accumulated on the plate 1 O 

and ribs 18. Alternatively, a natural convection process could also be used to allow the 

heat to escape the plate 1 O and ribs 18. 

[0036] A plurality of mounting posts may be used to mount electronic assemblies 

such as PCBs, hard drives, timing and control boards, inductors, and even the power 

modules if desired. The mounting posts may also be thermally conductive so that the 

heat which is generated by these electronic assemblies can also be transferred to the 

plate 1 O and the ribs 18 and removed by the cooling air 20. 

[0037] In an exemplary embodiment, the plate 1 O would provide a gaseous and 

contaminate barrier between the side containing the ribs 18 (and cooling air 20) and the 

side containing the mounting posts, power modules, and any other electronic 

assemblies. If the plate 10 provides an adequate barrier, ambient air may be ingested 

as cooling air 20 and the risk of contaminates entering the side of the plate 10 

containing the sensitive electronic components may be reduced or eliminated. An inlet 

aperture 25 may be used to accept the cooling air 20 and direct it along the ribs 18. 

[0038] The ribs 18 shown in this embodiment contain a hollow rectangular cross­

section, but this is not required. Other embodiments may contain ribs with I-beam 

cross-sections, hollow square cross-sections, solid rectangular or solid square cross­

sections, 'T' cross-sections, 'Z' cross-sections, corrugated or honeycomb cross-section, 

or any combination or mixture of these. It is preferable that the ribs 18 are thermally 

conductive. Metal may be used to produce the ribs 18 in some embodiments. 
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[0039] FIGURE 8 shows another embodiment where the ribs 18 are used to distribute 

heat from and cool a backlight assembly. The backlight assembly in this embodiment 

includes a plurality of illumination devices 32 which are mounted on a thermally 

conductive substrate 30. In an exemplary embodiment, the illumination devices 32 

would be LEDs and the thermally conductive substrate 30 would be a PCB and more 

preferably a metal core PCB. On the surface of the thermally conductive substrate 30 

which faces the ribs 18 there may be a thermally conductive surface 35. In an 

exemplary embodiment, the thermally conductive surface 35 would be metallic and 

more preferably aluminum. It is preferred that the ribs 18 are in thermal communication 

with the rear surface 35 and that the rear surface 35 is in thermal communication with 

the thermally conductive substrate 30. In some embodiments however, the thermally 

conductive substrate 30 may comprise traditional PCB materials rather than a metal 

core PCB or any highly thermally conductive materials. It is most preferable that there 

is a low level of thermal resistance between the illumination devices 32 and the ribs 18. 

Cooling air 20 may again be forced along the ribs 18 in order to remove heat from the 

backlight assembly. Of course, this could also occur through natural convection, but 

more efficient cooling has been typically observed through forced convection. An 

image assembly (such as an OLEO display which may not utilize a backlight) could also 

be used in place of the backlight assembly in order to cool the image assembly. 

[0040] As noted above, many illumination devices (especially LEDs and OLEDs) may 

have performance properties which vary depending on temperature. When 'hot spots' 

are present within a backlight or illumination assembly, these hot spots can result in 

irregularities in the resulting image which might be visible to the end user. Thus, with 

the embodiments described herein, the heat which may be generated by the backlight 

assembly can be distributed throughout the various ribs and thermally-conductive 

surfaces to remove hot spots and cool the backlight. 

[0041] In an exemplary embodiment, the ribs 18 may be used to cool both the 

backlight assembly and the power modules. In a further exemplary embodiment, the 

ribs 18 can also be used to cool any additional electronic assemblies by placing them in 

thermal communication with the thermally-conductive plate 10. Thus, with the ribs 18 in 

a central location, the 'front' would be towards an intended observer of the display while 
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the 'back' would be on the opposite side of an intended observer. Therefore, the front 

side of the ribs 18 would be in thermal communication with a backlight assembly (or 

other illumination or image-producing assembly) and the rear side of the ribs would be 

in thermal communication with a rear plate (i.e. thermally-conductive plate 10). A single 

path of cooling air can then be used to cool the interior of the display while the various 

hot spots can distribute heat throughout the ribs and other thermally conductive 

surfaces to provide the most efficient cooling. This can be accomplished without having 

to expose sensitive electrical components to the contaminates and/or particulate of 

ambient gas. 

[0042] FIGURE 9 shows the rear of an exemplary electronic display 100, where the 

rear cover for the display housing has been removed in order to show the internal 

components. In this embodiment, fan assemblies 102 and 103 for a closed loop of 

circulating gas may be placed along two opposing edges of a heat exchanger 101. 

Preferably, fan assembly 102 is the inlet for the heat exchanger and fan assembly 103 

is the exit for the heat exchanger 101. These assemblies can optionally be reversed 

however, where fan assembly 1 03 is the inlet and fan assembly 102 is the exit. Further, 

both assemblies 102 and 103 are not required. Some embodiments may use only one 

fan assembly for the closed loop of circulating gas. If only one fan assembly is used, it 

is preferable to place the fan assembly at the inlet of the heat exchanger 101, so that 

the circulating gas is 'pulled' across the front of the image assembly and pushed 

through the heat exchanger 101. This is not required however; other embodiments may 

pull the isolated gas through the heat exchanger 101. Other embodiments may push 

the isolated gas across the front of the image assembly. Fan assemblies 104 and 105 

for an open loop of ambient gas may be placed along two opposing edges of the 

display housing. Again, both assemblies 104 and 105 are not required as some 

embodiments may use only one assembly and may use the open loop fan assemblies 

in a push or pull design. Therefore, when referring to the placement of the various fan 

assemblies, the terms 'push', 'pull', 'force', and 'draw' will be used interchangeably and 

any orientation may be used with the various embodiments herein. 

[0043] The circulating gas which is being forced by the closed loop fan assemblies is 

primarily circulating around the display. For example, the circulating gas travels in a 
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loop where it contacts the front surface of the image assembly (see Figures 1 0A-1 OB) 

and transfers heat from the image assembly to the circulating gas. The circulating gas 

is then preferably directed (or forced, pulled, etc.) into the heat exchanger 101 in order 

to transfer heat from the circulating gas to the ambient gas. Afterwards, the circulating 

gas exits the heat exchanger 101 and may return to the front surface of the image 

assembly. The circulating gas may also pass over several electronic components 11 0 

in order to extract heat from these devices as well. The electronic components 11 0 

may be any components or assemblies used to operate the display including, but not 

limited to: transformers, circuit boards, resistors, capacitors, batteries, power modules, 

motors, inductors, illumination devices, wiring and wiring harnesses, lights, thermo­

electric devices, and switches. In some embodiments, the electrical components 110 

may also include heaters, when the display assembly might be used in cold-weather 

environments. 

[0044] In order to cool the circulating gas (as well as optionally cooling a backlight 

assembly or image assembly as taught above) ambient gas is ingested into the display 

housing by the open loop fan assembly 104 and/or 105. The ambient gas may simply 

be ambient air which is surrounding the display 100. In some embodiments, the 

ambient gas may be air conditioned prior to being drawn into the display by one or more 

air conditioning assemblies (not shown). Once the ambient gas is ingested into the 

display, it may be directed (or forced) through the heat exchanger 101 and optionally 

also across the rear surface of the backlight assembly or image assembly (see Figures 

1 0A-1 OB) or though ribs/channels as shown above or across power modules as shown 

above. By using the heat exchanger 101, heat is transferred from the circulating gas to 

the ambient gas. The heated ambient gas is then expelled out of the display housing. 

[0045] Although not required, it is preferable that the circulating gas and ambient gas 

do not mix. In a preferred embodiment, the heat exchanger 101 would be a cross-flow 

heat exchanger. However, many types of heat exchangers are known and can be used 

with any of the embodiments herein. The heat exchanger 101 may be a cross-flow, 

parallel flow, or counter-flow (tube-within-a-tube or otherwise) heat exchanger. In an 

exemplary embodiment, the heat exchanger 101 would be a cross-flow and would be 

comprised of a plurality of stacked layers of thin plates. The plates may have a 
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corrugated or honeycomb design, where a plurality of channels or pathways travel down 

the plate length-wise. The plates may be stacked such that the directions of the 

pathways are alternated with each adjacent plate, so that each plate's pathways are 

substantially perpendicular to the pathways of the adjacent plates. Thus, gas may 

enter the heat exchanger only through plates whose channels or pathways travel 

parallel to the path of the gas. Because the plates are alternated, the closed loop and 

ambient gases may travel in plates which are adjacent to one another and heat may be 

transferred between the two gases without mixing the gases themselves (if the heat 

exchanger is adequately sealed, which is preferable but not required). 

[0046] In an alternative design, an open gap may be placed in between pairs of 

channelized or honeycomb plates. The open gap may travel in a direction which is 

perpendicular to the channels of the plates. This open gap may be created by running 

two strips of material or tape (esp. very high bond (VHB) tape) between two opposite 

edges of the plates in a direction that is perpendicular to the direction of the channels in 

the adjacent plates. Thus, gas may travel through the open gap (parallel to the strips or 

tape) but would not pass through the open gap in a direction which is perpendicular to 

the strips or tape (parallel to the channels of the adjacent plates). 

[0047] Other types of cross-flow heat exchangers could include a plurality of tubes 

which contain the first gas and travel perpendicular to the path of the second gas. As 

the second gas flows over the tubes containing the first gas, heat is exchanged 

between the two gases. Obviously, there are many types of cross-flow heat 

exchangers and any type would work with the embodiments herein. 

[0048] An exemplary heat exchanger may have plates where the sidewalls are 

relatively thin so that heat can easily be exchanged between the two paths of gas. A 

plurality of materials can be used to create the heat exchanger. Preferably, the material 

used should be corrosion resistant, rot resistant, light weight, and inexpensive. Metals 

are typically used for heat exchangers because of their high thermal conductivity. 

However, it has been discovered that plastics and composites can also satisfy the 

thermal conditions for electronic displays. An exemplary embodiment would utilize 

polypropylene as the material for constructing the plates for the heat exchanger. It has 

been found that although polypropylene may seem like a poor thermal conductor, the 
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large amount of surface area relative to the small material thickness, results in an 

overall thermal resistance that is low. Thus, an exemplary heat exchanger would be 

made of plastic and would thus produce a display assembly that is thin and lightweight. 

Specifically, corrugated or honeycomb plastic may be used for each plate layer. 

[0049] As mentioned above, both inlet and exit fan assemblies are not required for the 

embodiments. Alternatively, only a single fan assembly may be used for each loop. 

Thus, only an inlet fan assembly may be used with the closed loop and only an exhaust 

fan assembly may be used with the open loop. Alternatively, one of the loops may 

have both inlet and exit fan assemblies while the other loop only has either an inlet or 

exit assembly. 

[0050] The gas used in both loops can be any number of gaseous matters. In some 

embodiments, air may be used as the gas for both loops. Preferably, the gas which 

travels through the closed loop should be substantially clear, so that when it passes in 

front of the image assembly it will not affect the appearance of the image to a viewer. 

The gas which travels through the closed loop should also be substantially free of 

contaminates and/or particulate (ex. dust, dirt, pollen, water vapor, smoke, etc.) in order 

to prevent an adverse effect on the image quality and damage to the internal electronic 

components. It may also be preferable to keep the gas within the open loop from 

having contaminates. An optional filter (not shown) may be used to ensure that the air 

(either in the closed or open loop) stays free of contaminates. However, in an 

exemplary embodiment the open loop may be designed so that contaminates could 

possibly be present within the ambient gas but this will not harm the display. In these 

embodiments, the heat exchanger (and the optional path behind the image assembly or 

backlight or through the ribs) is properly sealed so that any contaminates in the ambient 

gas would not enter sensitive portions of the display. Thus, in these exemplary 

embodiments, ingesting ambient air for the ambient gas, even if the ambient air 

contains contaminates, will not harm the display. This can be particularly beneficial 

when the display is used in outdoor environments or indoor environments where 

contaminates are present in the ambient air. 

[0051] FIGURE 10A shows a cross-section of another embodiment of a display 200. 

In this figure, the rear cover 250 and side covers 251 and 252 are shown to illustrate 
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one method for sealing the overall display 200. The image assembly 220 is shown near 

the front of the display 200. As discussed above, the image assembly 220 may 

comprise any form of electronic assembly for generating an image, including but not 

limited to: LCD, light emitting diode (LED), organic light emitting diode (OLEO), field 

emitting displays (FED), light-emitting polymers (LEP), plasma displays, and any other 

flat/thin panel displays. The front display surface 221 is placed in front of the image 

assembly 220, defining a channel 290 through which the circulating gas may flow. The 

front display surface 221 may be any transparent material (glass, plastic, or composite) 

and may comprise several layers for polarizing light, reducing glare or reflections, and 

protecting the internal display components. In an exemplary embodiment, the front 

display surface 221 would comprise two panes of glass which are laminated together 

with optical adhesive (preferably index-matching). Further, a polarizing layer may be 

attached to one of the panes of glass in order to reduce the internal reflections and 

solar loading on the image assembly 220. It is most preferable that the polarizing layer 

be attached to the inner surface of the front display surface 221 (the one facing the 

closed loop channel 290) and also contain an anti-reflective (AR) coating. 

[0052] For the embodiment shown in Figure 1 0A, the image assembly 220 may be 

an LCD stack with a backlight assembly 222. Some backlights may use cold cathode 

fluorescent lamps (CCFLs) to produce the illumination necessary for generating an 

image. In an exemplary embodiment, the backlight assembly 222 would comprise a 

printed circuit board (PCB) with a plurality of LEDs (light emitting diodes) on the front 

surface. As discussed above, an exemplary embodiment would have a low level of 

thermal resistance between the front surface of the backlight assembly 222 and the 

rear surface 223 of the backlight. A metallic PCB may be used for this purpose. The 

rear surface 223 of the backlight may contain a thermally conductive material, such as 

a metal. Aluminum may be an exemplary material for the rear surface 223. A second 

surface (or plate) 224 may be placed in close proximity behind the rear surface 223 of 

the backlight assembly 222. The space between the rear surface 223 of the backlight 

and the second surface 224 may define an additional optional open loop channel 225 

through which ambient gas may travel in order to cool the backlight assembly 222. This 
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open loop channel 225 may be similar to the channel 15 shown above, except open 

loop channel 225 may be narrower. 

[0053] FIGURE 108 shows the same cross section from Figure 1 0A with the rear 

cover 250 and side covers 251 and 252 removed and the closed and open loop air 

flows shown for explanatory purposes. The closed loop fan assembly 202 is used to 

propel the circulating gas 21 0 around the closed loop. A first open loop fan assembly 

203 may be used to draw ambient gas 211 through the heat exchanger 201. 

Optionally, a second open loop fan assembly 204 may be used to draw ambient gas 

212 through the optional channel 225 for cooling the backlight assembly 222. The 

optional second open loop fan assembly 204 can also be used to exhaust ambient gas 

which has traveled through the heat exchanger 201 and through the channel 225. If a 

second open loop fan assembly 204 is not used, the first open loop fan assembly 203 

may be used to exhaust the ambient gas 211 that has traveled through the heat 

exchanger 201. 

[0054] As noted above, in an exemplary embodiment the ambient gas does not mix 

with the circulating gas. It may be important for the image quality that the circulating 

gas remains free of particulate and contaminates as this gas travels in front of the 

image assembly 220. Since gas for the open loop may contain various contaminates, a 

preferable embodiment should be adequately sealed to prevent the gas from the two 

loops from mixing. This is not necessary however, as filters (either removable or 

permanent) may be used to minimize the effect of particulate for both the open and 

closed loops. 

[0055] FIGURE 11 is a perspective section view of another embodiment of a display 

assembly 600 showing inlet 60 and exhaust 65 apertures for the ambient gas 20. The 

inlet aperture 60 may contain a screen or filter (removable or permanent) to remove any 

particulate (although this may not be necessary). One or more fans 50 may be used to 

draw the ambient gas 20 into the inlet aperture 60 and through the heat exchanger 201. 

In this embodiment, the ambient gas 20 is only drawn through the heat exchanger 201 

and not through any additional optional channels or ribs. This embodiment may be 

used when the display assembly 80 (or backlight assembly) does not require the 

additional cooling of an additional channel. For example, and not by way of limitation, 
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this embodiment 600 may be used when an OLEO is used as the image assembly 80. 

Further, this embodiment 600 may be used when the LCD backlight is not generating 

large amounts of heat because it is not required to be extremely bright (perhaps 

because it is not used in direct sunlight). Still further, this embodiment may be used 

when the ambient gas 20 contains particulate or contaminates which may damage the 

display. In these situations, it may be desirable to limit the exposure of the display to 

the ambient gas 20. Thus, in these situations it may be desirable to only ingest ambient 

gas 20 into the heat exchanger 201 and not through any additional cooling channels. 

[0056] In some embodiments, the ambient gas 20 may be air conditioned (or 

otherwise cooled) before it is directed into the heat exchanger 201. A front display 

surface 221 may be used to create an anterior (front) wall of the channel 290 and/or 

protect the image assembly 80 from damage. An exemplary front display surface 221 

may be glass. Another embodiment for the front display surface 221 may be two panes 

of glass which are laminated together using optical adhesive. Solar loading (radiative 

heat transfer from the sun through the front display surface 221 may result in a heat 

buildup on the image assembly 80 (ex. OLEO or LCD assembly). This heat may be 

transferred to the circulating gas, where this heat may then be transferred to the 

ambient gas 20 and expelled from the display. The image assembly could be any one 

of the following: LCD, plasma display assembly, OLEO, light emitting polymer (LEP) 

assembly, organic electro luminescence (OEL) assembly, or LED display assembly. 

[0057] FIGURE 12 shows an exemplary embodiment where a circulating gas 400 is 

forced between a front display surface 221 and an image assembly 80 and then through 

a heat exchanger 201 in order to remove at least a portion of the heat absorbed from 

the image assembly 80 and front display surface 221. The circulating gas 400 may be 

propelled by a closed loop fan assembly 410. The heat exchanger 201 may accept 

circulating gas 400 in one direction while accepting ambient gas 31 O in a substantially 

perpendicular direction such that heat may transfer between the two gases. 

[0058] In this embodiment, an optional additional flow of ambient gas 300 is accepted 

through the inlet aperture 350 and directed along channel 225 in order to cool the rear 

portion of the image assembly 80 (possibly a backlight). This embodiment uses a set of 

ribs 18, similar to the designs shown above in Figures 7 and 8. This embodiment also 
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uses a thermally-conductive plate 10, similar to the one shown in Figure 7. When this 

optional additional flow of ambient gas 300 is used, it is preferable that the anterior 

(front) surface 500 of the channel 225 be thermally conductive and preferably in thermal 

communication with at least a portion (preferably the rear portion) of the image 

assembly 80. Inlet aperture 350 may accept both ambient gas 31 0 and 300, or there 

may be separate inlet apertures for each flow of gas 31 0 and 300. 

[0059] Similar to some of the previously described embodiments, the circulating gas 

400 also passes over electronic assemblies in order to accept heat from these 

electronic assemblies. In this exemplary embodiment, the electronic assemblies have 

been separated by the heat exchanger 201 into two groups. The first group of 

electronic assemblies 900 may be considered the high power assemblies and may 

include but are not limited to: power modules, inductors, transformers, and other power­

related devices. The second group of electronic assemblies 91 0 may be considered 

the low power assemblies and may include but are not limited to: timing and control 

boards, hard drives and other storage devices, video cards, software drivers, 

microprocessors, and other control devices. It is known to those skilled in the art that 

some high power electronic assemblies can cause electrical interference with other 

electronic assemblies that may be sensitive to electrical interference. Thus, in the 

exemplary embodiment shown, the heat exchanger 201 is used to separate the lower 

power electronic assemblies 91 0 from the high power electronic assemblies 900 to 

ensure a minimum amount of interference between the two. Further, some high power 

electronic assemblies 900 are known to also generate heat. This heat may be 

transferred to the circulating gas 400 prior to introducing this gas into the heat 

exchanger 201. In the exemplary embodiment shown, ambient air can be ingested as 

the ambient gas 310 and there is little risk of damage to the electrical assemblies 910 

and 900 because the ambient gas 31 0 would preferably never contact these electrical 

assemblies. However, the electrical assemblies 91 0 and 900 will remain cool (as well 

as clean and dry) because of the cross-flow from the circulating gas 400. 

[0060] The cooling system described herein may run continuously. However, if 

desired, temperature sensing devices (not shown) may be incorporated within the 

electronic display to detect when temperatures have reached a predetermined 
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threshold value. In such a case, the various cooling 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 to advantageously keep 

the display within an acceptable temperature range. Typical thermostat assemblies can 

be used to accomplish this task. Thermocouples may be used as the temperature 

sensing devices. The speed of the various fan assemblies can also be varied 

depending on the temperature within the display. 

[0061] It should be particularly noted that the spirit and scope of the disclosed 

embodiments provides for the cooling of any type of electronic display. By way of 

example and not by way of limitation, embodiments may be used in conjunction with 

any of the following: LCD (all types), light emitting diode (LED), organic light emitting 

diode (OLEO), field emitting display (FED), light emitting polymer (LEP), organic electro 

luminescence (OEL), plasma displays, and any other type of thin/flat panel display. 

Furthermore, embodiments may be used with displays of other types including those 

not yet discovered. In particular, it is contemplated that the system may be well suited 

for use with large LED backlit, high definition (1080i or 1080p or greater) liquid crystal 

displays (LCD). While the embodiments described herein are well suited for outdoor 

environments, they may also be appropriate for indoor applications (e.g., 

factory/industrial environments, spas, locker rooms, kitchens, bathrooms) where 

thermal stability of the display may be at risk. 

[0062] It should also be noted that the variety of cooling channels that are shown in 

the figures may be shown in a horizontal or vertical arrangement but it is clearly 

contemplated that this can be reversed or changed depending on the particular 

embodiment. Thus, the closed loop may run horizontally or vertically and in a clock­

wise or counter-clockwise direction. Further, the open loop may also be horizontal or 

vertical and can run left to right, right to left, and top to bottom, or bottom to top. 

[0063] Having shown and described preferred embodiments, those skilled in the art 

will realize that many variations and modifications may be made to affect the described 

invention and still be within the scope of the claimed invention. Additionally, many of 

the elements indicated above may be altered or replaced by different elements which 
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will provide the same result and fall within the spirit of the claimed invention. It is the 

intention, therefore, to limit the invention only as indicated by the scope of the claims. 
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CLAIMS 

1. A cooling system for an electronic image assembly having a front and back portion, 

the system comprising: 

a front display surface spaced apart from the front portion of the electronic image 

assembly; 

a channel defined by the space between the front display surface and the front 

portion of the electronic image assembly; 

a heat exchanger in gaseous communication with the channel, the heat 

exchanger having first and second gas pathways, where the first gas 

pathway is in gaseous communication with the channel; 

a first fan assembly positioned so as to force circulating gas through the channel 

and the first gas pathway; and 

a second fan assembly positioned so as to force ambient gas through the 

second gas pathway. 

2. The cooling system of claim 1 wherein: 

the heat exchanger is a cross-flow heat exchanger. 

3. The cooling system of claim 1 further comprising: 

a plate spaced apart from the rear portion of the electronic image assembly; 

a second channel defined by the space between the plate and the rear portion of 

the electronic image assembly; and 

wherein the second fan assembly is further positioned so as to force ambient 

gas through the second channel. 

21 

SEC et al. v. MRI 
SEC Exhibit 1022.2530 

IPR2023-00221



WO 2010/080624 PCT/0S2009/068770 

4. The cooling system of claim 3 further comprising: 

a power module in electrical communication with the electronic image assembly; 

and 

a heat sink in thermal communication with the power module and placed within 

the second channel. 

5. The cooling system of any one of claims 3 or 4 further comprising: 

a plurality of ribs placed within the second channel. 

6. An electronic display assembly comprising: 

an electronic image assembly; 

an isolating structure space apart from the electronic image assembly; 

a channel defined by the space between the isolating structure and the 

electronic image assembly; 

a power module having electronic components on a first side and a heat sink on 

the second side, where the power module is attached to the isolating 

structure so that the heat sink is within the channel and the electronic 

components are outside the channel; and 

a fan positioned so as to draw ambient gas through the channel. 

7. The electronic display assembly of claim 6 further comprising: 
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a rib placed within the channel and in thermal communication with the isolating 

structure. 

8. The electronic display assembly of claim 7 further comprising: 

a surface placed within the channel and in thermal communication with the 

electronic image assembly and the rib; 

9. The electronic display assembly of any one of claims 6, 7, or 8 wherein: 

the electronic image assembly is a liquid crystal display. 

10. The electronic display assembly of any one of claims 6, 7, or 8 wherein: 

the electronic image assembly is an OLEO display. 

11. An electronic display assembly comprising: 

an electronic image assembly having a front and rear portion; 

a surface on the rear portion of the electronic image assembly and in thermal 

communication with the electronic image assembly; 

a plate spaced apart from the surface; 

a first channel defined by the space between the plate and the surface; 

a power module in electrical communication with the electronic image assembly 

and in thermal communication with the plate; and 

a first fan positioned so as to draw ambient gas through the first channel. 
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12. The electronic display assembly of claim 11 further comprising: 

a rib placed within the first channel and in thermal communication with the plate 

and the surface. 

13. The electronic display assembly of claim 12 further comprising: 

a front display surface spaced apart from the front portion of the electronic image 

assembly; 

a second channel defined by the space between the front display surface and 

the front portion of the electronic image assembly; 

a heat exchanger in gaseous communication with the second channel, the heat 

exchanger having first and second gas pathways, where the first gas 

pathway is in gaseous communication with the second channel; 

a second fan positioned so as to force ambient gas through the second gas 

pathway; and 

a third fan positioned so as to force circulating gas through the second channel 

and the first gas pathway. 

14. The electronic display assembly of any one of claims 11 through 13 wherein: 

the electronic image assembly is a LCD. 

15. The electronic display assembly of any one of claims 11 through 13 wherein: 

the electronic image assembly is an OLEO. 
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Page I of I 

There is provided a cooling apparatus for a flat display device. The cooling apparatus 
includes a flat display module, a front cover for protecting a front portion of the flat 
display module, a back cover for protecting a rear portion of the flat display module, an 
air inlet formed on a portion of the back cover to allow external air to be introduced into 
tt1e back cover, an air outlet formed on another portion of tt1e back cover and extending 
along a longitudinal length of the flat panel display module; a fan disposed inside the 
back cover and aligned with the air outlet formed on the back cover, and an air outlet 
channel formed in the back cover and aligned with the air outlet formed on the back 
cover, the air outlet having an effective exhaust area having a longitudinal length 
extending in a longitudinal direction of the flat display module. 
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A system for cooling an electronic image 
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(54) Title: SYSTEM FOR COOLING AN ELECTRONIC IMAUE ASSEMBLY 

FIG-4 C 
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(57) Abstract: A ~ystem for cooling an 
electronic image assembly. One embod­
iment of the system contains a plurality 
of chan1els place behind the electronic 
image assembly and preferably in con­
ductive thermal commtmication with 
the image assembly. Ambient gas is in­
gested into the display housing and di­
rected to a manifold which distributes 
the ambient gas to the plurality of chan­
nels. Another embodiment of the sys­
tem uses a heat exchanger with an inter­
nal fan assembly. Circulating gas may 
abo be used to cool a front portion of 
the electronic image assembly or any 
other internal cavity of the electronic 
display housing. The circulating gas 
may be drawn through a heat exchanger 
so that heat may be transferred to an 
ambient gas. The heat exchanger may 
have an internal fan assembly for draw­
ing ambient air through the heat ex­
change:- and exhausting it out of the 
display housing. 
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SYSTEM FOR COOLING AN ELECTRONIC IMAGE ASSEMBLY 

Inventors: Tim Hubbard and William Dunn 

Technical Field 

[0001] Exemplary embodiments generally relate to cooling systems and in particular 

to cooling systems for electronic displays. 

Background of the Art 

[0002] Improvements to electronic displays now allow them to be used in outdoor 

environments for informational, advertising, or entertainment purposes. While displays 

of the past were primarily designed for operation near room temperature, it is now 

desirable to have displays which are capable of withstanding large surrounding 

environmental temperature variations. For example, some displays are capable of 

operating at temperatures as low as -22F and as high as 113 F or higher. When 

surrounding temperatures rise, the cooling of the internal display components can 

become even more difficult. 

[0003] Additionally, modern displays have become extremely bright, with some 

backlights producing 1,000-2,000 nits or more. Sometimes, these illumination levels 

are necessary because the display is being used outdoors, or in other relatively bright 

areas where the display illumination must compete with other ambient light. In order to 

produce this level of brightness, illumination devices and electronic displays may 

produce a relatively large amount of heat. 

[0004] Still further, in some situations radiative heat transfer from the sun through a 

front display surface can also become a source of heat. In some locations 800-1400 

Watts/m2 or more through such a front display surface is common. Furthermore, the 

market is demanding larger screen sizes for displays. With increased electronic display 

screen size and corresponding front display surfaces, more heat will be generated and 

more heat will be transmitted into the displays. 

[0005] Exemplary modern displays have found some effective means for cooling the 

displays including circulating a closed loop of gas around the display and drawing 

ambient gas through the display so that the closed loop of gas may be cooled (as well 
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as portions of the electronic display). Various thermal communications have been 

discovered which can transfer heat away from the sensitive electronic components and 

out of the display. Heat exchangers were found to produce an excellent means for 

transferring heat between the closed loop of gas and the ambient gas. However, 

previous designs for moving the gas through the display have been found to generate 

an undesirable amount of noise emission from the display as well as thermal gradients 

where portions of the display were cooled but others remained warm. 

(0006] When using LCD displays, it was found that backlights were often a source of 

heat and it was desirable to move gas across the rear surface of the backlight in order 

to cool it. While desirable, it was thought that the front surface of the backlight could 

not be cooled for fear that the backlight cavity would become contaminated with dust, 

dirt, or other particulate. 

Summary of the Exemplary Embodiments 

(0007] Exemplary embodiments use a combination of circulating gas and ambient gas 

in order to adequately cool an electronic display. Circulating gas may be used to 

remove heat from the front of the image assembly. When using a LCD as the 

electronic image assembly, circulating gas may also be used to remove heat from the 

backlight cavity of the LCD. Because the gas is only circulating within the display, it can 

remain free of particulate and contaminates and will not harm the display. 

(0008] Ambient gas may be ingested into the display in order to cool the circulating 

gas. The ambient gas and the circulating gas may be drawn through a heat exchanger 

which will allow the heat to transfer from the circulating gas to the ambient gas, 

preferably without letting the ambient and circulating gases mix with one another. An 

exemplary embodiment would use a cross-flow heat exchanger. An additional flow of 

ambient gas can be drawn across the rear surface of the image assembly to remove 

heat from the rear portion of the image assembly. When using a LCD as the electronic 

image assembly, this additional flow of ambient gas can be used to remove heat from 

the rear portion of the backlight for the LCD. 

(0009] In order to reduce noise emissions, the fans which drive the ambient and/or 

circulating gas through the heat exchanger may be placed within the heat exchanger, 
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which can then act as a muffler and reduce the noise emitted by the fans. Further, if 

using the additional ambient gas pathway behind the image assembly, a manifold may 

be used to collect the ambient gas along an edge of the display and distribute this into a 

number of smaller flows. The fans for driving this additional ambient gas pathway can 

be placed within the manifold in order to reduce the noise emitted by the fans and 

provide an even distribution of ambient gas across the display. 

[0010] It has been found that ingesting ambient gas from the top or bottom edge of 

the display is preferable as these edges are not typically observable to the viewer. 

However, when ingesting ambient gas from the top or bottom of a portrait-oriented 

display, it has been found that as the cool ambient gas travels across the rear portion of 

the electronic image assembly and accepts heat it increases in temperature. Once the 

cooling air reaches the opposite edge (either top or bottom), it may have increased in 

temperature substantially and may no longer provide adequate cooling to the opposing 

portion of the display. Thus, the manifolds herein allow for cool ambient air to 

adequately cool the entire electronic image assembly in an even manner and reduce 

any 'hot spots' within the electronic image assembly. 

[0011] The foregoing and other features and advantages will be apparent from the 

following more detailed description of the particular embodiments of the invention, as 

illustrated in the accompanying drawings. 

Brief Description of the Drawings 

[0012] A better understanding of an exemplary embodiment 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: 

[0013] FIGURE 1A provides a front perspective view of an exemplary embodiment of 

the electronic display. 

[0014] FIGURE 1 B provides a rear perspective view of an exemplary embodiment of 

the electronic display. 

[0015] FIGURE 2 provides a rear perspective view similar to that shown in Figure 1 B 

where the rear cover has been removed. 
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(0016] FIGURE 3 provides a perspective sectional view along the A-A section line 

shown in Figure 1 B. 

(0017] FIGURE 4 provides a perspective sectional view along the B-B section line 

shown in Figure 1 B. 

[0018] FIGURE 5 provides a perspective sectional view of insert C shown in Figure 4. 

[0019] FIGURE 6 provides a perspective sectional view of one embodiment of the 

cross through plate. 

(0020] FIGURE 7 provides an exploded perspective view of one exemplary 

embodiment of the heat exchanger and fan assembly. 

[0021] FIGURE 8 provides a perspective sectional view of another embodiment which 

uses a flow of circulating gas through the backlight cavity of a liquid crystal display 

(LCD). 

(0022] FIGURE 9 provides a perspective sectional view of an exemplary embodiment 

which uses a flow of circulating gas through the backlight cavity in addition to the flow of 

circulating gas between the LCD and front plate. 

Detailed Description 

(0023] The invention is described more fully hereinafter with reference to the 

accompanying drawings, in which exemplary embodiments of the invention are shown. 

This invention may, however, be embodied in many different forms and should not be 

construed as limited to the exemplary embodiments set forth herein. Rather, these 

embodiments are provided so that this disclosure will be thorough and complete, and 

will fully convey the scope of the invention to those skilled in the art. In the drawings, 

the size and relative sizes of layers and regions may be exaggerated for clarity. 

(0024] It will be understood that when an element or layer is referred to as being "on" 

another element or layer, the element or layer can be directly on another element or 

layer or intervening elements or layers. In contrast, when an element is referred to as 

being "directly on" another element or layer, there are no intervening elements or layers 

present. Like numbers refer to like elements throughout. As used herein, the term 

"and/or" includes any and all combinations of one or more of the associated listed 

items. 
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(0025] It will be understood that, although the terms first, second, third, etc., may be 

used herein to describe various elements, components, regions, layers and/or sections, 

these elements, components, regions, layers and/or sections should not be limited by 

these terms. These terms are only used to distinguish one element, component, region, 

layer or section from another region, layer or section. Thus, a first element, component, 

region, layer or section discussed below could be termed a second element, 

component, region, layer or section without departing from the teachings of the present 

invention. 

(0026] Spatially relative terms, such as "lower", "upper" and the like, may be used 

herein for ease of description to describe the relationship of one element or feature to 

another element(s) or feature(s) as illustrated in the figures. It will be understood that 

the spatially relative terms are intended to encompass different orientations of the 

device in use or operation, in addition to the orientation depicted in the figures. For 

example, if the device in the figures is turned over, elements described as "lower" 

relative to other elements or features would then be oriented "upper" relative the other 

elements or features. Thus, the exemplary term "lower" can encompass both an 

orientation of above and below. The device may be otherwise oriented (rotated 90 

degrees or at other orientations) and the spatially relative descriptors used herein 

interpreted accordingly. 

(0027] The terminology used herein is for the purpose of describing particular 

embodiments only and is not intended to be limiting of the invention. As used herein, 

the singular forms "a", "an" and "the" are intended to include the plural forms as well, 

unless the context clearly indicates otherwise. It will be further understood that the 

terms "comprises" and/or "comprising," when used in this specification, specify the 

presence of stated features, integers, steps, operations, elements, and/ or components, 

but do not preclude the presence or addition of one or more other features, integers, 

steps, operations, elements, components, and/or groups thereof. 

(0028] Embodiments of the invention are described herein with reference to cross­

section illustrations that are schematic illustrations of idealized embodiments (and 

intermediate structures) of the invention. As such, variations from the shapes of the 

illustrations as a result, for example, of manufacturing techniques and/or tolerances, are 
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to be expected. Thus, embodiments of the invention should not be construed as limited 

to the particular shapes of regions illustrated herein but are to include deviations in 

shapes that result, for example, from manufacturing. 

[0029] For example, an implanted region illustrated as a rectangle will, typically, have 

rounded or curved features and/or a gradient of implant concentration at its edges 

rather than a binary change from implanted to non-implanted region. Likewise, a buried 

region formed by implantation may result in some implantation in the region between 

the buried region and the surface through which the implantation takes place. Thus, the 

regions illustrated in the figures are schematic in nature and their shapes are not 

intended to illustrate the actual shape of a region of a device and are not intended to 

limit the scope of the invention. 

[0030] Unless otherwise defined, all terms (including technical and scientific terms) 

used herein have the same meaning as commonly understood by one of ordinary skill 

in the art to which this invention belongs. It will be further understood that terms, such 

as those defined in commonly used dictionaries, should be interpreted as having a 

meaning that is consistent with their meaning in the context of the relevant art and will 

not be interpreted in an idealized or overly formal sense unless expressly so defined 

herein. 

[0031] FIGURE 1A provides a front perspective view of an exemplary embodiment of 

the electronic display 100. A transparent front plate 1 O is placed on the front portion of 

the display to protect the internal components and allow the images produced by the 

display 100 to be seen. Some embodiments may use glass as the transparent front 

plate 10. Exemplary embodiments may use two pieces of glass laminated with index­

matching optical adhesive. Some front plates 1 0 may provide other utility such as anti­

reflection or polarizing functions. An inlet aperture 24 and exit aperture 25 may be 

provided in the housing so that the display 1 00 can accept ambient gas for cooling the 

display 1 oo. 
[0032] FIGURE 18 provides a rear perspective view of an exemplary embodiment 

of the electronic display 100. A rear cover 15 may be used to provide access to the 

internal components of the display 100. 
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(0033] FIGURE 2 provides a rear perspective view similar to that shown in Figure 1 B 

where the rear cover 15 has been removed. Ambient gas 200 may be ingested into the 

display through the inlet aperture 24 and pass through a heat exchanger 45 and exit the 

display through the exit aperture 25. The ambient gas 200 may be drawn into the 

display and forced through the heat exchanger 45 using heat exchanger fan assembly 

46. An exemplary placement for the heat exchanger fan assembly 46 is discussed 

further below, but in many embodiments the fan assembly 46 can be placed near the 

inlet aperture 24 and/or exit aperture 25 and may or may not be placed within the heat 

exchanger 45 (as shown in Figure 2). 

[0034] Optionally, ambient gas 210 may also be ingested into the display through inlet 

aperture 24 (or a separate inlet aperture). Ambient gas 21 O may then be directed 

through a first manifold 30 which travels along the edge of the display. The first 

manifold 30 accepts the single larger inlet flow of ambient gas 21 O and distributes it into 

a plurality of smaller flows (channels 60) across the display. A second manifold 35 may 

be placed along the opposite edge of the display as the first manifold 30. The second 

manifold 35 accepts the plurality of smaller flows (channels 60) and combines them into 

a single flow and exhausts it out of the exit aperture 25 (or a separate exit aperture). In 

this embodiment, a manifold fan assembly 211 is used to draw the ambient gas 21 O 

into the inlet aperture 24 and force the ambient gas 210 across the display. For this 

particular embodiment, the manifold fan assembly 211 is placed within the first manifold 

30 and is used to draw the ambient gas 21 D into the display as well as distribute the 

single flow into a plurality of smaller flows (channels 60). This is not required however, 

as some embodiments may place the manifold fan assembly 211 in the second 

manifold 35, or within both the first and second manifolds 30 and 35. 

[0035] The first and second manifolds 30 and 35 may be placed along any opposing 

edges of the display. However, it is preferable that the first and second manifolds 30 

and 35 are placed along the vertical edges of the display with the channels 60 travelling 

horizontally. Other embodiments may place the first and second manifolds 30 and 35 

along the horizontal edges of the display with the channels 60 travelling vertically. 

[0036] While both flows of ambient gas may be used in an exemplary embodiment, 

there is no requirement that they are both used. Some embodiments may use only 
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ambient gas 200 or ambient gas 210. Also, if using both flows of ambient gas 200 and 

ambient gas 21 O there is no requirement that they share the same inlet and exit 

apertures. Thus, there may be separate inlet and exit apertures for the two flows of 

ambient gas. 

[0037] FIGURE 3 provides a perspective sectional view along the A-A section line 

shown in Figure 1 B. Again, ambient gas 200 may be ingested into the display through 

the inlet aperture 24 and pass through a heat exchanger 45 and exit the display through 

the exit aperture 25. The ambient gas 200 may be drawn into the display and forced 

through the heat exchanger 45 using heat exchanger fan assembly 46. Obviously, the 

inlet aperture 24 may contain a filter or other coverings so that contaminates, insects, 

garbage, and/or water/fluids cannot easily be ingested into the display. However, an 

exemplary embodiment would not be damaged if the ambient gas 200 contained 

contaminates as they would only pass through the heat exchanger 45 which may not be 

susceptible to damage from particulate or contaminates. Exit aperture 25 may also 

contain some type of covering to ensure that contaminates and/or insects could not 

enter the display. 

[0038] An electronic image assembly 50 may be placed behind the front plate 10. A 

plurality of channels 60 may be placed behind the electronic image assembly 50. 

Ambient gas 210 may be forced through the channels 60 after travelling through the 

first manifold 30 (not shown here). The flow of ambient gas 21 O behind the electronic 

image assembly 50 may be used to remove any buildup of heat from the rear portion of 

the electronic image assembly 50. It may be preferable to have a thermally conductive 

surface/plate on the rear portion of the electronic image assembly 50 so that heat can 

easily transfer to this surface/plate and be removed by the ambient gas 210. 

[0039] The channels 60 can take on any number of forms. Although shown in this 

embodiment with a square cross-section this is not required. Other embodiments may 

contain channels 60 with I-beam cross-sections, hollow square cross-sections, hollow 

rectangular cross-section, solid rectangular or solid square cross-sections, 'T' cross­

sections, 'Z' cross-sections, a honeycomb cross-section, or any combination or mixture 

of these. The channels 60 are preferably thermally conductive and also preferably in 

thermal communication with the electronic image assembly 50. Thus, in a preferred 
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embodiment, heat which accumulates on the rear portion of the electronic image 

assembly 50 may be transferred throughout the channels 60 and removed by ambient 

gas 210. Preferably, the channels 60 are metallic and even more preferably aluminum. 

Further, in an exemplary embodiment the channels 60 are in conductive thermal 

communication with the electronic image assembly 50. 

[0040] FIGURE 4 provides a perspective sectional view along the B-B section line 

shown in Figure 1 B. In this view, the path of the circulating gas 250 can also be 

observed. The space between the front plate 10 and the electronic image assembly 50 

may define a front channel 251, through which the circulating gas 250 may travel in 

order to remove any accumulation of heat on the front surface of the electronic image 

assembly 50. The circulating gas 250 is preferably then directed into the heat 

exchanger 45 where heat may be transferred from the circulating gas 250 to the 

ambient gas 200. Upon exiting the heat exchanger 45, the circulating gas 250 may be 

re-directed into the front channel 251. In this way, the heat exchanger 45 and the front 

channel 251 are placed in gaseous communication with each other. 

[0041] The circulating gas 250 may also be directed over various electronic 

components 7 so that heat may be transferred from the electronic components 7 to the 

circulating gas 250. The electronic components 7 could be any one of the following but 

not limited to: power modules, heat sinks, capacitors, motors, microprocessors, hard 

drives, AC/DC converters, transformers, or printed circuit boards. 

[0042] Also shown in this sectional view is the path of the ambient gas 210 travelling 

down one of the channels 60 behind the electronic image assembly 50. In this 

embodiment, the ambient gas 21 0 is forced out of the first manifold 30, across the 

channels 60, and into the second manifold 35 by manifold fan assembly 211. In other 

words, each channel 60 preferably has an inlet which is in gaseous communication with 

the first manifold 30 as well as an exit which is in gaseous communication with the 

second manifold 35. As shown in this Figure, the paths of the ambient gas 21 0 and the 

circulating gas 250 may cross, but it is preferable to keep the two gases from mixing (as 

the ambient gas 21 0 may contain particulate or contaminates while the circulating gas 

250 can remain substantially free of particulate and contaminates). It may be 

preferable to keep the circulating gas 250 from having particulate or contaminates 
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because it travels in front of the electronic image assembly 50. Thus, to keep the 

image quality from being impaired, it may be desirable to keep the circulating gas 250 

clean and prevent it from mixing with the ambient gas 210. 

[0043] FIGURE 5 provides a perspective sectional view of insert C shown in Figure 4. 

As noted above, if practicing an embodiment which uses ambient gas 21 0 as well as 

the circulating gas 250, the pathways of the two gases may need to cross over one 

another and it may be desirable to prohibit them from mixing to prevent contamination 

of sensitive portions of the display. Here, cross through plate 500 allows the pathways 

of the two gases to cross over one another without letting them mix together. The cross 

through plate 500 in this embodiment contains a series of voids which pass through the 

plate. A first series of voids 550 passes through the cross through plate 500 and allows 

ambient gas 21 0 to travel from the first manifold 30 into the channels 60 which run 

behind the electronic image assembly 50. A second series of voids 525 pass through 

the cross through plate 500 in a direction substantially perpendicular to that of the first 

series of voids 550. The second series of voids 525 allows the circulating gas to exit 

the front channel 251, cross over the ambient gas 210, and continue towards the heat 

exchanger 45. In this embodiment, a circulating gas fan assembly 255 is used to draw 

the circulating gas 250 through the front channel 251 and through the heat exchanger 

45. Much like the other fan assemblies shown and described here, the circulating gas 

fan assembly 255 could be placed anywhere within the display, including but not limited 

to the entrance/exit of the heat exchanger 45 or the entrance/exit of the front channel 

251. 

[0044] FIGURE 6 provides a perspective sectional view of one embodiment of the 

cross through plate 500. In this embodiment, the cross through plate 500 is comprised 

of a plurality of hollow blocks 503 sandwiched between a top plate 501 and bottom 

plate 502 with sections of the plates 501 and 502 removed to correspond with the 

hollow sections of the blocks 503. A portion of the top plate 501 has been removed to 

show the detail of the hollow blocks 503, first series of voids 550, and second series of 

voids 525. The cross through plate 500 could take on any number of forms and could 

be constructed in a number of ways. Some other embodiments may use a solid plate 

where the first and second series of voids 550 and 525 are cut out of the solid plate. 
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Other embodiments could use two sets of hollow blocks where the hollow sections are 

perpendicular to each other and the blocks are fastened together. Still other 

embodiments could use a design similar to those that are taught below for the heat 

exchanger 45, for example any type of cross-flow heat exchanger design could be 

used. Thus, an exemplary cross through plate 500 contains two gaseous pathways 

where the two pathways do not allow the gaseous matter to mix. Here, the first gas 

pathway would be 525 while the second gas pathway would be 550. 

(0045] FIGURE 7 provides an exploded perspective view of one exemplary 

embodiment of the heat exchanger 45 and fan assembly 46. In this view, the fan 

assembly 46 is shown removed from its mounted position within the fan housing 51. In 

this embodiment, the heat exchanger 45 is divided into two portions 47 and 48 where 

the fan housing 51 is used to provide a gaseous communication between the two 

portions 47 and 48. Here, the fan assembly 46 is placed between the two portions 47 

and 48. While the fan assembly 46 can be placed anywhere so that it draws ambient 

gas 200 through the heat exchanger 45, it has been found that placing the fan 

assembly 46 between the two portions of the heat exchanger can provide a number of 

benefits. First, the volumetric flow rate of the ambient gas 200 through the heat 

exchanger is high, which results in better cooling capabilities for the heat exchanger 45. 

Second, the noise produced by the fan assembly 46 can be reduced because the 

surrounding portions 47 and 48 of the heat exchanger 45 essentially act as a muffler for 

the fan assembly 46. 

(0046] In this embodiment, portion 48 is thinner and longer than portion 47. This was 

done in order to free up more space within the housing so that additional electronic 

components could fit within the housing (adjacent to portion 48). As shown, the fan 

housing 51 may be used to connect two portions of a heat exchanger which may be of 

different lengths. As shown, portion 48 of the heat exchanger is thinner than the fan 

housing 51. In an alternative embodiment, both portions 48 and 47 may be thinner than 

the fan assembly 46 such that a fan housing 51 may be used to provide a sealed 

gaseous communication between the two portions, even though they are both thinner 

than the fan assembly 51. This design may be preferable when it is desirable to create 

the largest possible heat exchanger 45 (for maximum cooling abilities) even though 
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space is limited. This is of course not required, and other embodiments may have 

portions which are of equal width and length. Also, although this embodiment uses the 

fan assembly 46 to drive the ambient gas 200, other embodiments could use a fan 

assembly placed within the heat exchanger to drive the circulating gas 250 instead and 

drive the ambient gas 200 with another fan assembly (possibly placed within the heat 

exchanger or located at the entrance/exit of the heat exchanger). Some exemplary 

embodiments may place fans within the heat exchanger 45 to drive both the ambient 

gas 200 and circulating gas 250. 

[0047] The ambient gas 200 travels through a first pathway (or plurality of pathways) 

of the heat exchanger 45 while the circulating gas 250 travels through a second 

pathway (or plurality of pathways) of the heat exchanger 45. Although not required, it is 

preferable that the circulating gas 250 and ambient gas 200 do not mix. This may 

prevent any contaminates and/or particulate that is present within the ambient gas 200 

from harming the interior of the display. In a preferred embodiment, the heat exchanger 

45 would be a cross-flow heat exchanger. However, many types of heat exchangers 

are known and can be used with any of the embodiments herein. The heat exchanger 

45 may be a cross-flow, parallel flow, or counter-flow heat exchanger. In an exemplary 

embodiment, the heat exchanger 45 would be comprised of a plurality of stacked layers 

of thin plates. The plates may have a corrugated, honeycomb, or tubular design, where 

a plurality of channels/pathways/tubes travel down the plate length-wise. The plates 

may be stacked such that the directions of the pathways are alternated with each 

adjacent plate, so that each plate's pathways are substantially perpendicular to the 

pathways of the adjacent plates. Thus, ambient gas or circulating gas may enter an 

exemplary heat exchanger only through plates whose channels or pathways travel 

parallel to the path of the gas. Because the plates are alternated, the circulating gas 

and ambient gas may travel in plates which are adjacent to one another and heat may 

be transferred between the two gases without mixing the gases themselves (if the heat 

exchanger is adequately sealed, which is preferable but not required). 

[0048] In an alternative design for a heat exchanger, an open channel may be placed 

in between a pair of corrugated, honeycomb, or tubular plates. The open channel may 

travel in a direction which is perpendicular to the pathways of the adjacent plates. This 
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open channel may be created by running two strips of material or tape (esp. very high 

bond (VHB) tape) between two opposite edges of the plates in a direction that is 

perpendicular to the direction of the pathways in the adjacent plates. Thus, gas 

entering the heat exchanger in a first direction may travel through the open channel 

(parallel to the strips or tape). Gas which is entering in a second direction (substantially 

perpendicular to the first direction) would travel through the pathways of the adjacent 

plates). 

(0049] Other types of cross-flow heat exchangers could include a plurality of tubes 

which contain the first gas and travel perpendicular to the path of the second gas. As 

the second gas flows over the tubes containing the first gas, heat is exchanged 

between the two gases. Obviously, there are many types of cross-flow heat 

exchangers and any type would work with the embodiments herein. 

(0050] An exemplary heat exchanger may have plates where the sidewalls have a 

relatively low thermal resistance so that heat can easily be exchanged between the two 

gases. A number of materials can be used to create the heat exchanger. Preferably, 

the material used should be corrosion resistant, rot resistant, light weight, and 

inexpensive. Metals are typically used for heat exchangers because of their high 

thermal conductivity and would work with these embodiments. However, it has been 

discovered that plastics and composites can also satisfy the thermal conditions for 

electronic displays. An exemplary embodiment would utilize polypropylene as the 

material for constructing the plates for the heat exchanger. It has been found that 

although polypropylene may seem like a poor thermal conductor, the large amount of 

surface area relative to a small sidewall thickness, results in an overall thermal 

resistance that is low. Thus, an exemplary heat exchanger would be made of plastic 

and would thus produce a display assembly that is thin and lightweight. Specifically, 

corrugated plastic may be used for each plate layer where they are stacked together in 

alternating fashion (i.e. each adjacent plate has channels which travel in a direction 

perpendicular to the surrounding plates). 

(0051] FIGURE 8 provides a perspective sectional view of another embodiment which 

uses a flow of circulating gas 350 through the backlight cavity of a liquid crystal display 

(LCD) 300. In this embodiment, a LCD 300 and an associated backlight 320 are used 
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as the electronic image assembly. A backlight wall 330 may enclose the area between 

the LCD 300 and the backlight 320 in order to create a backlight cavity. Typically, the 

backlight cavity is closed to prevent contaminates/particulate from entering the backlight 

cavity and disrupting the optical/electrical functions of the backlight 320. However, as 

discussed above the exemplary embodiments may use a clean gaseous matter for the 

circulating gases which could now be used to ventilate the backlight cavity in order to 

cool the backlight 320 and even the rear portion of the LCD 300. An opening 340 can 

be placed in the backlight wall 330 to allow circulating gas 350 to flow through the 

backlight cavity. A fan assembly 360 may be used to draw the circulating gas 350 

through the backlight cavity. In an exemplary embodiment there would be an opening 

on the opposing backlight wall (on the opposite side of the display as shown in this 

figure) so that circulating gas 350 could easily flow through the backlight cavity. In this 

way, the backlight cavity is placed in gaseous communication with the heat exchanger 

45. 

(0052] FIGURE 9 provides a perspective sectional view of an exemplary embodiment 

which uses a flow of circulating gas 350 through the backlight cavity in addition to the 

flow of circulating gas 250 through the front channel 251 (the area defined between the 

LCD 300 and front plate 10). Circulating fan assembly 255 may be placed so that it can 

draw circulating gas 350 through the backlight cavity as well as circulating gas 250 

through the front channel 251. As discussed above, the circulating gases 250 and 350 

are preferably forced through the heat exchanger 45 (not shown in this figure) so that 

they may be cooled by the ambient gas 200 (also not shown in this figure). In this way, 

both the front channel 251 and the backlight cavity are placed in gaseous 

communication with the heat exchanger 45. 

(0053] Also shown in Figure 9 is the optional additional flow of ambient gas 21 O 

which may travel immediately behind the electronic image assembly (in this 

embodiment backlight 320). Once travelling through the first manifold 30, the ambient 

gas 210 may pass through the channels 60 in order to remove heat from the backlight 

320 and even the channels 60 themselves (if they are thermally conductive). The 

manifold fan assembly 211 may be used to draw the ambient gas 21 O into the first 

manifold 30 and through the channels 60. Again, the cross though plate 500 may be 
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used to allow the circulating gases 350 and 250 to cross paths with the ambient gas 

21 O without letting the two gases mix. 

[0054] In an exemplary embodiment, the backlight 320 would contain a plurality of 

LEDs mounted on a thermally conductive substrate (preferably a metal core PCB). On 

the surface of the thermally conductive substrate which faces the channels 60 there 

may be a thermally conductive plate which may be in thermal communication with the 

channels 60. In an exemplary embodiment, the thermally conductive plate would be 

metallic and more preferably aluminum and the thermal communication between the 

channels 60 and the backlight 320 would be conductive thermal communication. 

[0055] As noted above, many electronic image assemblies (especially LEDs, LCDs, 

and OLEDs) may have performance properties which vary depending on temperature. 

When 'hot spots' are present within an image assembly, these hot spots can result in 

irregularities in the resulting image which might be visible to the end user. Thus, with 

the embodiments described herein, the heat which may be generated by the image 

assembly (sometimes containing a backlight assembly) can be distributed (somewhat 

evenly) throughout the channels 60 and thermally-conductive surfaces to remove hot 

spots and cool the backlight and/or electronic image assembly. 

[0056] The circulating gases 250 and 350, ambient gas 200, and optional ambient 

gas 210 can be any number of gaseous matters. In some embodiments, air may be 

used as the gas for all. As well known by those of ordinary skill in the art, air typically 

contains some amount of water vapor. It should be noted that the use of the term 'gas' 

herein does not designate pure gas and that it is specifically contemplated that any of 

the gaseous matters described herein may contain some amount of impurities including 

but not limited to water vapor. Preferably, because the circulating gases 250 and 350 

may travel in front of the image assembly and backlight respectively, they should be 

substantially clear, so that they will not affect the appearance of the image to a viewer. 

The circulating gases 250 and 350 should also preferably be substantially free of 

contaminates and/or particulate in order to prevent an adverse effect on the image 

quality and/or damage to the internal electronic components. It may sometimes be 

preferable to keep ambient gases 200 and 21 O from having contaminates as well. 

Filters may be used to help reduce the particulate within ambient gases 200 and 210. 
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Filters could be placed near the inlet aperture 24 so that ambient gases 200 and/or 21 0 

could be drawn through the filter. However, in an exemplary embodiment the display 

may be designed so that contaminates could be present within the ambient gases 200 

and 210 but this will not harm the display. In these embodiments, the heat exchanger 

45, manifolds 30 and 35, channels 60, and any other pathway for ambient or circulating 

gas should be properly sealed so that any contaminates in the ambient gas would not 

enter sensitive portions of the display. Thus, in these exemplary embodiments, 

ambient air may be ingested for the ambient gases 200 and 210, even if the ambient air 

contains contaminates or particulate. This can be particularly beneficial when the 

display is used in outdoor environments or indoor environments where contaminates 

are present in the ambient air. 

(0057] The cooling system may run continuously. However, if desired, temperature 

sensing devices (not shown) may be incorporated within the electronic display to detect 

when temperatures have reached a predetermined threshold value. In such a case, the 

various cooling 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 to advantageously keep the display within an acceptable 

temperature range. Typical thermostat assemblies can be used to accomplish this 

task. Thermocouples may be used as the temperature sensing devices. 

(0058] It is to be understood that the spirit and scope of the disclosed embodiments 

provides for the cooling of many types of electronic image assemblies. As used herein, 

the term 'electronic image assembly' is any electronic assembly for creating an image. 

At this time this, these are LCD (all types), light emitting diode (LED), organic light 

emitting diode (OLEO), field emitting display (FED), light emitting 

polymer (LEP), organic electro luminescence (OEL), plasma displays, and any thin/flat 

panel electronic image assembly. Furthermore, embodiments may be used with 

displays of other types including those not yet discovered. In particular, it is 

contemplated that the system may be well suited for use with full color, flat panel OLEO 

displays. Exemplary embodiments may also utilize large (55 inches or more) LED 

backlit, high definition liquid crystal displays (LCD). While the embodiments described 

herein are well suited for outdoor environments, they may also be appropriate for indoor 
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applications (e.g., factory/industrial environments, spas, locker rooms) where thermal 

stability of the display may be a concern. 

[0059] As is well known in the art, electronic displays can be oriented in a portrait 

manner or landscape manner and either can be used with the embodiments herein. 

[0060] Having shown and described preferred embodiments, those skilled in the art 

will realize that many variations and modifications may be made to affect the described 

embodiments and still be within the scope of the claimed invention. Additionally, many 

of the elements indicated above may be altered or replaced by different elements which 

will provide the same result and fall within the spirit of the claimed invention. It is the 

intention, therefore, to limit the invention only as indicated by the scope of the claims. 
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CLAIMS 

1. An assembly for cooling an electronic image assembly within a housing having an 

inlet aperture for ambient gas, exit aperture for ambient gas, and internal cavity for 

circulating gas, the assembly comprising: 

a first portion of a heat exchanger which accepts ambient gas from the inlet 

aperture; 

a second portion of a heat exchanger which accepts ambient gas from the first 

portion; 

an first fan positioned between the first and second portions which pulls ambient 

gas through the first portion and pushes ambient gas through the second 

portion; 

a second fan which forces circulating gas through the internal cavity and at least 

one of the heat exchanger portions; 

a plurality of channels placed behind the electronic image assembly, each 

channel having an inlet and exit; 

a first manifold in gaseous communication with the inlet of each channel; 

a second manifold in gaseous communication with the exit of each channel; and 

a third fan positioned to force ambient gas through the channels. 

2. A system for cooling an electronic image assembly with ambient gas, the system 

comprising: 

a plurality of channels placed behind the electronic image assembly, each 

channel having an inlet and exit; 

a first manifold in gaseous communication with the inlet of each channel; 

a second manifold in gaseous communication with the exit of each channel; and 

a fan positioned to force ambient gas through the channels. 

3. The cooling system of claim 2 wherein: 

the channels are in thermal communication with the electronic image assembly. 

4. The cooling system of claim 2 wherein: 
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the first and second manifolds are placed along a pair of vertical edges of the 

electronic image assembly. 

5. The cooling system of claim 2 wherein: 

the fan is placed within either the first or second manifold. 

6. The cooling system of claim 2 wherein: 

the channels have a rectangular cross-section. 

7. The cooling system of claim 2 wherein: 

the channels are arranged in horizontal rows. 

8. The cooling system of any one of claims 2-7 wherein: 

the cooling channels are metallic. 

9. The cooling system of claim 2 further comprising: 

a front plate placed in front of the electronic image assembly, the space between 

the front plate and the electronic image assembly defining a front channel; 

a circulating fan position to force circulating gas through the front channel; and 

a pass through plate having a first pathway for ambient gas travelling through the 

plurality of channels behind the electronic image assembly and a second 

pathway for circulating gas travelling through the front channel. 

10. The cooling system of claim 9 wherein: 

the first and second gas pathways are substantially perpendicular. 

11. The cooling system of claim 9 wherein: 

the first and second gas pathways do not allow the ambient gas and circulating 

gas to mix. 

12. The cooling system of claim 9 wherein: 
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the pass through plate is positioned adjacent to the first manifold. 

13. An electronic display assembly comprising: 

a housing; 

an electronic image assembly contained within the housing and having a pair of 

opposing edges; 

an inlet aperture in the housing for accepting ambient gas; 

an exhaust aperture in the housing for exhausting ambient gas; 

a plurality of channels placed behind the electronic image assembly; 

a first manifold placed along one of the opposing edges which accepts ambient 

gas from the inlet aperture and distributes ambient gas to the plurality of 

channels; 

a second manifold placed along the opposite edge as the first manifold which 

accepts ambient gas from the channels and directs it towards the exhaust 

aperture; and 

a fan which forces the ambient gas through the channels. 

14. The electronic display assembly of claim 13 wherein: 

the fan is placed within the first manifold. 

15. The electronic display assembly of claim 13 wherein: 

the housing contains a top and bottom portion; 

the inlet aperture is located at the top portion of the housing; and 

the exhaust aperture is located at the bottom portion of the housing. 

16. The electronic display assembly of claim 13 wherein: 

the first and second manifolds are oriented vertically; and 

the plurality of channels are oriented horizontally. 

17. The electronic display assembly of any one of claims 13-16 wherein: 
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the channels are in conductive thermal communication with the electronic image 

assembly. 

18. The electronic display assembly of claim 13 further comprising: 

a transparent front plate placed in front of the electronic image assembly, the 

space between the front plate and the electronic image assembly defining 

a front channel; 

a circulating fan position to force circulating gas through the front channel; and 

a first pass through plate adjacent to the first manifold and a second pass 

through plate adjacent to the second manifold, each pass through plate 

having a first pathway for ambient gas travelling through the plurality of 

channels behind the electronic image assembly and a second pathway for 

circulating gas travelling through the front channel. 

19. The cooling system of claim 18 wherein: 

the first and second gas pathways are substantially perpendicular. 

20. An electronic display assembly comprising: 

a housing having a top portion, bottom portion, and a pair of vertical edges; 

an electronic image assembly contained within the housing; 

an inlet aperture in the housing for accepting ambient gas; 

an exhaust aperture in the housing for exhausting ambient gas; 

a plurality of metallic channels placed behind and in conductive thermal 

communication with the electronic image assembly; 

a first manifold placed along one of the vertical edges which accepts ambient 

gas from the inlet aperture and distributes ambient gas to the plurality of 

channels; 

a second manifold placed along the opposite vertical edge as the first manifold 

which accepts ambient gas from the channels and directs it towards the 

exhaust aperture; and 
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a plurality of fans within the first manifold which draw the ambient gas into the 

inlet aperture and through the channels. 

21. The electronic display assembly of claim 20 wherein: 

the electronic image assembly is a liquid crystal display. 

22. An assembly for cooling an electronic image assembly within a housing having an 

inlet aperture for ambient gas, exit aperture for ambient gas, and internal cavity for 

circulating gas, the assembly comprising: 

a first portion of a heat exchanger which accepts ambient gas from the inlet 

aperture; 

a second portion of a heat exchanger which accepts ambient gas from the first 

portion; 

an first fan positioned between the first and second portions which pulls ambient 

gas through the first portion and pushes ambient gas through the second 

portion; and 

a second fan which forces circulating gas through the internal cavity and at least 

one of the heat exchanger portions. 

23. The cooling assembly of claim 22 wherein: 

the first fan also draws ambient gas through the inlet aperture. 

24. The cooling assembly of claim 23 wherein: 

the first fan also pushes ambient gas through the exit aperture. 

25. The cooling assembly of claim 22 further comprising: 

an electronic component placed within the path of the circulating gas. 

26. The cooling assembly of claim 25 wherein: 

the electronic component is a power module. 
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27. The cooling assembly of claim 22 wherein: 

the heat exchanger portions are comprised of corrugated layers. 

28. The cooling assembly of claim 22 wherein: 

the heat exchanger portions are cross-flow heat exchanger portions. 

29. An assembly for cooling an electronic image assembly within a housing having an 

inlet aperture for ambient gas, exit aperture for ambient gas, and internal cavity for 

circulating gas, the assembly comprising: 

a heat exchanger having first and second gas pathways; 

an first fan placed within the heat exchanger to draw ambient gas through the 

inlet aperture and the first gas pathway of the heat exchanger; and 

a second fan placed to draw circulating gas through the internal cavity and the 

second gas pathway of the heat exchanger. 

30. The cooling assembly of claim 29 wherein: 

the first fan comprises an inlet side and exhaust side such that a portion of the 

heat exchanger is adjacent to the inlet side and a further portion of the 

heat exchanger is adjacent to the exhaust side. 

31. The cooling assembly of claim 29 wherein: 

the internal cavity comprises a front channel defined by the space between the 

electronic image assembly and a transparent front plate. 

32. The cooling assembly of claim 29 wherein: 

the first fan also forces the ambient gas out the exit aperture. 

33. The cooling assembly of claim 29 further comprising: 

an electronic component placed within the path of the circulating gas. 

34. The cooling assembly of claim 33 wherein: 
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the electronic component is a power module. 

35. The cooling assembly of claim 29 wherein: 

the heat exchanger is comprised of corrugated layers. 

36. The cooling assembly of claim 29 wherein: 

the heat exchanger is a cross-flow heat exchanger. 

37. An electronic display assembly comprising: 

a housing having an inlet aperture and exit aperture for ambient gas; 

an electronic image assembly within the housing; 

a transparent front plate in front of the electronic image assembly, the space 

between the transparent front plate and the electronic image assembly 

defining a channel; 

a heat exchanger in gaseous communication with the channel, the heat 

exchanger comprising two portions, each portion having first and second 

gas pathways, where the first gas pathways are in gaseous 

communication with the inlet and exit apertures and the second gas 

pathways are in gaseous communication with the channel; 

a first fan assembly placed between the two portions of the heat exchanger to 

force ambient gas through the first gas pathways; and 

a second fan assembly positioned to force gas through the channel and the 

second gas pathways. 

38. The electronic display assembly of claim 37 further comprising: 

a power module placed within the path of the circulating gas. 

39. The electronic display assembly of claim 37 wherein: 

the electronic image assembly is a liquid crystal display. 

40. The electronic display assembly of claim 37 wherein: 
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the electronic image assembly is an OLEO display. 

41. The electronic display assembly of claim 37 wherein: 

the heat exchanger is a cross-flow heat exchanger comprised of corrugated 

layers. 
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Heat radiation module for disp!ay card 

lnventor(s): XIE XINMAO [CN] ±. (XINMAO XIE) 

Applicant(s): ADDA CORP [CN] ±. (ADDA CORPORATION) 

Classification: - international: G06F1/20; (IPC1-7): G06F1/20 
- cooperative: 

Application number: CN2004259817U 20040521 

Priority number(s): CN2004259817U 20040521 

Abstract of CN2702363 {Y} 

Tt1e utility model relates to a heat radiation module for a display card wt1ich is a heat 
radiation module which can effectively decrease the operating temperature of the 
display card. A first heat radiation fin part and a second heat radiation fin part are 
arranged on the heat radiation module for a display card. A concave holding fan paii is 
arranged between the first heat radiation fin part and the second heat radiation fin part 
At least one radiation fan is vertically arranged in the holding fan part The height of the 
heat radiation module can be effectively decreased because the radiation fan is deeply 
arranged in the heat radiation module. When the radiation fan rotates, the convection 
current bet,.Neen the thermal current in the first heat radiation fin part and the second 
heat radiation fin part and the outside air can be accelerated. The heat on the heat 
radiation module is quickly emitted. The radiation efficiency of the display card is 
raised. 
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Thermal Control System for an Electronic Display 

Inventors: William Dunn, Tim Hubbard, Ware Bedell 

Technical Field 

[0001] The exemplary embodiments generally relate to cooling systems and in 

particular to cooling systems for electronic displays. 

Background of the Art 

[0002] Conductive and convective heat transfer systems for electronic displays 

generally attempt to remove heat from the electronic components in a display through 

as many sidewalls of the display as possible. In order to do this, the systems of the past 

have relied primarily on fans for moving internal air within the housing past the 

components to be cooled and out of the display. These components are typically 

power supplies. In some cases, the heated air is moved into convectively thermal 

communication with fins. 

[0003] While such heat transfer systems have enjoyed a measure of success in the 

past, improvements to displays and new display applications require even greater 

cooling capabilities. In particular, cooling devices for electronic displays of the past 

have generally used convective heat dissipation systems that function to cool only the 

rear interior portion of the display. When used outdoors or in other warm environments, 

this is not adequate, especially when radiative heat transfer from the sun through a 

front display surface becomes a major factor. In many applications 200 Watts or more 

of power through a front display surface is common. Furthermore, the market is 

demanding larger screen sizes for displays. With increased electronic display screen 

size and corresponding front display surface size more heat will be generated and more 

heat will be transmitted into the displays. Also, when displays are used in outdoor 

environments the ambient air may contain contaminates (dust, dirt, pollen, water vapor, 

brake dust, sand, smoke, etc.) which, if ingested into the display for cooling the interior 

can cause damage to the interior components of the display. 
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[0004] Modern displays (especially those which are used outdoors) have become 

increasingly brighter, with some backlights producing 1,000-2,000 nits or more. In order 

to produce this level of brightness, illumination devices such as CCFL assemblies, 

LEDs, organic LEDs, and plasma assemblies may produce a relatively large amount of 

heat. Further, the illumination devices require a relatively large amount of power in 

order to generate the required brightness level. This large amount of power is typically 

supplied through one or more power supplies for the display. These power supplies 

may also become a significant source of heat for the display. 

[0005] A large fluctuation in temperature is common when devices of the past are 

used in outdoor environments, direct sunlight, or other difficult thermal environments. 

Such temperature fluctuation adversely affects both the lifetime and the performance of 

the electronic components in these devices. 

Summary of the Exemplary Embodiments 

[0006] While the systems of the past have attempted to remove heat only through the 

non-display sides and rear components of an electronic display, a preferred 

embodiment may cause convective heat transfer from the front face of the image 

assembly as well (the side which faces an intended viewer). These preferred 

embodiments may comprise two separate flow paths for gas through an electronic 

display. A first flow path may be a closed loop and a second flow path may be an open 

loop. The closed loop path travels across the front surface of the image assembly, 

continues to the rear of the display where it may enter a heat exchanger, finally 

returning to the front surface of the image assembly. The open loop path draws gas 

(ex. ambient air) through the rear of the display (possibly through a heat exchanger) 

and then exhausts it out of the display housing. A heat exchanger may be used to 

transfer heat from the closed loop to the open loop and exhausted out of the display. 

Optionally, the open loop may also be forced behind the image assembly (sometimes a 

backlight other times an OLEO or other type of image-producing assembly), in order to 

cool the image assembly and/or backlight assembly (if a backlight is necessary for the 
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particular type of display being used). A cross-flow heat exchanger may be used in an 

exemplary embodiment. 

[0007] Other embodiments relate to a system for cooling the following portions of an 

electronic display, either alone or in combination: (1) power module(s), (2) backlight, 

and (3) front display surface. Power modules with heat dissipating assemblies (ex. cold 

plates and/or heat sinks) may be used with some embodiments where the side of the 

power module containing the heat dissipating assembly is placed in the path of ambient 

gas while the side of the power module containing sensitive electrical components 

remains in a separate environment. An isolating structure may provide the necessary 

gaseous (and sometimes particulate/contaminate) isolation between the two sides of 

the power modules. The closed loop may or may not be used when cooling the power 

modules with an open loop of ambient gas. 

[0008] Backlights with a front and rear sides may be used with some embodiments for 

LCD displays where the front side contains the illumination devices and the rear side 

contains a thermally conductive surface for dissipating the heat from the illumination 

devices. Ideally, there should be a low level of thermal resistance between the front 

and rear sides of the backlights. 

[0009] Other embodiments may place the power modules in thermal communication 

with a plurality of thermally conductive ribs where the ribs are placed in the path of 

cooling air (sometimes ambient gas). The heat from the power modules is distributed 

throughout the ribs and removed by the cooling air. It has been discovered that forcing 

air through the relatively narrow channels defined by the ribs improves the ability to 

remove heat from the power modules. 

[0010] In another embodiment, both the power modules and the display backlight (or 

image assembly) are in thermal communication with the ribs. In this way, a single path 

of cooling air (sometimes ambient gas) can be used to cool two of the warmest 

components of a typical electronic display. For example, and not by way of limitation, 

LED arrays are commonly used as the illumination devices for LCD displays. It has 

been found that the optical properties of LEDs (and other illumination devices) can vary 

depending on temperature. Thus, when an LED is exposed to room temperatures, it 

may output light with a certain luminance, wavelength, and/or color temperature. 
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However, when the same LED is exposed to high temperatures, the luminance, 

wavelength, color temperature, and other properties can vary. Thus, when a 

temperature variation occurs across an LED backlight (some areas are at a higher 

temperature than others) there can be optical inconsistencies across the backlight 

which can be visible to the observer. By using the embodiments herein, heat buildup 

can be evenly distributed across the ribs and removed from the display. This can 

prevent any potential 'hot spots' in the backlight which may become visible to the 

observer because of a change in optical properties of the illumination devices 

(sometimes, but not always LEDs). In other embodiments, the image assembly (rather 

than a backlight) is in thermal communication with the ribs. The image assembly may 

comprise any form of electronic assembly for generating an image, including but not 

limited to: LCD, light emitting diode (LED), organic light emitting diode (OLEO), field 

emitting displays (FED), light-emitting polymers (LEP), plasma displays, and any other 

flat/thin panel displays. 

[0011] The ribs may provide an isolated chamber from the rest of the display so that 

ambient air can be ingested and used to cool the ribs. This is beneficial for situations 

where the display is being used in an outdoor environment and the ingested air may 

contain contaminates (pollen, dirt, dust, water, smoke, etc.) that would damage the 

sensitive electronic components of the display. 

[0012] If a backlight is used with the particular display application, a backlight with 

front and rear sides may be used where the front side contains the illumination devices 

and the rear side contains a thermally conductive surface for dissipating the heat from 

the illumination devices. Ideally, there should be a low level of thermal resistance 

between the front and rear sides of the backlights. An exemplary embodiment contains 

a metal core PCB with LEDs on the front side and a metallic surface on the rear side. 

[0013] By the aspects described below, the exemplary embodiments herein have 

made consistent cooling possible for large electronic displays, even in hot climates and 

placed in direct sunlight. The embodiments also do not require any form of air 

conditioner (although it may be used if desired), which reduces the space and energy 

requirements for the display. 
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[0014] The foregoing and other features and advantages of the exemplary 

embodiments will be apparent from the following more detailed description of the 

particular embodiments of the invention, as illustrated in the accompanying drawings. 

Brief Description of the Drawings 

[0015] A better understanding of an exemplary embodiment 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: 

[0016] FIGURE 1 is a perspective view of a typical power module; 

[0017] FIGURE 2 is a perspective view of two power modules installed within an 

isolating structure; 

[0018] FIGURE 3 is a perspective view of an embodiment where the cooling air may 

be used to cool the power modules and a backlight assembly; 

[0019] FIGURE 4 is a perspective view of an embodiment which is similar to that 

which was shown in Figure 3 with the exception that a heat sink is now being used with 

the power modules; 

[0020] FIGURE 5 shows a perspective view of an embodiment where a plurality of 

channels are created between the backlight assembly and the isolating structure; 

[0021] FIGURE 7 shows a perspective section view of another embodiment which 

uses a thermally-conductive plate and thermally-conductive ribs; 

[0022] FIGURE 8 shows a perspective section view of another embodiment where the 

ribs are used to distribute heat from and cool a backlight assembly; 

[0023] FIGURE 9 is a rear perspective view of an embodiment where the rear cover 

of the display has been removed; 

[0024] FIGURE 10A is a perspective section view of another embodiment showing the 

closed loop and open loop channels; 

[0025] FIGURE 108 is a perspective section view similar to the view shown in Figure 

1 OA where the rear and side covers have been removed; 
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[0026] FIGURE 11 is a perspective section view of another embodiment showing inlet 

and exhaust apertures for the ambient gas which is used only within the heat exchanger 

and not within additional optional channels; and 

[0027] FIGURE 12 is a perspective section view of an exemplary embodiment where 

a cross-flow heat exchanger is used to separate high power and low power electrical 

assemblies. 

Detailed Description 

[0028] FIGURE 1 shows one embodiment of a typical power module 7 which may be 

used with some of the embodiment described herein. A printed circuit board 6 may be 

attached to the power module 7 and may contain a plurality of electronic components 5 

which may be necessary to operate and control the power module 7. These electronic 

components 5 may include, but are no means limited to resistors, capacitors, op-amps, 

wire harnesses, connectors, and inductors. A baseplate 8 may be attached to the 

power module 7 and may act as a heat dissipating assembly for the power module 7, 

such that heat which is generated by the power module 7 is transferred to the baseplate 

8. In some embodiments there may be more components used, such as a conductive 

pad located between the power module and the baseplate 8. Also, as discussed further 

below, any type of heat sink or fin assembly may be used with the baseplate 8 to further 

enhance its thermodynamic properties. There may be conductive pads placed between 

the baseplate 8 and a heat sink assembly also. 

[0029] FIGURE 2 shows two power modules installed within an isolating structure 9 

which substantially prevents gaseous and contaminate communication between the two 

sides of the power module. The baseplates 8 of the power modules are shown on the 

side of the isolating structure 9 where surrounding-environment cooling air 4 is 

designed to pass over the baseplates 8. Gaskets 11 may be used to provide a 

gaseous (and/or contaminate) seal between the power modules and the isolating 

structure 9. Cooling air 4 is sometimes drawn from the environment surrounding the 

display. This environment may contain harmful contaminates which could damage 

various electrical components in the display. These harmful contaminates include, but 
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are not limited to: dust, smoke, pollen, water vapor, other harmful particulate and other 

harmful gases. Thus, one of the purposes for the isolating structure 9 is to prevent the 

surrounding-environment cooling air 4 from contacting some of the sensitive electronic 

components of the display, including but not limited to the electronic components 5 

(shown in Figure 1) which are required to operate and control the power modules. By 

mounting the power modules within the isolating structure 9, surrounding-environment 

cooling air 4 can be drawn into the display housing and forced over the baseplates 8 

(and optional heatsinks and fins) in order to cool the power modules. This can be 

accomplished without exposing sensitive electronic components to the potentially 

harmful surrounding-environment cooling air 4. 

[0030] FIGURES 3 and 4 show embodiments where the cooling air 4 may be used to 

cool the power modules and a backlight assembly 140. These embodiments show a 

backlight assembly 140 which contains a plurality of illumination devices ( ex. LEDs) 141 

which are mounted to a printed circuit board (PCB). An exemplary embodiment would 

use a metal core PCB or any other mounting structure which would have a relatively low 

level of thermal resistance so that heat can transfer from the illumination devices 141 to 

the rear surface of the backlight assembly 140 where it can be removed by the cooling 

air 4. The illumination devices 141 could be LED, halogen, CCFL, or any other device 

which produces light. Further, a backlight assembly may not even be necessary for 

some embodiments such as plasma, OLEO, LEP, or FED displays. However, these 

display types are also known to generate heat and where backlight cooling is described 

in this application these methods could also be applied to the cooling of rear surfaces of 

these electronic image assemblies. Thus, where backlight assemblies are shown, a 

plasma, OLEO, FED, or LEP image assembly could be substituted. The electronic 

components 5 may be isolated from the cooling air 4 by using the isolating structure 9. 

[0031] FIGURE 4 shows an embodiment which is similar to that which was shown in 

Figure 3 with the exception that a heat sink 12 is now in thermal communication with 

the power modules in order to further facilitate the transfer of heat away from the power 

modules. It should of course be noted that many types of heat sinks are available 

which are made of many different materials and have many different geometry types. 
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Any form of heat sink is particularly contemplated with various embodiments and may 

be used to satisfy different operating conditions. 

[0032] FIGURE 5 shows another embodiment where a plurality of channels 15 are 

created between the backlight assembly 140 and the isolating structure 9. Channel 

separators 16 may be used to separate each channel 15 and provide structural rigidity 

to the overall assembly. The channel separators 16 would preferably be fabricated out 

of thermally conductive material so that they may also transfer heat between the 

backlight assembly 140 and the isolating structure 9. A thermally conductive channel 

separator 16 can also extract heat from either the backlight assembly 140 or the 

isolating structure 9 and may dissipate the heat into the air moving through the channel 

15. Thus, some channel separators 16 may contain fins or heat sinks in order to 

facilitate heat transfer to the air moving through the channel 15. 

[0033] FIGURE 6 shows a view down a single channel 15 which contains the heat 

sink 12 for a power module which is mounted within the isolating structure 9. Some 

channels 15 may contain power modules and others may not. A channel fan 17 may 

be used to draw air through the channel 15 in order to cool the heat sink 12 (if used) 

and the channel separators 16 (if thermally conductive) as well as the backlight 140 (or 

LED assembly for an LED display). Each channel 15 may contain one or more channel 

fans 17. Some channels may not contain a fan at all, but may rely solely on natural 

convection to allow heat to rise and exit the channel. As will be discussed at length 

below, the fans can be placed anywhere in the display assembly and may be used to 

draw air through the channels, push air through the channels, or a combination of both. 

[0034] While the display is in operation, the channel fans 17 may run continuously. 

Alternatively, temperature sensing devices (not shown) may be placed in each channel 

and used to measure the temperature within the channel or any of the channel 

components (backlight or display assembly, isolating structure, or channel separators). 

Based on data received from these temperature sensing devices, the various fans may 

be selectively engaged depending on which channel requires cooling. Thus, fans 17 

which draw air through channels 15 which contain power modules may run more often 

or at higher speeds due to the greater amount of heat coming from the power modules. 
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Also, channels which contain power modules may contain larger fans or a plurality of 

fans in order to cool the channel. 

[0035] FIGURE 7 shows another embodiment which uses a thermally-conductive 

plate 10 and ribs 18. In one embodiment, the baseplate 8 of the power module would 

be in thermal communication with the thermally-conductive plate 10. In other 

embodiments, a baseplate 8 may not be used and instead, the power module 7 would 

be in direct thermal communication with the thermally conductive plate 1 0. Due to the 

thermally-conductive nature of the plate 10 and ribs 18 and the thermal communication 

between them, heat which is produced by the power modules would be distributed 

throughout the plate 10 and ribs 18. In an exemplary embodiment, a path of cooling air 

20 (ambient gas) is used to remove the heat which has accumulated on the plate 10 

and ribs 18. Alternatively, a natural convection process could also be used to allow the 

heat to escape the plate 1 0 and ribs 18. 

[0036] A plurality of mounting posts may be used to mount electronic assemblies 

such as PCBs, hard drives, timing and control boards, inductors, and even the power 

modules if desired. The mounting posts may also be thermally conductive so that the 

heat which is generated by these electronic assemblies can also be transferred to the 

plate 10 and the ribs 18 and removed by the cooling air 20. 

[0037] In an exemplary embodiment, the plate 10 would provide a gaseous and 

contaminate barrier between the side containing the ribs 18 (and cooling air 20) and the 

side containing the mounting posts, power modules, and any other electronic 

assemblies. If the plate 1 0 provides an adequate barrier, ambient air may be ingested 

as cooling air 20 and the risk of contaminates entering the side of the plate 1 O 

containing the sensitive electronic components may be reduced or eliminated. An inlet 

aperture 25 may be used to accept the cooling air 20 and direct it along the ribs 18. 

[0038] The ribs 18 shown in this embodiment contain a hollow rectangular cross­

section, but this is not required. Other embodiments may contain ribs with I-beam 

cross-sections, hollow square cross-sections, solid rectangular or solid square cross­

sections, T' cross-sections, 'Z' cross-sections, corrugated or honeycomb cross-section, 

or any combination or mixture of these. It is preferable that the ribs 18 are thermally 

conductive. Metal may be used to produce the ribs 18 in some embodiments. 
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[0039] FIGURE 8 shows another embodiment where the ribs 18 are used to distribute 

heat from and cool a backlight assembly. The backlight assembly in this embodiment 

includes a plurality of illumination devices 32 which are mounted on a thermally 

conductive substrate 30. In an exemplary embodiment, the illumination devices 32 

would be LEDs and the thermally conductive substrate 30 would be a PCB and more 

preferably a metal core PCB. On the surface of the thermally conductive substrate 30 

which faces the ribs 18 there may be a thermally conductive surface 35. In an 

exemplary embodiment, the thermally conductive surface 35 would be metallic and 

more preferably aluminum. It is preferred that the ribs 18 are in thermal communication 

with the rear surface 35 and that the rear surface 35 is in thermal communication with 

the thermally conductive substrate 30. In some embodiments however, the thermally 

conductive substrate 30 may comprise traditional PCB materials rather than a metal 

core PCB or any highly thermally conductive materials. It is most preferable that there 

is a low level of thermal resistance between the illumination devices 32 and the ribs 18. 

Cooling air 20 may again be forced along the ribs 18 in order to remove heat from the 

backlight assembly. Of course, this could also occur through natural convection, but 

more efficient cooling has been typically observed through forced convection. An 

image assembly (such as an OLEO display which may not utilize a backlight) could also 

be used in place of the backlight assembly in order to cool the image assembly. 

[0040] As noted above, many illumination devices (especially LEDs and OLEDs) may 

have performance properties which vary depending on temperature. When 'hot spots' 

are present within a backlight or illumination assembly, these hot spots can result in 

irregularities in the resulting image which might be visible to the end user. Thus, with 

the embodiments described herein, the heat which may be generated by the backlight 

assembly can be distributed throughout the various ribs and thermally-conductive 

surfaces to remove hot spots and cool the backlight. 

[0041] In an exemplary embodiment, the ribs 18 may be used to cool both the 

backlight assembly and the power modules. In a further exemplary embodiment, the 

ribs 18 can also be used to cool any additional electronic assemblies by placing them in 

thermal communication with the thermally-conductive plate 10. Thus, with the ribs 18 in 

a central location, the 'front' would be towards an intended observer of the display while 
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the 'back' would be on the opposite side of an intended observer. Therefore, the front 

side of the ribs 18 would be in thermal communication with a backlight assembly (or 

other illumination or image-producing assembly) and the rear side of the ribs would be 

in thermal communication with a rear plate (i.e. thermally-conductive plate 10). A single 

path of cooling air can then be used to cool the interior of the display while the various 

hot spots can distribute heat throughout the ribs and other thermally conductive 

surfaces to provide the most efficient cooling. This can be accomplished without having 

to expose sensitive electrical components to the contaminates and/or particulate of 

ambient gas. 

[0042] FIGURE 9 shows the rear of an exemplary electronic display 100, where the 

rear cover for the display housing has been removed in order to show the internal 

components. In this embodiment, fan assemblies 102 and 103 for a closed loop of 

circulating gas may be placed along two opposing edges of a heat exchanger 101. 

Preferably, fan assembly 102 is the inlet for the heat exchanger and fan assembly 1 03 

is the exit for the heat exchanger 101. These assemblies can optionally be reversed 

however, where fan assembly 1 03 is the inlet and fan assembly 1 02 is the exit. Further, 

both assemblies 102 and 103 are not required. Some embodiments may use only one 

fan assembly for the closed loop of circulating gas. If only one fan assembly is used, it 

is preferable to place the fan assembly at the inlet of the heat exchanger 101, so that 

the circulating gas is 'pulled' across the front of the image assembly and pushed 

through the heat exchanger 101. This is not required however; other embodiments may 

pull the isolated gas through the heat exchanger 101. Other embodiments may push 

the isolated gas across the front of the image assembly. Fan assemblies 104 and 105 

for an open loop of ambient gas may be placed along two opposing edges of the 

display housing. Again, both assemblies 104 and 105 are not required as some 

embodiments may use only one assembly and may use the open loop fan assemblies 

in a push or pull design. Therefore, when referring to the placement of the various fan 

assemblies, the terms 'push', 'pull', 'force', and 'draw' will be used interchangeably and 

any orientation may be used with the various embodiments herein. 

[0043] The circulating gas which is being forced by the closed loop fan assemblies is 

primarily circulating around the display. For example, the circulating gas travels in a 
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loop where it contacts the front surface of the image assembly (see Figures 1 0A-1 OB) 

and transfers heat from the image assembly to the circulating gas. The circulating gas 

is then preferably directed (or forced, pulled, etc.) into the heat exchanger 101 in order 

to transfer heat from the circulating gas to the ambient gas. Afterwards, the circulating 

gas exits the heat exchanger 101 and may return to the front surface of the image 

assembly. The circulating gas may also pass over several electronic components 11 0 

in order to extract heat from these devices as well. The electronic components 11 0 

may be any components or assemblies used to operate the display including, but not 

limited to: transformers, circuit boards, resistors, capacitors, batteries, power modules, 

motors, inductors, illumination devices, wiring and wiring harnesses, lights, thermo­

electric devices, and switches. In some embodiments, the electrical components 110 

may also include heaters, when the display assembly might be used in cold-weather 

environments. 

[0044] In order to cool the circulating gas (as well as optionally cooling a backlight 

assembly or image assembly as taught above) ambient gas is ingested into the display 

housing by the open loop fan assembly 104 and/or 105. The ambient gas may simply 

be ambient air which is surrounding the display 100. In some embodiments, the 

ambient gas may be air conditioned prior to being drawn into the display by one or more 

air conditioning assemblies (not shown). Once the ambient gas is ingested into the 

display, it may be directed (or forced) through the heat exchanger 101 and optionally 

also across the rear surface of the backlight assembly or image assembly (see Figures 

1 0A-1 OB) or though ribs/channels as shown above or across power modules as shown 

above. By using the heat exchanger 101, heat is transferred from the circulating gas to 

the ambient gas. The heated ambient gas is then expelled out of the display housing. 

[0045] Although not required, it is preferable that the circulating gas and ambient gas 

do not mix. In a preferred embodiment, the heat exchanger 101 would be a cross-flow 

heat exchanger. However, many types of heat exchangers are known and can be used 

with any of the embodiments herein. The heat exchanger 101 may be a cross-flow, 

parallel flow, or counter-flow (tube-within-a-tube or otherwise) heat exchanger. In an 

exemplary embodiment, the heat exchanger 101 would be a cross-flow and would be 

comprised of a plurality of stacked layers of thin plates. The plates may have a 
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corrugated or honeycomb design, where a plurality of channels or pathways travel down 

the plate length-wise. The plates may be stacked such that the directions of the 

pathways are alternated with each adjacent plate, so that each plate's pathways are 

substantially perpendicular to the pathways of the adjacent plates. Thus, gas may 

enter the heat exchanger only through plates whose channels or pathways travel 

parallel to the path of the gas. Because the plates are alternated, the closed loop and 

ambient gases may travel in plates which are adjacent to one another and heat may be 

transferred between the two gases without mixing the gases themselves (if the heat 

exchanger is adequately sealed, which is preferable but not required). 

[0046] In an alternative design, an open gap may be placed in between pairs of 

channelized or honeycomb plates. The open gap may travel in a direction which is 

perpendicular to the channels of the plates. This open gap may be created by running 

two strips of material or tape (esp. very high bond (VHB) tape) between two opposite 

edges of the plates in a direction that is perpendicular to the direction of the channels in 

the adjacent plates. Thus, gas may travel through the open gap (parallel to the strips or 

tape) but would not pass through the open gap in a direction which is perpendicular to 

the strips or tape (parallel to the channels of the adjacent plates). 

[0047] Other types of cross-flow heat exchangers could include a plurality of tubes 

which contain the first gas and travel perpendicular to the path of the second gas. As 

the second gas flows over the tubes containing the first gas, heat is exchanged 

between the two gases. Obviously, there are many types of cross-flow heat 

exchangers and any type would work with the embodiments herein. 

[0048] An exemplary heat exchanger may have plates where the sidewalls are 

relatively thin so that heat can easily be exchanged between the two paths of gas. A 

plurality of materials can be used to create the heat exchanger. Preferably, the material 

used should be corrosion resistant, rot resistant, light weight, and inexpensive. Metals 

are typically used for heat exchangers because of their high thermal conductivity. 

However, it has been discovered that plastics and composites can also satisfy the 

thermal conditions for electronic displays. An exemplary embodiment would utilize 

polypropylene as the material for constructing the plates for the heat exchanger. It has 

been found that although polypropylene may seem like a poor thermal conductor, the 
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large amount of surface area relative to the small material thickness, results in an 

overall thermal resistance that is low. Thus, an exemplary heat exchanger would be 

made of plastic and would thus produce a display assembly that is thin and lightweight. 

Specifically, corrugated or honeycomb plastic may be used for each plate layer. 

[0049] As mentioned above, both inlet and exit fan assemblies are not required for the 

embodiments. Alternatively, only a single fan assembly may be used for each loop. 

Thus, only an inlet fan assembly may be used with the closed loop and only an exhaust 

fan assembly may be used with the open loop. Alternatively, one of the loops may 

have both inlet and exit fan assemblies while the other loop only has either an inlet or 

exit assembly. 

[0050] The gas used in both loops can be any number of gaseous matters. In some 

embodiments, air may be used as the gas for both loops. Preferably, the gas which 

travels through the closed loop should be substantially clear, so that when it passes in 

front of the image assembly it will not affect the appearance of the image to a viewer. 

The gas which travels through the closed loop should also be substantially free of 

contaminates and/or particulate (ex. dust, dirt, pollen, water vapor, smoke, etc.) in order 

to prevent an adverse effect on the image quality and damage to the internal electronic 

components. It may also be preferable to keep the gas within the open loop from 

having contaminates. An optional filter (not shown) may be used to ensure that the air 

(either in the closed or open loop) stays free of contaminates. However, in an 

exemplary embodiment the open loop may be designed so that contaminates could 

possibly be present within the ambient gas but this will not harm the display. In these 

embodiments, the heat exchanger (and the optional path behind the image assembly or 

backlight or through the ribs) is properly sealed so that any contaminates in the ambient 

gas would not enter sensitive portions of the display. Thus, in these exemplary 

embodiments, ingesting ambient air for the ambient gas, even if the ambient air 

contains contaminates, will not harm the display. This can be particularly beneficial 

when the display is used in outdoor environments or indoor environments where 

contaminates are present in the ambient air. 

[0051] FIGURE 10A shows a cross-section of another embodiment of a display 200. 

In this figure, the rear cover 250 and side covers 251 and 252 are shown to illustrate 
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one method for sealing the overall display 200. The image assembly 220 is shown near 

the front of the display 200. As discussed above, the image assembly 220 may 

comprise any form of electronic assembly for generating an image, including but not 

limited to: LCD, light emitting diode (LED), organic light emitting diode (OLEO), field 

emitting displays (FED), light-emitting polymers (LEP), plasma displays, and any other 

flat/thin panel displays. The front display surface 221 is placed in front of the image 

assembly 220, defining a channel 290 through which the circulating gas may flow. The 

front display surface 221 may be any transparent material (glass, plastic, or composite) 

and may comprise several layers for polarizing light, reducing glare or reflections, and 

protecting the internal display components. In an exemplary embodiment, the front 

display surface 221 would comprise two panes of glass which are laminated together 

with optical adhesive (preferably index-matching). Further, a polarizing layer may be 

attached to one of the panes of glass in order to reduce the internal reflections and 

solar loading on the image assembly 220. It is most preferable that the polarizing layer 

be attached to the inner surface of the front display surface 221 (the one facing the 

closed loop channel 290) and also contain an anti-reflective (AR) coating. 

[0052] For the embodiment shown in Figure 1 0A, the image assembly 220 may be 

an LCD stack with a backlight assembly 222. Some backlights may use cold cathode 

fluorescent lamps (CCFLs) to produce the illumination necessary for generating an 

image. In an exemplary embodiment, the backlight assembly 222 would comprise a 

printed circuit board (PCB) with a plurality of LEDs (light emitting diodes) on the front 

surface. As discussed above, an exemplary embodiment would have a low level of 

thermal resistance between the front surface of the backlight assembly 222 and the 

rear surface 223 of the backlight. A metallic PCB may be used for this purpose. The 

rear surface 223 of the backlight may contain a thermally conductive material, such as 

a metal. Aluminum may be an exemplary material for the rear surface 223. A second 

surface (or plate) 224 may be placed in close proximity behind the rear surface 223 of 

the backlight assembly 222. The space between the rear surface 223 of the backlight 

and the second surface 224 may define an additional optional open loop channel 225 

through which ambient gas may travel in order to cool the backlight assembly 222. This 
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open loop channel 225 may be similar to the channel 15 shown above, except open 

loop channel 225 may be narrower. 

[0053] FIGURE 10B shows the same cross section from Figure 1 0A with the rear 

cover 250 and side covers 251 and 252 removed and the closed and open loop air 

flows shown for explanatory purposes. The closed loop fan assembly 202 is used to 

propel the circulating gas 210 around the closed loop. A first open loop fan assembly 

203 may be used to draw ambient gas 211 through the heat exchanger 201. 

Optionally, a second open loop fan assembly 204 may be used to draw ambient gas 

212 through the optional channel 225 for cooling the backlight assembly 222. The 

optional second open loop fan assembly 204 can also be used to exhaust ambient gas 

which has traveled through the heat exchanger 201 and through the channel 225. If a 

second open loop fan assembly 204 is not used, the first open loop fan assembly 203 

may be used to exhaust the ambient gas 211 that has traveled through the heat 

exchanger 201. 

[0054] As noted above, in an exemplary embodiment the ambient gas does not mix 

with the circulating gas. It may be important for the image quality that the circulating 

gas remains free of particulate and contaminates as this gas travels in front of the 

image assembly 220. Since gas for the open loop may contain various contaminates, a 

preferable embodiment should be adequately sealed to prevent the gas from the two 

loops from mixing. This is not necessary however, as filters (either removable or 

permanent) may be used to minimize the effect of particulate for both the open and 

closed loops. 

[0055] FIGURE 11 is a perspective section view of another embodiment of a display 

assembly 600 showing inlet 60 and exhaust 65 apertures for the ambient gas 20. The 

inlet aperture 60 may contain a screen or filter (removable or permanent) to remove any 

particulate (although this may not be necessary). One or more fans 50 may be used to 

draw the ambient gas 20 into the inlet aperture 60 and through the heat exchanger 201. 

In this embodiment, the ambient gas 20 is only drawn through the heat exchanger 201 

and not through any additional optional channels or ribs. This embodiment may be 

used when the display assembly 80 (or backlight assembly) does not require the 

additional cooling of an additional channel. For example, and not by way of limitation, 
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this embodiment 600 may be used when an OLEO is used as the image assembly 80. 

Further, this embodiment 600 may be used when the LCD backlight is not generating 

large amounts of heat because it is not required to be extremely bright (perhaps 

because it is not used in direct sunlight). Still further, this embodiment may be used 

when the ambient gas 20 contains particulate or contaminates which may damage the 

display. In these situations, it may be desirable to limit the exposure of the display to 

the ambient gas 20. Thus, in these situations it may be desirable to only ingest ambient 

gas 20 into the heat exchanger 201 and not through any additional cooling channels. 

[0056] In some embodiments, the ambient gas 20 may be air conditioned (or 

otherwise cooled) before it is directed into the heat exchanger 201. A front display 

surface 221 may be used to create an anterior (front) wall of the channel 290 and/or 

protect the image assembly 80 from damage. An exemplary front display surface 221 

may be glass. Another embodiment for the front display surface 221 may be two panes 

of glass which are laminated together using optical adhesive. Solar loading (radiative 

heat transfer from the sun through the front display surface 221 may result in a heat 

buildup on the image assembly 80 (ex. OLEO or LCD assembly). This heat may be 

transferred to the circulating gas, where this heat may then be transferred to the 

ambient gas 20 and expelled from the display. The image assembly could be any one 

of the following: LCD, plasma display assembly, OLEO, light emitting polymer (LEP) 

assembly, organic electro luminescence (OEL) assembly, or LED display assembly. 

[0057] FIGURE 12 shows an exemplary embodiment where a circulating gas 400 is 

forced between a front display surface 221 and an image assembly 80 and then through 

a heat exchanger 201 in order to remove at least a portion of the heat absorbed from 

the image assembly 80 and front display surface 221. The circulating gas 400 may be 

propelled by a closed loop fan assembly 410. The heat exchanger 201 may accept 

circulating gas 400 in one direction while accepting ambient gas 31 0 in a substantially 

perpendicular direction such that heat may transfer between the two gases. 

[0058] In this embodiment, an optional additional flow of ambient gas 300 is accepted 

through the inlet aperture 350 and directed along channel 225 in order to cool the rear 

portion of the image assembly 80 (possibly a backlight). This embodiment uses a set of 

ribs 18, similar to the designs shown above in Figures 7 and 8. This embodiment also 
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uses a thermally-conductive plate 10, similar to the one shown in Figure 7. When this 

optional additional flow of ambient gas 300 is used, it is preferable that the anterior 

(front) surface 500 of the channel 225 be thermally conductive and preferably in thermal 

communication with at least a portion (preferably the rear portion) of the image 

assembly 80. Inlet aperture 350 may accept both ambient gas 310 and 300, or there 

may be separate inlet apertures for each flow of gas 310 and 300. 

[0059] Similar to some of the previously described embodiments, the circulating gas 

400 also passes over electronic assemblies in order to accept heat from these 

electronic assemblies. In this exemplary embodiment, the electronic assemblies have 

been separated by the heat exchanger 201 into two groups. The first group of 

electronic assemblies 900 may be considered the high power assemblies and may 

include but are not limited to: power modules, inductors, transformers, and other power­

related devices. The second group of electronic assemblies 910 may be considered 

the low power assemblies and may include but are not limited to: timing and control 

boards, hard drives and other storage devices, video cards, software drivers, 

microprocessors, and other control devices. It is known to those skilled in the art that 

some high power electronic assemblies can cause electrical interference with other 

electronic assemblies that may be sensitive to electrical interference. Thus, in the 

exemplary embodiment shown, the heat exchanger 201 is used to separate the lower 

power electronic assemblies 910 from the high power electronic assemblies 900 to 

ensure a minimum amount of interference between the two. Further, some high power 

electronic assemblies 900 are known to also generate heat. This heat may be 

transferred to the circulating gas 400 prior to introducing this gas into the heat 

exchanger 201. In the exemplary embodiment shown, ambient air can be ingested as 

the ambient gas 310 and there is little risk of damage to the electrical assemblies 910 

and 900 because the ambient gas 310 would preferably never contact these electrical 

assemblies. However, the electrical assemblies 910 and 900 will remain cool (as well 

as clean and dry) because of the cross-flow from the circulating gas 400. 

[0060] The cooling system described herein may run continuously. However, if 

desired, temperature sensing devices (not shown) may be incorporated within the 

electronic display to detect when temperatures have reached a predetermined 
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threshold value. In such a case, the various cooling 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 to advantageously keep 

the display within an acceptable temperature range. Typical thermostat assemblies can 

be used to accomplish this task. Thermocouples may be used as the temperature 

sensing devices. The speed of the various fan assemblies can also be varied 

depending on the temperature within the display. 

[0061] It should be particularly noted that the spirit and scope of the disclosed 

embodiments provides for the cooling of any type of electronic display. By way of 

example and not by way of limitation, embodiments may be used in conjunction with 

any of the following: LCD (all types), light emitting diode (LED), organic light emitting 

diode (OLEO), field emitting display (FED), light emitting polymer (LEP), organic electro 

luminescence (OEL), plasma displays, and any other type of thin/flat panel display. 

Furthermore, embodiments may be used with displays of other types including those 

not yet discovered. In particular, it is contemplated that the system may be well suited 

for use with large LED backlit, high definition (1080i or 1080p or greater) liquid crystal 

displays (LCD). While the embodiments described herein are well suited for outdoor 

environments, they may also be appropriate for indoor applications (e.g., 

factory/industrial environments, spas, locker rooms, kitchens, bathrooms) where 

thermal stability of the display may be at risk. 

[0062] It should also be noted that the variety of cooling channels that are shown in 

the figures may be shown in a horizontal or vertical arrangement but it is clearly 

contemplated that this can be reversed or changed depending on the particular 

embodiment. Thus, the closed loop may run horizontally or vertically and in a clock­

wise or counter-clockwise direction. Further, the open loop may also be horizontal or 

vertical and can run left to right, right to left, and top to bottom, or bottom to top. 

[0063] Having shown and described preferred embodiments, those skilled in the art 

will realize that many variations and modifications may be made to affect the described 

invention and still be within the scope of the claimed invention. Additionally, many of 

the elements indicated above may be altered or replaced by different elements which 
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will provide the same result and fall within the spirit of the claimed invention. It is the 

intention, therefore, to limit the invention only as indicated by the scope of the claims. 
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CLAIMS 

1. A cooling system for an electronic image assembly having a front and back portion, 

the system comprising: 

a front display surface spaced apart from the front portion of the electronic image 

assembly; 

a channel defined by the space between the front display surface and the front 

portion of the electronic image assembly; 

a heat exchanger in gaseous communication with the channel, the heat 

exchanger having first and second gas pathways, where the first gas 

pathway is in gaseous communication with the channel; 

a first fan assembly positioned so as to force circulating gas through the channel 

and the first gas pathway; and 

a second fan assembly positioned so as to force ambient gas through the 

second gas pathway. 

2. The cooling system of claim 1 wherein: 

the heat exchanger is a cross-flow heat exchanger. 

3. The cooling system of claim 1 further comprising: 

a plate spaced apart from the rear portion of the electronic image assembly; 

a second channel defined by the space between the plate and the rear portion of 

the electronic image assembly; and 

wherein the second fan assembly is further positioned so as to force ambient 

gas through the second channel. 
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4. The cooling system of claim 3 further comprising: 

a power module in electrical communication with the electronic image assembly; 

and 

a heat sink in thermal communication with the power module and placed within 

the second channel. 

5. The cooling system of any one of claims 3 or 4 further comprising: 

a plurality of ribs placed within the second channel. 

6. An electronic display assembly comprising: 

an electronic image assembly; 

an isolating structure space apart from the electronic image assembly; 

a channel defined by the space between the isolating structure and the 

electronic image assembly; 

a power module having electronic components on a first side and a heat sink on 

the second side, where the power module is attached to the isolating 

structure so that the heat sink is within the channel and the electronic 

components are outside the channel; and 

a fan positioned so as to draw ambient gas through the channel. 

7. The electronic display assembly of claim 6 further comprising: 
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a rib placed within the channel and in thermal communication with the isolating 

structure. 

8. The electronic display assembly of claim 7 further comprising: 

a surface placed within the channel and in thermal communication with the 

electronic image assembly and the rib; 

9. The electronic display assembly of any one of claims 6, 7, or 8 wherein: 

the electronic image assembly is a liquid crystal display. 

10. The electronic display assembly of any one of claims 6, 7, or 8 wherein: 

the electronic image assembly is an OLED display. 

11. An electronic display assembly comprising: 

an electronic image assembly having a front and rear portion; 

a surface on the rear portion of the electronic image assembly and in thermal 

communication with the electronic image assembly; 

a plate spaced apart from the surface; 

a first channel defined by the space between the plate and the surface; 

a power module in electrical communication with the electronic image assembly 

and in thermal communication with the plate; and 

a first fan positioned so as to draw ambient gas through the first channel. 
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12. The electronic display assembly of claim 11 further comprising: 

a rib placed within the first channel and in thermal communication with the plate 

and the surface. 

13. The electronic display assembly of claim 12 further comprising: 

a front display surface spaced apart from the front portion of the electronic image 

assembly; 

a second channel defined by the space between the front display surface and 

the front portion of the electronic image assembly; 

a heat exchanger in gaseous communication with the second channel, the heat 

exchanger having first and second gas pathways, where the first gas 

pathway is in gaseous communication with the second channel; 

a second fan positioned so as to force ambient gas through the second gas 

pathway; and 

a third fan positioned so as to force circulating gas through the second channel 

and the first gas pathway. 

14. The electronic display assembly of any one of claims 11 through 13 wherein: 

the electronic image assembly is a LCD. 

15. The electronic display assembly of any one of claims 11 through 13 wherein: 

the electronic image assembly is an OLEO. 
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Expanded Heat Sink for Electronic Displays and Method of Producing 

the Same 

Inventors: William Dunn, Bill Swatt, and Tim Hubbard 

Cross-Reference to Related Applications 

[0001] This application claims priority to U.S. Application No. 61/372,942, filed on 

August 12, 2010, herein incorporated by reference in its entirety. This application claims 

priority to U.S. Application No. 13/206,596 filed on August 10, 2011, herein 

incorporated by reference in its entirety. 

Technical Field 

[0002] Exemplary embodiments generally relate to cooling systems and in particular 

to cooling systems for electronic displays. 

Background of the Art 

[0003] Conductive and convective heat transfer systems for electronic displays 

generally attempt to remove heat from the electronic components in a display through 

the sidewalls of the display. Components such as power modules, which are known for 

producing a large amount of heat may have a 'heat sink' attached to the component 

which provides an expanded surface area so that heat may be transferred away from 

the component. These heat sinks have previously been limited to only the size of the 

power module itself. 

[0004] Modern displays have become extremely bright, with some LCD backlights 

producing 1,000-2,000 nits or more. Sometimes, these illumination levels are 

necessary because the display is being used outdoors, or in other relatively bright areas 

where the display illumination must compete with other ambient light. In order to 

produce this level of brightness, illumination devices (ex. fluorescent lamps, LED, 

organic LED (OLEO), light emitting polymer (LEP), organic electro luminescence (OEL), 

and plasma assemblies) may produce a relatively large amount of heat. Further, the 

illumination devices require a relatively large amount of power in order to generate the 
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required brightness level. This large amount of power is typically supplied through one 

or more power supplies for the display. These power supplies may also become a 

significant source of heat for the display. 

[0005] Further, previous electronic displays were primarily designed for operation near 

room temperature. However, it is now desirable to have displays which are capable of 

withstanding large surrounding environmental temperature variations. For example, 

some displays are designed for operation at temperatures as low as -22F and as high 

as 113 F or higher. When surrounding temperatures rise, the cooling of the internal 

display components can become even more difficult. 

[0006] Still further, in some situations radiative heat transfer from the sun through the 

front portion of the display can also become a source of heat. Furthermore, the market 

is demanding larger screen sizes for displays. With increased electronic display screen 

size and corresponding front display surfaces, more heat will be generated and more 

heat will be transmitted into the displays. 
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Summary of the Exemplary Embodiments 

[0007] Exemplary embodiments relate to a system for cooling various components of 

an electronic display. The exemplary embodiments may be used to cool the power 

module(s) or power transformer(s), backlight (if used in the particular display), and other 

internal components of an electronic display, either alone or in combination. The 

component(s) may be placed in thermal communication with a continuous conductive 

sheet which may be placed in the path of cooling air. The heat from the components 

are distributed throughout the continuous conductive sheet and removed by the cooling 

air. Some embodiments may place the continuous conductive sheet between a pair of 

substantially parallel plates (which may also be conductive and may be in thermal 

communication with the continuous conductive sheet and one or more components). 

[0008] In one embodiment where the electronic display is a liquid crystal display, 

power modules and the display backlight may be placed in thermal communication with 

the continuous conductive sheet. In this way, a single path of cooling air can be used 

to cool two of the most heat-producing components of a typical LCD. For example, and 

not by way of limitation, LED arrays are commonly used as the illumination devices for 

LCD backlights. It has been found that the optical properties of LEDs (and other 

illumination devices) can vary depending on temperature. Thus, when an LED is 

exposed to room temperatures, it may output light with a certain luminance, 

wavelength, and/or color temperature. However, when the same LED is exposed to 

high temperatures, the luminance, wavelength, color temperature, and other properties 

can vary. Thus, when a temperature variation occurs across an LED backlight (some 

areas are at a higher temperature than others) there can be optical inconsistencies 

across the backlight which can be visible to the observer. By using the exemplary 

embodiments herein, heat buildup can be evenly distributed across the continuous 

conductive sheet and removed from the display. This can prevent any potential 'hot 

spots' in the backlight which may become visible to the observer because of a change 

in optical properties of the LEDs. 

[0009] The continuous conductive sheet may provide an isolated chamber from the 

rest of the display so that ambient air can be ingested and used to cool the continuous 

conductive sheet. This is beneficial for situations where the display is being used in an 

3 

SEC et al. v. MRI 
SEC Exhibit 1022.2659 

IPR2023-00221



WO 2012/021573 PCT/US2011/047174 

outdoor environment and the ingested air may contain contaminates (pollen, dirt, dust, 

water, smoke, etc.) that would damage the sensitive electronic components of the 

display. 

[001 0] The foregoing and other features and advantages will be apparent from the 

following more detailed description of the particular embodiments of the invention, as 

illustrated in the accompanying drawings. 

Brief Description of the Drawings 

[0011] A better understanding of an exemplary embodiment 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: 

[0012] FIGURE 1A is a front perspective section view of an exemplary embodiment 

used to cool an LED backlight; 

[0013] FIGURE 18 is a detailed front perspective section view of insert B from Figure 

1A; 

[0014] FIGURE 2 is a rear perspective view of an embodiment using fans to draw 

cooling air through the channels; 

[0015] FIGURE 3A is a rear perspective section view of an embodiment where the 

cooling fans are placed within the continuous conductive sheet and several 

components are placed within thermal communication with the continuous conductive 

sheet; 

[0016] FIGURE 3B is a rear perspective section view of insert B from Figure 3A; 

[0017] FIGURE 4 is a perspective view of one embodiment for the continuous 

conductive sheet; 

[0018] FIGURE SA is a side view of one embodiment for the continuous conductive 

sheet used within an LED-backlit liquid crystal display; 

[0019] FIGURE 5B is a side view of another embodiment for the continuous 

conductive sheet used to cool a backlight as well as other electrical components; and 

[0020] FIGURE SC is a side view of another embodiment for the continuous 

conductive sheet used within an electronic display. 

4 

SEC et al. v. MRI 
SEC Exhibit 1022.2660 

IPR2023-00221



WO 2012/021573 PCT/US2011/047174 

Detailed Description 

[0021] The invention is described more fully hereinafter with reference to the 

accompanying drawings, in which exemplary embodiments of the invention are shown. 

This invention may, however, be embodied in many different forms and should not be 

construed as limited to the exemplary embodiments set forth herein. Rather, these 

embodiments are provided so that this disclosure will be thorough and complete, and 

will fully convey the scope of the invention to those skilled in the art. In the drawings, 

the size and relative sizes of layers and regions may be exaggerated for clarity. 

[0022] It will be understood that when an element or layer is referred to as being 

"on" another element or layer, the element or layer can be directly on another element 

or layer or intervening elements or layers. In contrast, when an element is referred to as 

being "directly on" another element or layer, there are no intervening elements or layers 

present. Like numbers refer to like elements throughout. As used herein, the term 

"and/or" includes any and all combinations of one or more of the associated listed 

items. 

[0023] It will be understood that, although the terms first, second, third, etc., may be 

used herein to describe various elements, components, regions, layers and/or sections, 

these elements, components, regions, layers and/or sections should not be limited by 

these terms. These terms are only used to distinguish one element, component, region, 

layer or section from another region, layer or section. Thus, a first element, component, 

region, layer or section discussed below could be termed a second element, 

component, region, layer or section without departing from the teachings of the present 

invention. 

[0024] The terminology used herein is for the purpose of describing particular 

embodiments only and is not intended to be limiting of the invention. As used herein, 

the singular forms "a", "an" and "the" are intended to include the plural forms as well, 

unless the context clearly indicates otherwise. It will be further understood that the 

terms "comprises" and/or "comprising," when used in this specification, specify the 

presence of stated features, integers, steps, operations, elements, and/ or components, 

but do not preclude the presence or addition of one or more other features, integers, 

steps, operations, elements, components, and/or groups thereof. 
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[0025] Embodiments of the invention are described herein with reference to cross-

section illustrations that are schematic illustrations of idealized embodiments (and 

intermediate structures) of the invention. As such, variations from the shapes of the 

illustrations as a result, for example, of manufacturing techniques and/or tolerances, are 

to be expected. Thus, embodiments of the invention should not be construed as limited 

to the particular shapes of regions illustrated herein but are to include deviations in 

shapes that result, for example, from manufacturing. 

[0026] For example, an implanted region illustrated as a rectangle will, typically, 

have rounded or curved features and/or a gradient of implant concentration at its edges 

rather than a binary change from implanted to non-implanted region. Likewise, a buried 

region formed by implantation may result in some implantation in the region between 

the buried region and the surface through which the implantation takes place. Thus, the 

regions illustrated in the figures are schematic in nature and their shapes are not 

intended to illustrate the actual shape of a region of a device and are not intended to 

limit the scope of the invention. 

[0027] Unless otherwise defined, all terms (including technical and scientific terms) 

used herein have the same meaning as commonly understood by one of ordinary skill 

in the art to which this invention belongs. It will be further understood that terms, such 

as those defined in commonly used dictionaries, should be interpreted as having a 

meaning that is consistent with their meaning in the context of the relevant art and will 

not be interpreted in an idealized or overly formal sense unless expressly so defined 

herein. 

[0029] Herein the terms 'front' and 'rear' may be used to describe the relationship 

between the various elements shown in the various embodiments. The term 'front' is 

used herein to denote a direction towards the intended observer of the electronic 

display. The term 'rear' is used herein to denote a direction away from the intended 

observer of the electronic display. 

[0030] FIGURE 1A is a front perspective section view of an exemplary embodiment 

used to cool an LED backlight 100 (or an LED display). In this embodiment, the 

continuous conductive sheet 500 is placed adjacent to the LED backlight 100 and used 

to create a plurality of channels 150. Preferably, the LED backlight 100 is in thermal 
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communication with the continuous conductive sheet 500. Thus, heat which is 

generated by the LED backlight 100 is transferred to the continuous conductive sheet 

500 and removed by cooling air 1 0. 

[0031] FIGURE 18 is a detailed front perspective section view of insert B from Figure 

1 A. In this embodiment, the continuous conductive sheet 500 is placed between a front 

plate 180 and a rear plate 125 in order to create the channels 150. The front plate 180 

is preferably in thermal communication with the LED backlight 100 and the continuous 

conductive sheet 500. The rear plate 125 may also be in thermal communication with 

the continuous conductive sheet 500. The thermal communication may be conductive, 

convective, radiative, or any combination of these. Preferably, the thermal 

communication is at least conductive. 

[0032] The LED backlight 100 and front plate 180, front plate 180 and continuous 

conductive sheet 500, and the continuous conductive sheet 500 and rear plate 125 may 

be fastened to one another using any number of different techniques, including but not 

limited to: mechanical fasteners, adhesives, double-sided tape, welding, or other similar 

techniques. Each component may be attached to one another using similar or different 

methods. It is preferable that the chosen technique permits thermal communication 

between the components (if desired). In some embodiments the thermal 

communication between components may be accomplished by simply placing the 

components in contact with one-another or in close proximity to one another. Some 

embodiments may use a combination of the fastening techniques above. Thus, an 

exemplary embodiment may use both mechanical fasteners as well as an adhesive 

(preferably a thermally conductive adhesive) or double-sided tape. An exemplary type 

of double-sided tape would be Very High Bond (VHB™) tape commercially available 

from 3M™ Saint Paul, MN. wvvw.3M.com An exemplary form of mechanical fasteners 

would be rivets or screws/bolts. 

[0033] FIGURE 2 is a rear perspective view of an embodiment using fans 225 to draw 

cooling air 10 through the channels 150. Inlet apertures 200 allow the fans 225 to draw 

cooling air 1 0 in between the rear plate 125 and front plate 180 and along the channels 

150. The cooling air 10 can then be exhausted out of the exit apertures 210. A single 

fan may be used in some embodiments, while several fans (even more than shown in 
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Figure 2) could be used in other embodiments. Of course, the fans 225 could instead 

be placed at the inlet apertures 200 and used to 'push' the cooling air 10 through the 

channels 150 rather than 'pull' (as shown in Figure 2). Further, fans could be placed at 

both the inlet apertures 200 and exit apertures 210 to both push and pull the cooling air 

10 through the system. 

[0034] FIGURE 3A is a rear perspective section view of an embodiment where the 

cooling fans 300 are placed within the continuous conductive sheet 500 and electronic 

components 800 are placed in thermal communication with the continuous conductive 

sheet 500. In this embodiment, cooling air 10 is drawn into the inlet apertures 310 by 

fans 300 which are placed along the length of the continuous conductive sheet 500. 

Thus, in this embodiment the fans 300 perform both a 'pull' and 'push' of the cooling air 

10 through the channels 150. Electronic components 800 may be placed in thermal 

communication with the continuous conductive sheet 500 by establishing thermal 

communication between the electronic components 800 and the rear plate 125 (which 

is preferably in thermal communication with the continuous conductive sheet 500 in this 

embodiment). 

[0035] The electronic components 800 may be any electronic component used in an 

electronic display which generates heat. The electronic components 800 are preferably 

in electrical communication with the electronic display assembly. Some embodiments 

may use power supplies/modules or power transformers as the electronic components 

800. 

[0036] FIGURE 3B is a rear perspective section view of insert B from Figure 3A. In 

this embodiment, the continuous conductive sheet 500 is placed between a front plate 

180 and a rear plate 125 in order to create the channels 150. As discussed further 

below, a front plate 180 may not be necessary in some embodiments. Thus, in some 

embodiments the continuous conductive sheet 500 may be directly fastened to the rear 

portion of the LED backlight 100 (or another rear portion of an electronic display, 

especially an OLEO assembly). 

[0037] In this embodiment, a portion of the front plate 180 overlaps a portion of the 

rear plate 125 to create an overlap section 350. Here, heat is permitted to transfer 

directly between the edges of the rear plate 125 and front plate 180 and allows the 
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thermal energy to quickly and evenly spread throughout the plates and the continuous 

conductive sheet 500. 

[0038] FIGURE 4 is a perspective view of one embodiment for the continuous 

conductive sheet 500. 

[0039] FIGURE SA is a side view of one embodiment for the continuous conductive 

sheet 500 used within an LED-backlit liquid crystal display. In this embodiment, the 

LED backlight 100 is attached to and in thermal communication with the front plate 180; 

which is attached to and in thermal communication with the continuous conductive 

sheet 500. A liquid crystal assembly 550 is placed in front of the LED backlight 100. 

The liquid crystal assembly 550 may contain several layers and is well known in the art. 

Typically, the liquid crystal assembly 550 contains two transparent plates with liquid 

crystal material sandwiched in between the two plates. An electrode of some type is 

typically used to orient the liquid crystal material. Additional layers may also be used to 

orienVpolarize light, color filter the light, and provide anti-reflective or protective 

properties. These layers have not been shown as they are well-known in the art and 

are not critical to these embodiments of the invention. 

[0040] Here, the rear plate 125 may not be in thermal communication with the 

continuous conductive sheet 500 but may only provide structure for the channels and/or 

structural support to the assembly. Of course, it is preferable that the rear plate 125 

and the continuous conductive sheet 500 are in thermal communication so that heat 

can be more effectively and evenly distributed and removed. Ideally, there should be 

a low level of thermal resistance between the front and rear sides of the backlight 100. 

An exemplary embodiment may utilize a metal core PCB with LEDs on the front side 

and a metallic surface (or otherwise thermally conductive surface) on the rear side. 

[0041] Generally, the continuous conductive sheet 500 may be described as four 

continuous portions, which are generally repeated to create the overall structure. For 

this embodiment, the first portion 600 runs parallel to and adjacent with the front plate 

180. The second portion 610 extends from the first portion 600 at angle 8 1 towards the 

rear plate 125. The third portion 620 extends from the second portion 61 O and runs 

parallel to and adjacent with the rear plate 125. The fourth portion 630 extends from 

the third portion 620 at angle 82 towards the front plate 180. The four portions may 
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then be repeated to create the continuous conductive sheet 500. Thus, the fourth 

portion 630 may continue to a second series of portions, starting with another portion 

similar to the previous first portion 600. In some embodiments, angle 81 may be 

substantially equal to angle 0 2• While in other embodiments, angle 0 1 may be different 

than angle 82. 

[0042] In other words, when oriented horizontally and viewed along the direction of 

the cooling air (the side view shown in Figure SA) the continuous conductive sheet 500 

may be formed to create a series of four-sided polygons, each one having a bottom 

side (portion 620), left side (portion 610), right side (portion 630), and a top side (in this 

polygon supplied by front plate 180) where either the top or bottom side is absent from 

each polygon. For the embodiment shown in Figure SA, the absent side of the polygon 

alternates between the top side and bottom side for each adjacent polygon. An 

exemplary version of the embodiment shown in this figure may be formed of stamped 

or bent sheet metal. 

[0043] FIGURE 5B is a side view of another embodiment for the continuous 

conductive sheet 750 used to cool a backlight 700 as well as other electrical 

components 800. In this embodiment, the continuous conductive sheet 750 is attached 

to and in thermal communication directly with the backlight 700 (thus, there is no 

separate front plate used). A liquid crystal assembly 550 is placed in front of the 

backlight 700, which may be LED driven or may be any other means for illuminating the 

rear portion of the liquid crystal assembly 550. An additional electrical component 800 

is placed in electrical communication with the backlight 700 and/or liquid crystal 

assembly 550 and is in thermal communication with the rear plate 705. Here, heat 

which is produced by the electrical component 800 may be transferred to the rear 

surface 704 of the rear plate 705, where it may then be transferred to the front surface 

706 of the rear plate 705. The cooling air can remove the heat from the front surface 

706 of the rear plate 705. Additionally, the heat may be transferred from the front 

surface 706 of the rear plate 705 to the continuous conductive sheet 750 where it may 

spread throughout the continuous conductive sheet 750 and ultimately removed by the 

cooling air. 
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[0044] Again, this embodiment of the continuous conductive sheet 750 may be 

described as four continuous portions, which are generally repeated to create the 

overall structure. For this embodiment, the first portion 710 runs parallel to and 

adjacent with the backlight 700. The second portion 715 extends from the first portion 

71 0 at angle 8 3 towards the rear plate 705. The third portion 720 extends from the 

second portion 715 and runs parallel to and adjacent with the rear plate 705. The 

fourth portion 725 extends from the third portion 720 at angle 8 4 towards the backlight 

700. The four portions may then be repeated to create the continuous conductive 

sheet 750. Thus, the fourth portion 725 may continue to a second series of portions, 

starting with another portion similar to the previous first portion 710. In some 

embodiments, angle 8 3 may be substantially equal to angle 8 4 . While in other 

embodiments, angle 83 may be different than angle 84. In this particular embodiment, 

both angles 8 3 and 8 4 are near 90 degrees, or perpendicular to the backlight 700 and 

rear plate 705 and/or first portion 710 and third portion 720. 

[0045] In other words, when oriented horizontally and viewed along the direction of 

the cooling air (the side view shown in Figure 5B) the continuous conductive sheet 750 

may be formed to create a series of four-sided polygons, each one having a bottom 

side (portion 720), left side (portion 715), right side (portion 725), and a top side (in this 

polygon supplied by backlight 700) where either the top or bottom side is absent from 

each polygon. For the embodiment shown in Figure 5B, the absent side of the polygon 

alternates between the top side and bottom side for each adjacent polygon. An 

exemplary version of the embodiment shown in this figure may be formed of stamped 

or bent sheet metal. 

[0046] FIGURE SC is a side view of another embodiment for the continuous 

conductive sheet 760 used within an electronic display. Here, the continuous 

conductive sheet 760 is attached to and in thermal communication with the front plate 

701 which is attached to and in thermal communication with an electronic display 

assembly 560. In this embodiment, the continuous conductive sheet 760 may be used 

to cool a type of electronic display that does not require a backlight device. Thus, the 

electronic display assembly 560 could be, but is not limited to any one of the following 

types of displays: OLEO, LED, light emitting polymer (LEP), organic electro 
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luminescence (OEL), and plasma. The heat which is generated by the electronic 

display assembly 560 can be transferred to the front plate 701 where it can be 

transferred to the continuous conductive sheet 760 and removed by the cooling air. 

Additionally, radiative heat transfer from sunlight can also cause a heat buildup upon 

the electronic display assembly 560. This heat can also be transferred to the 

continuous conductive sheet 760 and removed by the cooling air. Here, the rear plate 

705 may not be in thermal communication with the continuous conductive sheet 760 but 

may only provide structure for the channels and/or structural support to the assembly. 

Of course, it is preferable that the rear plate 705 and the continuous conductive sheet 

760 are in thermal communication so that heat can be more effectively and evenly 

distributed and removed. 

[0047] Again, this embodiment of the continuous conductive sheet 760 may be 

described as four continuous portions, which are generally repeated to create the 

overall structure. For this embodiment, the first portion 770 runs parallel to and 

adjacent with the front plate 701. The second portion 775 extends from the first portion 

770 at angle 0 5 towards the rear plate 705. The third portion 780 extends from the 

second portion 775 and runs parallel to and adjacent with the rear plate 705. The 

fourth portion 785 extends from the third portion 780 at angle 06 towards the front plate 

701. The four portions may then be repeated to create the continuous conductive 

sheet 760. Thus, the fourth portion 785 may continue to a second series of portions, 

starting with another portion similar to the previous first portion 770. In some 

embodiments, angle 0s may be substantially equal to angle 85. While in other 

embodiments, angle 0 5 may be different than angle 0 6 . 

[0048] In other words, when oriented horizontally and viewed along the direction of 

the cooling air (the side view shown in Figure 5C) the continuous conductive sheet 760 

may be formed to create a series of four-sided polygons, each one having a bottom 

side (portion 780), left side (portion 775), right side (portion 785), and a top side (in this 

polygon supplied by front plate 701) where either the top or bottom side is absent from 

each polygon. For the embodiment shown in Figure 5C, the absent side of the polygon 

alternates between the top side and bottom side for each adjacent polygon. An 
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exemplary version of the embodiment shown in this figure may be formed of bent sheet 

metal. 

[0049] Electronic displays are produced in a variety of sizes and orientations, 

including but not limited to both landscape and portrait orientations. Any of the 

embodiments herein can be used to cool the various types, sizes, and orientations of 

electronic displays. Further, the channels may be oriented in a vertical manner, and the 

cooling air may travel from top to bottom or from bottom to top. Still further, the 

channels may be oriented in a horizontal manner, and the cooling air can travel left to 

right or right to left. 

[0050] While the embodiments of the continuous conductive sheet have been 

generally described as containing four portions which repeat themselves, other 

embodiments could use a mixture of different designs. Thus, some embodiments may 

not repeat the same four portions over and over. Some embodiments could use four 

portions from the continuous conductive sheet 750 of Figure 5B, followed by four 

portions from the continuous conductive sheet 500 of Figure 5A. Of course, any 

number of different combinations could be used, depending on the materials and 

manufacturing process used to construct the particular continuous conductive sheet. 

[0051] It should be noted that the embodiments herein do not require that a singular 

continuous conductive sheet is used to cool the entire electronic display. A plurality of 

smaller continuous conductive sheets may be used in order to cool the display. The 

smaller continuous conductive sheets may be connected to each other and in thermal 

communication with one another or they may be spaced apart from one another. Thus, 

as used herein the term 'continuous' does not require that the entire display is cooled 

with a single conductive sheet. The term 'continuous' as used herein defines a single 

element that can be placed between two substantially planar objects to create at least 

two channels. 

[0052] Further, the term 'thermal communication' as used herein does not require 

direct thermal communication, i.e. there may be intermediate devices or layers in­

between the two components which are still considered to be in 'thermal 

communication.' Conductive heat transfer is one type of thermal communication and is 

preferable with the exemplary embodiments herein. Convective thermal communication 
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is one type of thermal communication which is preferable between the continuous 

conductive sheet and the cooling air. 

[0053] The continuous conductive sheets have been shown herein with relatively 

constant cross-sectional thicknesses but this is also not required. Some portions of the 

continuous conductive sheets may be thicker or thinner than other portions and some 

may even contain fins or additional extended surface areas for removing the absorbed 

heat. 

[0054] It is preferable that the front plate, rear plate, and continuous conductive sheet 

are comprised of materials which are thermally conductive. Metals have been found to 

be exemplary materials for these components. More specifically, sheet metals and 

even more specifically aluminum sheet metals are preferable. However, many 

thermally conductive plastics and composite materials can also perform adequately. 

Specifically, polypropylene sheets would be within the scope of the various 

embodiments. 

[0055] In an exemplary embodiment, the front and rear plates would provide a 

gaseous and contaminate barrier between the space between them (containing the 

continuous conductive sheet) and the rest of the display. If the plates provide an 

adequate barrier, ambient air may be ingested as cooling air 1 0 and the risk of 

contaminates entering the portions of the display containing the sensitive electronic 

components may be reduced or eliminated. 

[0056] As noted above, many illumination devices (especially LEDs and OLEDs) may 

have performance properties which vary depending on temperature. When 'hot spots' 

are present within a backlight or illumination assembly, these hot spots can result in 

irregularities in the resulting image which might be visible to the end user. Thus, with 

the embodiments described herein, the heat which may be generated by the backlight 

assembly can be distributed (somewhat evenly) throughout the various ribs and 

thermally-conductive surfaces to remove hot spots and cool the backlight. 

[0057] The cooling system may run continuously. However, if desired, temperature 

sensing devices (not shown) may be incorporated within the electronic display to detect 

when temperatures have reached a predetermined threshold value. In such a case, the 

various cooling fans may be selectively engaged when the temperature in the display 
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reaches a predetermined value. Predetermined thresholds may be selected and the 

system may be configured to advantageously keep the display within an acceptable 

temperature range. Typical thermostat assemblies can be used to accomplish this 

task. Thermocouples may be used as the temperature sensing devices. 

[0058] It is to be understood that the spirit and scope of the disclosed embodiments 

provides for the cooling of many types of displays. By way of example and not by way 

of limitation, embodiments may be used in conjunction with any of the following: LCD 

(all types), light emitting diode (LED), organic light emitting diode (OLEO), field emitting 

display (FED), light emitting polymer (LEP), organic electro luminescence (OEL), 

plasma displays, and any other type of flat panel electronic display. Furthermore, 

embodiments may be used with displays of other types including those not yet 

discovered. In particular, it is contemplated that the system may be well suited for use 

with full color, flat panel OLEO displays. Exemplary embodiments may also utilize large 

(55 inches or more) LED backlit, high definition (1080i or 1080p or greater) liquid crystal 

displays (LCD). While the embodiments described herein are well suited for outdoor 

environments, they may also be appropriate for indoor applications (e.g., 

factory/industrial environments, spas, locker rooms) where thermal stability of the 

display may be at risk. 

[0059] Although fans are shown with some of the embodiments herein, they are not 

required for all embodiments. While forced convection (using fans) is preferable, 

natural or un-forced convection (no fans) may also produce acceptable results and is 

within the scope of the invention. 

[0060] The relative sizing of each component shown in the figures is not to be 

interpreted as a requirement of the invention or that they are accurately drawn to scale. 

Some components have been enlarged for clarity. Other components have been 

simplified for clarity. 

[0061] Having shown and described preferred embodiments, those skilled in the art 

will realize that many variations and modifications may be made to affect the described 

embodiments and still be within the scope of the claimed invention. Additionally, many 

of the elements indicated above may be altered or replaced by different elements which 
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will provide the same result and fall within the spirit of the claimed invention. It is the 

intention, therefore, to limit the invention only as indicated by the scope of the claims. 
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CLAIMS 

1 . An expanded heat sink for transferring heat from an electronic display component to 

a path of cooling air, the expanded heat sink comprising: 

a continuous sheet when viewed along the path of the cooling air and oriented 

horizontally, defines a series of four-sided polygons having top, bottom, 

left side, and right side portions where either the top or bottom portions 

are absent from each polygon. 

2. The heat sink of claim 1 wherein: 

the absent portion of the polygon alternates between the top and bottom portion 

for each adjacent polygon. 

3. The heat sink of claim 1 wherein: 

the four-sided polygons are trapezoids. 

4. The heat sink of any one of claims 1-3 wherein: 

the top and bottom portions are substantially parallel. 

5. The heat sink of claim 1 wherein: 

the four-sided polygons are rectangles. 

6. The heat sink of any claim 1 further comprising: 

a front plate placed above the continuous sheet; and 
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a rear plate place below the continuous sheet. 

7. The heat sink of claim 6 wherein: 

the front plate is placed so as to supply the missing top portion of the polygons; 

and 

the rear plate is placed so as to supply the missing bottom portion of the 

polygons. 

8. A liquid crystal display (LCD) comprising: 

the heat sink of claim 6; 

an LED backlight placed above and in thermal communication with the front 

plate; and 

a liquid crystal assembly placed above the LED backlight. 

9. The LCD of claim 8 further comprising: 

a fan positioned to draw cooling air between the front plate and rear plate and 

along the continuous sheet. 

10. The LCD of any one of claims 8-9 wherein: 

the LED backlight is placed in conductive thermal communication with the front 

plate. 
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11. An expanded heat sink for transferring heat from an electronic display component to 

a path of cooling air, the expanded heat sink comprising: 

a substantially planar front plate; 

a substantially planar rear plate placed parallel to the front plate; and 

a continuous sheet placed between the front and rear plates to define a series of 

channels for accepting the cooling air. 

12. The heat sink of claim 11 wherein: 

the continuous sheet contains a series of four portions: 

the first portion running substantially parallel to the front plate, 

the second portion extending from the first portion and towards the rear 

plate at a first angle, 

the third portion extending from the second portion and substantially 

parallel to the rear plate, and 

the fourth portion extending from the third portion and towards the front 

plate at a second angle. 

13. The heat sink of claim 12 wherein: 

the first portions are in contact with the front plate, and 

the third portions are in contact with the rear plate. 

14. The heat sink of claim 12 wherein: 

the first and second angles are substantially equal. 

19 

SEC et al. v. MRI 
SEC Exhibit 1022.2675 

IPR2023-00221



WO 2012/021573 PCT/US2011/047174 

15. The heat sink of claim 12 wherein: 

the first and second angles are each less than ninety degrees. 

16. An electronic display comprising: 

the heat sink of claim 11; 

an electronic display assembly placed in front of and in thermal communication 

with the front plate; and 

a fan positioned to draw cooling air through the channels. 

17. The electronic display of claim 16 further comprising: 

an electrical component in conductive thermal communication with the rear plate. 

18. The electronic display of claim 17 wherein: 

the electrical component is any one of the following: power module, power 

supply, and power transformer. 

19. A liquid crystal display (LCD) comprising: 

the heat sink of claim 1; 

an LED backlight placed above and in thermal communication with the 

continuous sheet; 

a liquid crystal assembly placed above the LED backlight; 

a rear plate placed behind and in thermal communication with the continuous 

sheet; and 

a fan positioned to draw cooling air between the LED backlight and rear plate 

and along the continuous sheet. 
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20. The LCD of claim 19 further comprising: 

an electrical component in conductive thermal communication with the rear plate. 
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Back Pan Cooling Assembly for Electronic Display 

Cross-Reference to Related Applications 

[0001] This application claims priority to US Application No. 61/714,381 filed on 

October 16, 2012 and is herein incorporated by reference in its entirety. 

Technical Field 

[0002] Embodiments generally relate to a cooling assembly for the back pan of an 

electronic display. 

Background of the Art 

[0003] Electronic displays are now being used for a variety of applications, in addition 

to the traditional in-home viewing applications. It is now desirable for electronic displays 

to be used as restaurant menu boards, advertising, and general informational purposes. 

Each application may require a different set of electronic assemblies, in order to drive 

the electronic display and provide any ancillary services related to the electronic display 

and its purpose. Electronic displays are typically manufactured in standard sizes, 

shapes, and with standard electronic components. 

Summary of the Exemplary Embodiments 

[0004] One exemplary embodiment provides a cooling back pan that is positioned 

behind the rear pan of an electronic display, where the space between the cooling back 

pan and the rear pan defines a gap. A fan is preferably positioned so as to cause a flow 

of ambient air through the gap, cooling the rear pan and the cooling back pan. 

Electronic components for operating the electronic display can be mounted to the 

cooling back pan and preferably are placed in conductive thermal communication with 

the cooling back pan. 
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[0005] The foregoing and other features and advantages of the present invention will 

be apparent from the following more detailed description of the particular embodiments, 

as illustrated in the accompanying drawings. 

Brief Description of the Drawings 

[0006] A better understanding of an exemplary embodiment 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: 

[0007] FIGURE 1 is a rear perspective view of an exemplary back pan cooling 

assembly. 

[0008] FIGURE 2 is a sectional view of the embodiment shown in Figure 1. 

Detailed Description 

[0009] The invention is described more fully hereinafter with reference to the 

accompanying drawings, in which exemplary embodiments of the invention are shown. 

This invention may, however, be embodied in many different forms and should not be 

construed as limited to the exemplary embodiments set forth herein. Rather, these 

embodiments are provided so that this disclosure will be thorough and complete, and 

will fully convey the scope of the invention to those skilled in the art. In the drawings, the 

size and relative sizes of layers and regions may be exaggerated for clarity. 

[0010] The terminology used herein is for the purpose of describing particular 

embodiments only and is not intended to be limiting of the invention. As used herein, the 

singular forms "a", "an" and ''the" are intended to include the plural forms as well, unless 

the context clearly indicates otherwise. It will be further understood that the terms 

"comprises" and/or "comprising," when used in this specification, specify the 

presence of stated features, integers, steps, operations, elements, and/ or components, 

but do not preclude the presence or addition of one or more other features, integers, 

steps, operations, elements, components, and/or groups thereof. 

[0011] Embodiments of the invention are described herein with reference to 

illustrations that are schematic illustrations of idealized embodiments (and intermediate 
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structures) of the invention. As such, variations from the shapes of the illustrations as a 

result, for example, of manufacturing techniques and/or tolerances, are to be expected. 

Thus, embodiments of the invention should not be construed as limited to the particular 

shapes of regions illustrated herein but are to include deviations in shapes that result, 

for example, from manufacturing. 

[0012] Unless otherwise defined, all terms (including technical and scientific terms) 

used herein have the same meaning as commonly understood by one of ordinary skill in 

the art to which this invention belongs. It will be further understood that terms, such as 

those defined in commonly used dictionaries, should be interpreted as having a 

meaning that is consistent with their meaning in the context of the relevant art and will 

not be interpreted in an idealized or overly formal sense unless expressly so defined 

herein. 

[0013] FIGURE 1 is a rear perspective view of an exemplary back pan cooling 

assembly where the rear cover 100 has been removed. An electronic display 15 is 

provided on the bottom with an exemplary cooling back pan 45 positioned on the top. 

The electronic display 15 contains a rear pan 22 on the rear surface of the electronic 

display 15 (i.e. on the side opposing an intended observer). The rear pan 22 is often a 

component in mass-manufactured electronic displays and typically provides mounts for 

electronic subassemblies or housings to go with the electronic display. In some 

embodiments, the rear pan 22 is metallic. As used herein, the term 'rear pan' does not 

require that the pan is actually the one that came with the originally mass-manufactured 

display, as this component may be upgraded from its originally mass-manufactured 

form by downstream manufacturers. 

[0014] Here, electronic components 1 0 and 11 for driving the electronic display 15 are 

fastened to the cooling back pan 45. In an exemplary embodiment, the electronic 

components 10 and 11 may be placed in conductive thermal communication with the 

cooling back pan 22. The electronic components 10 and 11 may contain any one of the 

following: timing and control boards (TCON), power supplies, video 

cards/drivers/players, input/output interfaces, antennas, wireless receivers, modems, 

local electronic storage, and CPU/microprocessors. 
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[0015] The space between the rear pan 22 and the exemplary cooling back pan 45 

defines an air gap 25. The fan 30 is positioned so as to cause a flow of ambient cooling 

air through the gap 25, in order to cool both the rear pan 22 and the cooling back pan 

45. The fan 30 preferably draws ambient air from around the display housing, without 

letting the air enter other portions of the display housing, especially the portions of the 

cooling back pan 45 which contain the electronic components 10 and 11 (i.e. the 

portions sealed off between the cooling back pan 45 and the rear cover 100). In other 

words, the fan 30 is preferably placed in sealed gaseous communication with the 

surrounding ambient air and the gap 25 such that ambient air can pass through the fan 

30 and gap 25 without entering the area sealed by the cooling back pan 45 and rear 

cover 100. 

[0016] In at least one embodiment, a port 150 is provided which provides sealed 

gaseous communication between the ambient air surrounding the display housing and 

the fan 30. Once forced through the gap 25, the cooling air can exit any portion of the 

perimeter of the rear pan 22 and cooling back pan 45 assemblies, and eventually is 

exhausted out of the edges of the display housing. In other words, the gap 25 

preferably extends to all four edges of the display housing and allows ambient air to 

enter/exit the gap 25 along all four edges of the rear pan 22 and cooling back pan 45. 

[0017] FIGURE 2 is a sectional view of the embodiment shown in Figure 1. 

[0018] As can be observed, the cooling back pan 45 can be used to mount any 

number of specialized electrical components 10 and 11 which may be required for the 

end-use of any electronic display. At the same time, the cooling back pan 45 can help 

remove heat from the electronic components 1 0 and 11 as well as the rear pan 22, 

without exposing the sensitive components to ambient air (which may contain dirt, dust, 

or contaminates). 

[0019] It should be noted that although a single fan 30 is shown, this is not required 

by any embodiment as there can be multiple fans positioned on the cooling back pan 45 

in other embodiments. Also, although an exemplary embodiment uses the fan 30 to 

push the cooling air into the gap 25, alternative embodiments could also be used to 

draw air from the edges of the display housing, through the gap 25, and exhaust the air 

through the port 150. It should also be noted that additional fans may be positioned 
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within the cooling back pan 45 in order to circulate air around the interior of the cooling 

back pan 45, without mixing with the ambient air. 

[0020] It should also be noted that it is preferable to place the fan 30 near the center 

of the cooling back pan 45, although this is not required. It may be preferable in some 

instances to place the fan 30 closer to the horizontal top edge of the cooling back pan 

45 (as shown in Figure 2), as the heat generated by the display assembly tends to rise 

where additional flow rates of cooling air would be beneficial in this area. In most 

cases, if using only one fan 30, it may be preferable to place the fan near the vertically­

drawn centerline of the cooling back pan 45. 

[0021] As used herein, the term 'electronic display' is any electronic assembly for 

generating an image to a viewer. The term specifically includes, but is not limited to: 

liquid crystal displays (all types), OLEO, light emitting diode (LED), field emitting display 

(FED), light emitting polymer (LEP), organic electro luminescence (OEL), plasma 

displays, and any other type of thin/flat panel display. In an exemplary embodiment, the 

electronic display 15 comprises an LED edge lit LCD display where the LED backlight is 

placed in conductive thermal communication with the rear pan 22. In another 

exemplary embodiment, the electronic display 15 comprises an LED direct backlit LCD 

display where the rear pan 22 is provided as the rear surface of the direct LED 

backlight. 

[0022] Having shown and described a preferred embodiment of the invention, those 

skilled in the art will realize that many variations and modifications may be made to 

affect the described invention and still be within the scope of the claimed invention. 

Additionally, many of the elements indicated above may be altered or replaced by 

different elements which will provide the same result and fall within the spirit of the 

claimed invention. It is the intention, therefore, to limit the invention only as indicated by 

the scope of the claims. 
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CLAIMS 

We claim: 

PCT/US2013/065264 

1. A back pan cooling assembly for an electronic display having a rear pan, the 

assembly comprising: 

a cooling back pan positioned behind the rear pan, the space between the 

cooling back pan and the rear pan defining a gap; 

a fan positioned to cause a flow of ambient air through the gap; and 

an electronic component for driving the electronic display, placed in conductive 

thermal communication with the cooling back pan. 

2. The cooling assembly of claim 1 wherein: 

the fan is sealed within the cooling back pan such that ambient air is not 

permitted to contact the electronic component. 

3. The cooling assembly of claim 1 wherein: 

the electronic display is in conductive thermal communication with the rear pan. 

4. The cooling assembly of claim 1 further comprising: 

an LED backlight within the electronic display and placed in thermal 

communication with the rear pan. 

5. The cooling assembly of claim 1 wherein: 

the rear pan and cooling back pan each contain four perimeter edges which are 

substantially aligned with one another. 

6. The cooling assembly of claim 5 wherein: 

the gap extends to all four perimeter edges of the rear pan and cooling back pan. 

7. The cooling assembly of claim 5 wherein: 

ambient air is permitted to enter the gap along all four perimeter edges. 
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8. The cooling assembly of claim 1 wherein: 

the rear pan comprises the rear surface of a direct-lit LED backlight. 

9. The cooling assembly of claim 1 further comprising: 

a port in gaseous communication with the fan such that ambient air is drawn 

through the port and exhausted out of the gap. 

10. The cooling assembly of claim 1 further comprising: 

a port in gaseous communication with the fan such that ambient air is drawn 

through the gap and exhausted out of the port. 

11 . A back pan cooling assembly for an electronic display having a rear pan, the 

assembly comprising: 

a cooling back pan positioned behind the rear pan, the space between the 

cooling back pan and the rear pan defining a gap; 

a rear cover positioned on the cooling back pan to define a rear compartment 

which is sealed to prevent ambient air from entering the rear 

compartment; 

a port which accepts ambient gas; 

an open loop gaseous pathway defined by gaseous communication between the 

port, fan, and gap; and 

a fan positioned to cause a flow of ambient air through the open loop gaseous 

pathway. 

12. The cooling assembly of claim 11 further comprising: 

an electronic component for operating the electronic display, placed within the 

compartment and mounted to the cooling back pan. 

13. The cooling assembly of claim 11 wherein: 
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the rear pan and cooling back pan each contain four perimeter edges which are 

substantially aligned with one another. 

14. The cooling assembly of claim 13 wherein: 

the gap extends to all four perimeter edges of the rear pan and cooling back pan. 

15. The cooling assembly of claim 11 wherein: 

the fan is oriented such that ambient air is drawn through the port and exhausted 

out of the gap. 

16. The cooling assembly of claim 11 wherein: 

the fan is oriented such that ambient air is drawn through the gap and exhausted 

out of the port. 

17. A back pan cooling assembly for an electronic display having a rear pan with a pair 

of vertical edges and a pair of horizontal edges, the assembly comprising: 

a cooling back pan having a pair of vertical edges substantially aligned with the 

vertical edges of the rear pan and a pair of horizontal edges which are 

substantially aligned with the horizontal edges of the rear pan; 

a gap defined between the cooling back pan and rear pan which extends to each 

horizontal edge to define a pair of horizontal edge gaps and to each 

vertical edge to define a pair of vertical edge gaps; and 

a fan positioned to cause ambient air to flow through the vertical edge gaps and 

the horizontal edge gaps. 

18. The cooling assembly of claim 17 wherein: 

the fan is positioned near a center of the cooling back pan. 

19. The cooling assembly of claim 17 further comprising: 

an LED backlight within the electronic display which is placed in conductive 

thermal communication with the rear pan. 
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20. The cooling assembly of claim 17 further comprising: 

a rear cover positioned on the cooling back pan to define a rear compartment 

which is sealed to prevent ambient air from entering the rear 

compartment; 

a port within the rear cover; and 

an open loop gaseous pathway defined by gaseous communication between the 

port, fan, and the edge gaps. 
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FIGURE EIGHT CLOSED LOOP COOLING SYSTEM FOR ELECTRONIC 

DISPLAY 

Inventors: William Dunn and Kevin O'Conner 

Cross-Reference to Related Applications 

[0001] This application claims priority to US Provisional Application No. 61/843,706 

filed on July 8, 2013 which is herein incorporated by reference in its entirety. 

Technical Field 

[0002] Embodiments generally relate to cooling systems for electronic displays. 

Background of the Art 

[0003] Electronic displays are sometimes used in outdoor environments or other 

areas where the surrounding temperatures may be high or there may be other sources 

of heat such as solar loading causing the temperatures within the display to rise. 

However, some portions of the display can be difficult to cool as simply ingesting 

ambient air into some portions of the display can introduce dust and contaminates into 

sensitive portions of the display, which can lead to premature failures. 

Summary of the Exemplary Embodiments 

[0004] Exemplary embodiments provide a figure eight closed loop circulating gas path 

which defines a center channel for the closed loop of circulating gas. A pair of open 

loop ambient air channels may be placed on opposite sides of the center channel, in 

order to remove heat from at least the center channel and the closed loop circulating 
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gas. One or more open loop ambient air pathways may pass through the figure eight 

but do not allow the circulating gas and the ambient air to mix. In some embodiments, 

the open loop ambient air pathway travels along a rear surface of the electronic display. 

In some embodiments, the circulating gas pathways contain a front channel placed in 

front of the electronic display, a rear channel placed behind the electronic display, and a 

center channel placed between the front and rear channels. Pass-through apertures 

may be placed within the path of the circulating gas and/or the ambient air to allow the 

paths of the two gaseous matters to cross without allowing them to mix with one 

another. 

[000S]The foregoing and other features and advantages of the present invention will be 

apparent from the following more detailed description of the particular embodiments, as 

illustrated in the accompanying drawings. 

Brief Description of the Drawings 

[0006] A better understanding of an exemplary embodiment 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: 

[0007] FIGURE 1 is a simplified illustration of an exemplary embodiment of the figure 

eight closed loop cooling system. 

[0008] FIGURE 2 is a side rear perspective view showing the overall assembly of the 

display with the rear cover removed and indicating the section line 3-3. 

[0009] FIGURE 3 is a perspective section view taken from the section line 3-3 and 

indicating the locations for Detail 4 and Detail 5. 
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[0010] FIGURE 4 is a detailed perspective section view of Detail 4. 

[0011] FIGURE 5 is a detailed perspective section view of Detail 5. 

[0012] FIGURE 6 is a bottom rear perspective view showing the overall assembly of 

the display and indicating the section line 7-7. 

[0013] FIGURE 7 is a perspective section view taken from the section line 7-7. 

Detailed Description 

[0014] The invention is described more fully hereinafter with reference to the 

accompanying drawings, in which exemplary embodiments of the invention are shown. 

This invention may, however, be embodied in many different forms and should not be 

construed as limited to the exemplary embodiments set forth herein. Rather, these 

embodiments are provided so that this disclosure will be thorough and complete, and 

will fully convey the scope of the invention to those skilled in the art. In the drawings, the 

size and relative sizes of layers and regions may be exaggerated for clarity. 

[0015] The terminology used herein is for the purpose of describing particular 

embodiments only and is not intended to be limiting of the invention. As used herein, the 

singular forms "a", "an" and "the" are intended to include the plural forms as well, unless 

the context clearly indicates otherwise. It will be further understood that the terms 

"comprises" and/or "comprising," when used in this specification, specify the 

presence of stated features, integers, steps, operations, elements, and/ or components, 

but do not preclude the presence or addition of one or more other features, integers, 

steps, operations, elements, components, and/or groups thereof. 
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[0016] Embodiments of the invention are described herein with reference to 

illustrations that are schematic illustrations of idealized embodiments (and intermediate 

structures) of the invention. As such, variations from the shapes of the illustrations as a 

result, for example, of manufacturing techniques and/or tolerances, are to be expected. 

Thus, embodiments of the invention should not be construed as limited to the particular 

shapes of regions illustrated herein but are to include deviations in shapes that result, 

for example, from manufacturing. 

[0017] Unless otherwise defined, all terms (including technical and scientific terms) 

used herein have the same meaning as commonly understood by one of ordinary skill in 

the art to which this invention belongs. It will be further understood that terms, such as 

those defined in commonly used dictionaries, should be interpreted as having a 

meaning that is consistent with their meaning in the context of the relevant art and will 

not be interpreted in an idealized or overly formal sense unless expressly so defined 

herein. 

[0018] FIGURE 1 is a simplified illustration of an exemplary embodiment of the figure 

eight closed loop cooling system 400. This exemplary embodiment contains a plurality 

of channels in the assembly. The front channel 18 is placed in front of the display 160 

and preferably allows closed loop circulating gas 20 to remove heat from the front of the 

display 160. The front open loop channel 16 is positioned behind the display 160 and 

preferably allows open loop air 15 to pass behind the display 160, removing heat at 

least from the rear portion of the display 160 and the center channel 13. The center 

channel 13 is preferably positioned between the front open loop channel 16 and the rear 

open loop channel 11 and allows closed loop circulating gas 20 to cross paths with itself 
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(creating the figure eight) and to cross paths with the open loop air 10 and 15 without 

allowing the closed loop circulating gas and open loop air to mix. 

[0019] The rear open loop channel 11 is preferably positioned immediately adjacent 

to the center channel 13, and allows open loop air 10 to flow through, thereby removing 

heat from the center channel 13 (and/or the closed loop circulating gas 13 contained 

within) and the rear channel 30. The rear channel 30 is positioned near the rear of the 

display and may contain various electronic components 35 for operating the overall 

display assembly, fans, or the display 160 itself. 

[0020] In an exemplary embodiment, the front channel 18, center channel 13, and 

rear channel 30 are in sealed gaseous communication with each other. In other words, 

these channels do not permit closed loop circulating gas 20 to substantially escape or to 

allow ambient air or open loop air to enter these channels. Also in an exemplary 

embodiment, open loop air 10 and 15 is simply ambient air surrounding the display 

assembly. However, in some embodiments the open loop air 10 and 15 may be treated 

in some way ( ex. filtered, air conditioned, or pre-cooled in some way) prior to being 

ingested into the display assembly. In this particular embodiment, the closed loop fan 

1 00 is positioned within the rear channel 30, although this is not required. All that is 

required is that the closed loop fan 1 00 is positioned to force the closed loop circulating 

gas 20 through the front channel 18, center channel 13, and rear channel 30. The 

closed loop circulating gas 20 can be any gaseous matter that preferably does not 

contain large amounts of particulate. However, it does not have to be pure gas of any 

type; simple clean air works fine with the exemplary embodiments. 
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[0021] FIGURE 2 is a side rear perspective view showing the overall assembly of the 

display with the rear cover removed and indicating the section line 3-3. In this particular 

embodiment, the display assembly is designed for a portrait orientation with the closed 

loop fans 100 positioned at the top of the assembly and the open loop fans 200 

positioned at the bottom of the assembly. This is of course not required however, as 

the embodiments herein can be flipped or oriented for a landscape orientation if desired. 

Further, the open loop fans 200 do not have to be placed at the bottom of the assembly, 

but could be positioned anywhere so that the open loop air travels in the paths specified 

in these exemplary embodiments. It of course goes without saying that additional fans 

could also be used to increase flow rates and/or pressure. 

[0022] FIGURE 3 is a perspective section view taken from the section line 3-3 and 

indicating the locations for Detail 4 and Detail 5. Here, the front channel 18 is defined 

between the front transparent plate 150 and the electronic display 160. In an exemplary 

embodiment the electronic display 160 may be an LED backlit liquid crystal display 

(LCD), but this is not required. Alternative embodiments may utilize any type of flat 

panel electronic display, including but not limited to plasma, OLEO, electroluminescent 

polymers, or similar. In some embodiments, the various electrical components 35 

(power supplies, printed circuit boards, microprocessors, electronic storage, etc.) may 

be attached and in thermal communication with a plate 31 which may form the rear 

portion of channel 11 for open loop air 10. In this way, heat that is generated by the 

electrical components 35 may be transferred to the plate 31, where it can be removed 

by open loop air 10. 
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[0023] FIGURE 4 is a detailed perspective section view of Detail 4. Closed loop 

circulating gas 20 is permitted to pass through the rear open loop channel 11 without 

mixing with the open loop air 1 0 by use of pass-through apertures 200, which provide 

sealed gaseous communication between the rear channel 30 and the center channel 

13, without permitting open loop air 10 to enter the channels 30 and 13. In an 

exemplary embodiment, rear open loop channel 11 may also contain cooling fins 400 

for distributing heat from the adjacent channels (30 and 13) and/or electronic 

components 35 in order to be efficiently removed by the open loop air 10. Similarly, 

front open loop channel 16 may also contain cooling fins 450 for distributing heat from 

the adjacent channels (30 and 18) and/or the rear surface of the display 160 in order to 

be efficiently removed by the open loop air 15. In an exemplary embodiment, the 

display 160 contains a direct lit LED backlight where the cooling fins 450 are placed in 

thermal communication with the LED backlight. The cooling fins 450 and 400 may be 

comprised of any thermally conductive material, but would preferably be comprised of 

metal and in an exemplary embodiment would be a thin sheet (or multiple thin sheets) 

of metal. 

[0024] FIGURE 5 is a detailed perspective section view of Detail 5. Closed loop 

circulating gas 20 is permitted to pass through the front open loop channel 16 without 

mixing with the open loop air 15 by use of pass-through apertures 205, which provide 

sealed gaseous communication between the front channel 18 and the center channel 

13, without permitting open loop air 15 to enter the channels 18 and 13. 

[0025] FIGURE 6 is a bottom rear perspective view showing the overall assembly of 

the display and indicating the section line 7-7. 
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[0026] FIGURE 7 is a perspective section view taken from the section line 7-7. The 

center channel 13 is preferably divided into a plurality of subchannels 300 and 305. On 

this end of the overall assembly, subchannels 300 are in gaseous communication with 

the pass-through apertures 200 (which connects the subchannel 300 with the rear 

channel 30) while subchannels 305 are in gaseous communication with the pass­

through apertures 205 (which connects the subchannel 305 with the front channel 18). 

However, on the opposite end of the assembly (see Figure 3) subchannels 300 are in 

gaseous communication with the pass-through apertures 205 (which connects the 

subchannel 300 with the front channel 18) while subchannels 305 are in gaseous 

communication with the pass-through apertures 200 (which connects the subchannel 

305 with the rear channel 30). In this way, the closed loop of circulating gas 20 travels 

through the front channel 18, through a pass-through aperture to travel along 

subchannel 305, through another pass-through aperture to travel along the rear channel 

30, through another pass-through aperture to travel along the subchannel 300, and 

finally through another pass-through aperture to return to the front channel 18. In this 

way, the closed loop of circulating gas 20 performs the 'figure eight' through the 

assembly, as it weaves its way across the front channel 18, through the center channel 

13, across the rear channel 30, again through the center channel 13, and returning to 

the front channel 18. 

[0027] It should be noted that subchannels 300 and 305 may not be required in some 

embodiments as the center channel 13 could be completely open. It should also be 

noted that other embodiments may use the subchannels 300 and 305 but would not 

allow a single subchannel to communicate gaseously with both the front channel 18 and 
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the rear channel 30. In other words, when viewing the end of the assembly as shown in 

Figure 7, the opposing end of the assembly would be substantially similar. Thus, 

subchannels 300 would only communicate with pass-through apertures 200 and the 

rear channel 30, while the subchannels 305 would only communicate with pass-through 

apertures 205 and front channel 18. Thus, in this embodiment there would be two 

separate closed loops. 

[0028] Although there is preferably gaseous communication throughout the figure 

eight, subchannel 300 directs the flow of closed loop circulating gas 20 through rear 

channel 30 and center channel 13 while subchannel 305 directs the flow of closed loop 

circulating gas 20 through the center channel 13 and front channel 18. In this preferred 

embodiment, the subchannels 300 and 305 allow separate flow paths for closed loop 

circulating gas 20 within the center channel 13, without requiring additional fans. These 

separate flow paths which cross through the center and loop around the display in a 

single continuous flow, define the figure eight path for the closed loop circulating gas 20 

(seen also in Figure 1 ). Further, in this preferred embodiment, the flow direction of 

closed loop circulating gas 20 through the center channel 13 is opposite the flow 

direction of open loop air 15 and 10, creating a counter-flow heat exchanger between 

the center channel 13 and the front/rear open loop channels 11 and 16. However, this 

is not required, as a parallel flow or a cross flow design would work as well. 

[0029] In an exemplary embodiment, the rear channel 30 would share a plate with the 

rear open loop channel 11, such that one side of the plate would be within the rear 

channel 30 while the opposing side of the plate would be within the rear open loop 

channel 11. This arrangement is illustrated in Figure 3 with the rear plate 31. Similarly, 
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it may be preferable for the center channel 13 and the rear open loop 11 to share a 

plate, such that one side of the plate is within the center channel 13 while the other side 

of the plate is within the rear open loop 11. Similarly, it may be preferable for the center 

channel 13 and the front open loop 16 to share a plate. Finally, it may also be 

preferable for the rear surface of the display 160 to form the front wall of the front open 

loop 16, such that open loop ambient air 15 can remove heat from the electronic display 

160. In some embodiments the rear surface of the display 160 would be the rear 

surface of a metallic PCB holding a plurality of LEDs for the backlight. 

[0030] Having shown and described a preferred embodiment of the invention, those 

skilled in the art will realize that many variations and modifications may be made to 

affect the described invention and still be within the scope of the claimed invention. 

Additionally, many of the elements indicated above may be altered or replaced by 

different elements which will provide the same result and fall within the spirit of the 

claimed invention. It is the intention, therefore, to limit the invention only as indicated by 

the scope of the claims. 
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CLAIMS 

We claim: 

1. A cooling assembly for an electronic display comprising: 

PCT/US2014/045766 

a figure eight closed loop of circulating gas pathways wrapping around the 

electronic display; and 

an open loop ambient air pathway passing through the figure eight which does 

not allow circulating gas to mix with ambient gas. 

2. The cooling assembly of claim 1 further comprising: 

a front channel defined between a front surface of the electronic display and a 

transparent plate; 

wherein the figure eight closed loop of circulating gas pathways includes the front 

channel. 

3. The cooling assembly of claim 2 further comprising: 

a rear channel containing electronic components which are mounted to a rear 

plate; 

wherein the figure eight closed loop of circulating gas pathways includes the rear 

channel. 

4. The cooling assembly of claim 3 further comprising: 

a center channel placed between the front channel and rear channel; 
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wherein the figure eight closed loop of circulating gas pathways includes the 

center channel. 

5. The cooling assembly of claim 1 wherein: 

the open loop ambient air pathway travels along a rear surface of the electronic 

display. 

6. The cooling assembly of claim 3 wherein: 

the open loop ambient air pathway travels along a side of the rear plate which is 

opposite the side containing the electronic components. 

7. The cooling assembly of claim 1 further comprising: 

a plurality of pass-through apertures placed within the figure eight closed loop of 

circulating gas pathways. 

8. The cooling assembly of claim 7 wherein: 

the pass-through apertures are arranged such that the circulating gas travels 

through the center of the aperture while the open loop ambient air passes 

around the aperture. 

9. The cooling assembly of claim 7 wherein: 

the pass-through apertures are arranged to prevent the circulating gas from 

mixing with the open loop ambient air. 
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10. A cooling assembly for an electronic display comprising: 

a closed loop of gas pathways for circulating gas comprising 

a front channel placed in front of the electronic display, 

a rear channel placed behind the electronic display, and 

a center channel placed between the front and rear channels; 

a first open loop pathway for ambient air positioned between the electronic 

display and the center channel; and 

a second open loop pathway for ambient air positioned between the center 

channel and the rear channel. 

11 . The cooling assembly of claim 10 further comprising: 

a closed loop fan positioned to force circulating gas through the closed loop of 

gas pathways; and 

an open loop fan positioned to force ambient air through the first and second 

open loop pathways. 

12. The cooling assembly of claim 10 further comprising: 

a rear plate having a posterior and anterior side and placed within the rear 

channel; 

a plurality of electronic components attached to the posterior side of the rear 

plate; and 

wherein the anterior side of the rear plate forms a portion of the second open 

loop pathway. 
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13. The cooling assembly of claim 10 further comprising: 

a plurality of pass-through apertures positioned within the first open loop 

pathway. 

14. The cooling assembly of claim 13 wherein: 

the pass-through apertures contain a hole in the center and are arranged such 

that the circulating gas travels through the hole in the center while the 

ambient air travels around the pass-through aperture. 

15. The cooling assembly of claim 10 wherein: 

the second open loop pathway and the rear channel share a plate such that a 

side of the plate is within the rear channel while an opposing side of the 

plate is within the second open loop pathway. 

16. The cooling assembly of claim 10 wherein: 

the center channel is placed between the first and second open loop pathways. 

17. A cooling assembly for an electronic display comprising: 

a front channel defined by the space between a front surface of the electronic 

display and a transparent plate; 

a first open loop pathway defined by the space between a rear surface of the 

electronic display and a front plate; 
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a rear plate positioned behind the electronic display and having a first side 

forming part of a rear channel and an opposing side forming part of a 

second open loop pathway; 

a center channel placed between the first and second open loop pathways; 

a closed loop fan positioned to force circulating gas through the front channel, 

rear channel, and center channel; and 

an open loop fan positioned to force ambient air through the first and second 

open loop pathways. 

18. The cooling assembly of claim 17 further comprising: 

a plurality of pass-through apertures placed within the path of the circulating gas. 

19. The cooling assembly of claim 17 further comprising: 

a plurality of electronic components attached to the side of the rear plate forming 

part of the rear channel. 

20. The cooling assembly of claim 17 further comprising: 

a plurality of cooling fins placed within the first and second open loop pathways. 
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consumption level for an adjustment section or below. ;COPYRIGHT: (C) 
2008,JPO&INPIT 
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2b '?, m11mifli < 11{12 tu, :;;pl;RJ~ > t::J: ~ -z tm~ut::ffi!Jm~:h6" £. t.:, ~rirW~@'. 2 o 0) 

1#-Wf~:h ~ 1::.lf J: 5 t T 6 t, <#"W~@'. 2 o iiiWJf-t 6iili~:1Jn1::k~ < ~ 6 0 

[ 0024] 

{71J i.. tf, wrirt= {* 6 ?#"W~@'. 2 0 -c·?wWf~jJ ~ 1::.!f 6 t.:~t=ti, ii'l~O)ffitii ~ itt-'?T ;Q:, 

~i.;1S 6 0 £. t.:, ii'l#O)mtii ~~v-tt.:crl)t::;t-."1/7°0)~~:h ~ 1::.lf 6&::,~h'cb 6 t.:~, <#" 
W~ctf2 O0)illfif~:1Jh1::k~ <~c60 -JJ, ~l#t::fi6<#W~@'.2 o-c•iwW1'm:n~J::.!f6 
t.:isbt::ti, ~'AO)i.ffdi ~~-'?T4:?~7J'&) 6 ◊ £ t.:, ~O)i.ffdi~~'\"Tt.:crl) (:: 7 7 .1/0)5~ 
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( 5 ) 

lb1J !- J::.ff -td'.:~h'cb 6 tc::b':l, 1'%:W~@". 2 o OJi¥fl':~1JiJ':k~ < '£ 6" 
[ 0025] 

~!ffi2007-322718(P2007-322718A) 

~:B, ~W~@". 2 o tL Rl~-'?~<iH::f*6~@".tc:ft--Zti7d;'< '"C, ...-z,1,,f- .r. *-¥'£ c:·--z·cb 
-:i-Ctieek\.•◊ 

[0026] 

ffitl!t-t: :;..,,-Jt 3 0 t:L LED 1 0 b•3'ET 6:'/cO"Jffill!t ( i'r'!..IJO !- LED 1 0 m,t:::.t,Uf:lT 6--l: 
1/-t:r ( ~fit--!: ::..,,-it 3 0 r , ~fit--!: ::..,,-it 3 0 g &U~fit--l: :;..,,-Jt 3 0 b ) --z·cb 6 ◊ '£JJ, ~fit 
--l: ::..,,-it 3 0 h'>"~r.@".2' ::h.6 fil@".t:L LED 1 0 i?'3ET 6:'/c0!WJl'.h>1'§itf:luJfI~'('it);fct.L c· C: 

t::~c@". 2' n 't" i eek l, 1 c:. t um~--z· cb 6 , 
[ 0027] 

--r-1,0•:1 V4 otL :cg.LED 1 oh"'3'E--t6:'/c!-~:'/c$:tf5 omat=~<o•1/ r (--r-1, 
D '1/ V 4 0 r, --r-1-::0 "/ f 4 0 gl!ztf"--r-1-::0 '1/ V 4 0 b) '('it) 1), --r-1,:}B:J:k!-fl L­
'"(°\. •6 o 

[ 0028] 

~:'/c$:tf 5 0 tL :cg.LED 1 0 77'3'ET 6:'/c!-Htd3aH-t,Jv6 O@Jlt::~< $:tf ( ~:'/c$:tf 5 
0 r ' ~ :'/c$:tf 5 0 g EH.F~ :'/c$:tf 5 0 b ) 'c\:f) ') ' ftJt±:J:k0%:J:k !-fl vn l 6 0 

[0029] 

Rla~J ,-t,Jv 6 0 tL :cg.LE D 1 0 ii'3'ET 6 :'/c!-$::~T 6 ~~*-¥ Ulia~J ,-t,,i, 6 0 r 

' Wia8a/ ,-t,Jv 6 0 g &U'iWa~J \ ;t,Jv 6 0 b ) 'c'cb 6 0 

[0030] 

:>1'1 7 o1 '1/ 7 7° 1) .7:.:1~ 7 o tL :cg.fW~1,;t,1v 6 o iJ>t:;, teM2 ::h.tc:::'/c!-irftx L-t, iiftx 
2 :t1fc:::'lc!-t9:¥v::..,, .:::( 8 o ffl.H::teMtT 6 o 

[0031] 

t9:¥v :./;z::s O ti, Jl' 17 01 '1/ 77 1) ;;r . .:.L.. 7 0 fpGtf:lMt2::h.tc:::'lc!-flt:k Lt' 7..7 1) 

- ~/ 2 o o J::.t::~ffl !-t9:¥-t 6" 
[ 0032] 

( t9:¥~*jy;~@".0fl.fI~fo '1/ 7 ) 
J;JTt::;t:,\. 1t, *3'E8JlOJffi 1 ~~!l~(::fJ6H¥~*jy;~ct![0fl.1i~fo '1/ 7 t::--::>\. •t, 

[Zlffif!-~~L'£7J' t:,fjGEfJIT 6 0 [ZI 3 ti, *3'E8JjO)ffi 1 ~»~7fJi'l'Jt::f*6t9:¥~~jy;~ct![ 1 0 
o 0fl.~fo '1/ 7 !-jy;'"tt:mc•cb .fi ◊ ~t=>, t:m 3 t·LL *-9%BJH::--::>\. 'ltBJl:fi(::fjGBJl--t 6 tc::b':l 
t::, t9:¥~*jy;~@". 1 0 O0):f-ffiftxcTJ~:gf\;ij,~~2'::h. t\.,.fi;~t::~~TFZ~c•cb.fi ◊ 
[0033] 

[Zl3 t::jy;T eek '3 t::, t9:¥~*jy;~ct![ 1 0 OtL J::.i£Ltc::fflftxt:::1rni.. '"C, ~c11'!$9 1 t, 
ffiljt'f![:gf\ 9 2 c !-flT 6 ◊ 
[ 0034] 

~c11'!$9 U;L LED 1 O'f/f?::5Eilb0:tctc:::cg.LED 1 QO)~!JtO)§ffl~nt!-~c1t!L---C\.l 
60 C:.C:.c·, §ffl~fittL LED 1 Om,(::JE'.b':l0htc::!WJl'.JJ*@ff.tftic•ib-fio site::, ~c11'!$ 
9 1 tL :cg.LED 1 0 0~l!t0lt*t::f* 6 §ffllt* ( ;t-71 r,J\ 7 /;() !- ~c't!T 6 o '£ 
t,s, ;t-171 r-J'\7::..,,:;ztL LED 1 O'f/ft::5Eb':lbhtc::§ffi!WJl'.OJJ:t*t::eek-:i'"CJltl:l2'h-C 
Lti.- 1 0 

[ 0035] 

2' G t::, ~cffi$ 9 1 tt, ~~W~ct!i 2 0 0m1t~1J O)i;--~H:::N Lt ~t~uJ![~~ft:kil!flf 
~:;IJ!-~cffiL '(l,,1-fi O '£:B. tcffi$9 1 ii, ft:kil'Hf~:;IJl::f-ti.. '(' ~i'%W~cti2 00{'% 
WfE1JOJiiHt=M L t~t~uJ~7£:&),Jw:WfI~1J!-~cffil,-CV•-C ti eekVlc 

[0036] 

ffilH~$ 9 2 Ii, ~f%:W~@". 2 o ( <WW*@". 2 o r , <'%W~ct!i 2 o g , <%W~cti 2 o b ) 
, ~~nt-t:.:.,·'lj-3 0 (!W)l'.-t:::..,,'lj-3 0 r, ~_oc-t::;..,,-Jt3 0 gl!zU.~!Jt-t:::..,,'lj-3 0 b) &U' 
~ci2.$9 1t::tim2ic-C\.•60 '!t.t.::.. t1Jt'f![$9 2li. :cg.i4fW~ct!i2 O t::f~Mf~h6~vff!­
ffi!Jt'f!IT 6 C: c l::eek -:i-C, :cg.IBtrJ~@". 2 0 0<#:WfI~:;IJ !-ffilJ:fltliT 6" 
[ 0037] 
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J'!rt~1¥u::tL ffi'Ifffllfffi 9 2 tL :§.!WJt:--1:: 1/'"it 3 oh· t:,Ifxfi-t 6t9!1±:~Jl'.t ~c't!fffi 9 1 ,::~c 
11'!2'ht.: Eif~~Jl'. t ~ J:t® Lt, t§!l±:~Jl'.iJ>§ffl~Jl'.t::~ Lt 1, 1~1, •LED 1 0 t::xtfGT 
6 <4iW~ti: 2 o 0<4fffil'fEJJ z 1MHt-t 6 o 

[0038] 

:1 t.:, mrJmfffi 9 2 tL :§.?4fW~tii 2 o 0ii'fff~n 0-ii-~tz~c't!fffi 9 1 t::~c't!c' ht.:ft* 
ii'i-ff~jJ UT t:: ~~~ti G , :§.<4iW~ti: 2 o t:: ~Ur-t b ~ifit ( ?%ffll'fEJJ ) z ffllJUP-t b 0 

[ 0039] 

{J!Ji_ tL ffi!Jf{El)fffi 9 2 tL LED 1 0 c:rJ~&~ Eif~!WJl:t:::ifr·-:Jtt 6 t.:/JQ(::, ::§.~%W~tii 2 
o 0<4iWl'fEJJ z~1t L J:: 3 t Tb t, ::§.<%W*ti: 2 o 0ii'i~n 0,g-.Hiift*ii'i-ff~jJ z 
~:t.--c L:13:t£-ii-t::ii, ~c't!fffi9 1 t::~c'lt'.2-ttt.:;t-171 r-J'\71/7..zi*~~iJ,t, <%W* 
ti: 2 O t::H!Jft-t 6 ~im ( <%Wl'fEJJ) ~ft.iffift-t 6 ◊ -t~:h~, ili'JUllfffi 9 2 ti:, LED 1 O 

0~Jl'. iJ, El ffl~Jl'. c ~ 6 :1 't'' <WW*'ii'. 2 o (1){%Afll'fEJJ z ~~Ht-tt---n:: , ft*ii'i-ff~jJ z ~ :t. 
~1, •ielfflr-rc;-t-171 t-J{51/ _;1,~f*-t:>~ii0<4iW*l!f 2 o b~.iffit::ffllJffEll-t 0 0 

[ 0040] 
( ~Jl'.ffilJfifl)(l)-{JIJ ) 

tlTt:::01, •c, *1EErJi(1)ffi 1 ~JJWJl&(,;:f*0~Jl'.ffl1JffflJ(1)-01Jt::'"J1, ,--c, rRIOO~~~ L~ 
iJ, t:, ~ErA-t 6 o cRl 4 N.tlrR! 5 U, *1EEf~(1)ffi 1 ~JJfilffll'rnt::1*6~Jl'.ffilJffE11(1)-{JIJ(,::'"J 1, •t ~Jl 
B]T 6 f.:/i)(l)[Rl'"('if> 6 0 

[0041] 

aw t::, L E D 1 0 (l)~;lj!iM t::J,G t Z , L E D 1 0 (1)\WJl:;o>~ftT 6 f§IJ(;:'"J i, • Z , [RI 

4~~~L~iJ'0~JlBA'"t00 ~o, rRJ4t::J:31,,z, wt,i,iLED 100~Jl'.-c-ib'J, t:l!fi~ 
ti LE D 1 0 t::~Urc> h6 ~ifit't'·;b ,5 o 

[ 0042] 
rRI 4 t:::>y;-t J:: 3 t::, ~~m~~Jl'.~!i, LED 1 0 (T)J_;!k;,Mt}l'.;o>f.l:f; < ~ 6 ~ c: ( iiw~ 

jJ z~it.T 6 ~ c ) (,;:J::-:> Z fnJJ:. L, LED l O 0:{;!k~iJ,~ < ~ 6 ~ c 0%WfJEJJ z 
~:faT 6 ~ c ) t:: J::-:> Z f.l:f;TT 6 o {Jlji_ (;f. LED 1 0 t::{!~iVcr-2' :h-0 ~ifii:iJ'>I O '"Cir> tJ , 
El ffl~Jl'.iJ> L C t· ib 6 ;I;~ z {JIH::2¥tf 6 t ' t§!l±:~.&iJ> L 1 '{'' ib 6 #;ii"t::tL ifiWffEjJ z 
~ift-t 6 C:. ct::J::-:> '"(LED 1 0 0~&z El~~Jl'. (L O ) t T 6 ~ c iJ,'t'·e- 6 ◊ -jj, 
t§!l±:~Jl'.iJ>L 2 't''ctJ ,5:t£-ii-t::ti, roWl'ffjJ zKii:faT 6 ~ C: t::J::-:, l LED 1 0 (l)~Jl'.z El 
ffl~& (L O ) c T 6 ~ c: ;or't'-~ 6" 
[ 0043] 

<xt::, t9!1±:~Jl'.t m~~Jl'.t zJ:t®Lt, roW*l!f2 00<tW~nzffi1Jfffll-t0{J!Jt::--=>1,, 
Z, rRl5z~~L~iJ,,Sf5tEfJiT00 ~J:3, rRl5 (a) ti. ~c'ltfffi9 1 t::~c·t!c>td.:Elffl~ 
Jl'.0)-{J!Jzjy; L Z o I), [RI 5 ( b) ti, ~Jl'.-t 1/'"it 3 0 t::J::-:> ::~a: c>rd.:~lli!WJl:0)­
{J!Jzjy; L Z V16" 
[ 0044] 

C:.(l)J:: 3~:t£-ii-t::ii, ffi1Jtillfffi9 2ii, t9!lli~Jl'.t E1ffi1;!WJ1:t0~:frJ:tift::fGtt, ::§.<% 
W*'ii'. 2 O (l)ifiW'lfEjJ z W.T (1) J: 3 t::a'IJ I') ~ Z 6 o .!"! ~a1t::U, LED 1 O r 0)~71\l:tif 
(Rw)!i, Rw= (30-20)/30==c0. 33't''ctJ-:So !Al:ttH::, LEDlOgO)~ 

71'".ltif ( Gw) tL Gw= ( 6 0 - 5 0) 6 0 ==c O. 1 T'Cib I), LED 1 0 b (1)~71'" 
J:tif (Bw) Ii, Bw= ( 10-10) /1 0=0c·ib-00 
[ 0045] 

ml,1'""(, lwffl~ti:2 0 d::a"JtJ ~z (:,h6<WW'liEJJ(1)flJB ( R) Ii, R= Rw/ ( Rw 
+ G w + B w) = 0 . 3 3 ( 0 . 3 3 + 0 . l 7 + 0 ) = 0 . 6 6 t ~ 6 ◊ !AJ;f§JH::, 1#"W 
*ti:2 0 g t::i§IJ I) 3'""( ,S.h6roffll'ffjJO)flJB ( G) !i, G= Gw ( R w+ Gw+ Bw) 
= 0 . 1 7 ( 0 . 3 3 + 0 . 1 7 + 0 ) = 0 . 3 4 c ~ I) , <%W~tii 2 0 b t::@'.IPJ ~l 0 
:h6<wWl'fEjJ(1)flJit (B) U, B=Bw/ (Rw+Gw+Bw) =0 (0. 33+0. 1 
7+0) =0c,;t6◊ 
[0046] 

~H, /alJfifl)fffi 9 2 ti, Jll±: 2-.htc:fll&'f- ( a"JB ( R) , @'.IJB ( G) ZiHFa'IJit ( B ) ) t::J;r5 
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t --C, tiJ'.l(O){i'i$11~@'. 2 0 O)~~i=n?a'.2':h.-f>ft::k<i'iW'§~J] 1!:'~<WW~@'. 2 0 (,;:tlJ rJ 3( 
0 0 

[ 0047] 

=O)cct 3 (;:, ffi1JfiflJ$9 2iJ', W!tl:Uf.at&t §ffi~&cO)li'-lt~t=f6t -Z~<WW~@'.2 o 
t=?tW~:h 1!:'1'tlJ fJ 3 t 6 = t t= cct -:i --C, ~<i'iW~@'. 2 o 0)1wW~:h ( il'fff~:h ) O)i;Hh' 
ft::k<tWf1~:h ( ft::kil'fff~:h ) 1!:' )t!! j_ ft=, ;t.91 ~ 1 \ 5 >" A 1!:' tt19'T 6 C: t t;,z:-~ 6 0 

[ 0048] 
( f9:'¥~*jj;-~@'.O)jjj{t) 

.k'Xfl;:;Bi., ,,: , *JeeJicrJm 1 ~:m,tJFilJ.t=1*.f>t9:'¥~~--'j;-~@'.O)jjjftt=-_)~ ,-z, IZ!mff ~ 
~ L~iJ>f:,JmBJi-t 6 Q IZ! 6 tL *JEB}jO)ffi 1 ~fif!!'/BriJ.(;:f*.f>t!J:'¥~*jj;-~@'. 1 0 0 O)jjj{'p: 
1!:'~T7 o-lZJ--C'cb .f> o 

[0049] 
IZJ6(;:~-tcct--3t;:, 7,T•;17'1 Ot;:t:;1.,,,:, t9:'¥~~--'J;-~@'.1 OOti, LED 1041ft;: 

LED 1 0 0)~~1!:'W!tl::T 6 0 

[ 0050] 

AT''l/2 O(;:t:;n-C, t~'¥~~--'j;-~@'.l O OtL AT''/7°1 ot·W!tt:2':h.t::.~tt:~& 
t ~c'l:i$ 9 1 t=~c'ti 2' :nt::. EI t!~& t J:UP:£-t 0 ◊ 
[ 0051] 

AT ''I 7'3 0 t;:t:;P--C, t9:'¥~~--'J;-~@'. l O O tL ~tt:!WNiJi §:t:!~~t -ltT 0iJ'i'S 
t;,1!:' LED 1 0 41ft;:flJJE'.T 6 o £. t::., fst'¥~*jj;-~@'. l O O tL ~t cJJ LED 1 0 (;:··::w, 
t~tt:~&iJ'§W:!\WNt-flc-t 6:t¼i'rt=tL -~O);ll1f_!l!1!:'iftT-t 6 o --Ji, tst'¥~*~~ 
@'.1 0 O!i, W!tt:!WNiJ,§t:m!WNt-flcL~t,•LED 1 OiJicb.f>#lji;(;:li, .::ZT•;17°4 0 
O):Z/:!:f_!l!(;:ff.f, O 

[0052] 

AT ·'!7'4 0 (;:j:31.,,-z, t9:'¥~~--'J;-~@'. l O OU, ~LED 1 00)~~1!:' §W:!WNt­
ik2'-lt 6 t::.cnt;:£,~~~<i'iW~@'. 2 o O)J/liif~:h 1!:' J!ff l 6 o 

[ 0053] 

AT ·'!7'5 0 (;:t:;1.,,-z, t9:'¥~*~~@'. l O OU, AT ·'17°4 OtJ!ffl ttd::.i/liif~ 
JJO)i;H Ul'JJ:f~JJJ!ff) iJ>Jl"iJjj"J'Jf~JJ1!:')t!!7_Q;b•i'1ff;>~flJJE'.T0c £.f::., ts!:'¥~~~ 
~@'. l O O Ii, il'Jif~:hJ!ffb,ft::ki¥fif~:h ~)t!!j_ 6;1:Jlji;t;:U, k'r ·;17° 7 0 cJ):ll!f_!l!(;:ff 
') ... iWJt~:1JJ!fft,ft::kiWJt~:1J.12rrt·cb 6;1:Jljii-t=i±, ;,, T •:✓ 7" 6 o O):ll!f.tt=~6 0 

[0054] 

AT ·'!7'6 0 (;:t:;1.,,-z, t~'¥~*jj;-~@'. l O O!i, ~LED 1 00)~~~ §W:!WNt­
ik0-lt6t::.cn(;:, ~<i'iW~w'.2 ot=~~T-"Z~~rni1!:'{lfil'.iJ'lt=iRJi:'.'t"6◊ J3J:zt-:a1.H;:U, tst'¥ 
~~jj;-~@'.1 0 OU:, ~tt:~&t §ffl~!J{tO)~n .... t=J;Gt--C, (lfr2'-lt~d~i~iJ>cb6iMi!Jr 
~ ~tt: L , ~tt: L t::.il@.&tc:'lt L E D 1 0 O)~ijlill.'tnt 1!:' ilfr2' -It 6 t::. (i) (;:£,~~~rni1!:' tk:JE'. 
i'"6◊ 
[ 0055] 

AT ·'!7'7 0 (;:t:;1.,,-z, t9:'¥~~--r;~@'. l O OU, ;t-91 ~J'\7 ::./::Z1!:'ttt~ L~iJiG, 
~<i'iW~w'.2 0 t=f*~T-"Z~ ~vn ( ,g.<WW~@'.2 0 t=l!f'PJ 3( .f,.rZ~?-%-Wim:h) 1!:'iRJE'.T 
0 0 !'!~l'rl.;Jt;:!;t, tst'¥~*~~@'.1 0 0 !i, W!tt:~ntt §W:!ra!J{t0)~71J:l::~t=J;Gt--C' 
1%W~@'. 2 0 t=<*~T'"-~ ~f,[ ( iWW~@'. 2 0 t=tlJ 1J 3l 6-"Z ~ 1%$11~:h) ~iRJE'.T 6 0 

[ 0056] 

AT ·'!7'8 0 (;:t:;1.,,-z, t9:'¥~*jj;-~@'. l O OU, AT ·'17°6 0.X.U::ZT •;17°7 Ot'iR 
Ji:'.0:h.t::.~ifii: ( <WWi~:h) t=tE-:i --c 1i'iW~w'. 2 o ~ {mfJJrJt;:ffilJfiflJ-t 6 0 

[ 0057] 

~o, f9:'¥~*~~@'. 1 0 0 U, AT -17°8 00):ll!f_liJ,iftTT 6 t, :j:ijtFA T•;17° 1 0 
O):ll!f.tt;:~-:ic, AT .. 17° 1 o~AT'1/ 7°8 o 1!:'Jv-7°>1l!f~-t 6 = t t=cct----:> --c, LED 1 
o O)fflijliM1!:'ft.&I1t-t 6 ◊ 

[ 0058] 
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( {1:ffl&t.F~:m:) 
*?esJJoy~ 1 ~:M!i.ID~1-=f*of1it¥~*jf-;~@'.1 o o 1-=J::tiJ:L ffilJfW-$9 2 ti, tii-xO)<#" 

W~@'. 2 O O)ii!f-Jf ~jJ O)~ilt ~ :ft:kiW-Jf ~:h ,l,j T t= f* 1:) ~b" G i%W~@'. 2 O ~ ffirJ ti!IT o C: 

t t=J::-:> -c, f~:1i~~jj?~@'.1 o o O)f~@'.tJ;?'Jh:1"f61i.!Nit ~-:> tc:~~7d'.' c:·t=, tR¥~~jf-:~ 
@'.1 0 0 O)il'f-Jf~:1JiJ,~ffilJII.Nl=~111IT o C: t ~fflJffilJT 6 C: t b"'Z:··~ o o '1J..tc:, ffi!Jtill-$ 9 2 

b>~f-x O)i#"W~@'. 2 0 ~flfl31J t=ffillti!IT o C: t t= J:: -:> -C, LE D 1 0 O)~ijhJl.iffr~ iliil5m=a 
Jllfl::i""" 6 c:. t b>'Z:" 2- .b ◊ 
[ 0059] 

~Uc:, *?EBJJO)ffi 1 ~1if!iID~t=1*-U1it¥~*jf-:~@'. 1 0 0 t=J:: td::L ffirJtill$ 9 2 tL L 
E D 1 0 O)~fit ~ § ffl!WJ.l t -i~ ~ it J:: -3 t T 6 t , 'i1<#"W~@'. 2 0 O)ij!j-Jf~::h O)~ilf iJ' 
:ft:kii!f-Jf~::h~ii:li_ -C L..:i -3 tfr&rt=, LED 1 00)!W.J3t:b>§ffl~JJrt-ikT o :£:t·itW~ 
@'. 2 o O){#"t:fl§~:h ~'Ii-il::itf' t=, ;t 71 t- 1 \ 7 1/ .:z ~ 1* 1:)7d'.'iJ' G i#"W~@'. 2 o ~ ffirJfWT o 
o v:t-:> -C , f~¥~~-'f-;~@'. 1 0 0 O)iff-Jf~jJ iJ'~ffilJ ~~t=~□T 6 C: t 7d'.' < , L E D 1 0 0) 

~ffr ~ ftilffi-il::T 6 C: t iJ'c· 2- o " 
[ 0060] 

[ ffi 2 ~:liWJiJ J 
l?J.T t=t:5~ •-C' *J'eBJjcTJffi 2 ~:lif!iIDJ'fJ(=--:)1, •-Cf£BJJT b O ~-i:,' !JTt=i5 t •-C tL J::3~ 

Ltc:ffi 1 ~:lif!iW~cffi2~./if!iID!tiU::: O)ffi~1,~U=--:)1, •-C ±c L -cmsJJT o o 

[0061] 

J'!~s~i=tL J:..i£Ltc:ffi 1 ~nf!iIDJic~t•!;L t~¥~~-'f-;~@'.1 0 0tL {%1:fJ~@'.2 0 t=f:!t 
Mr~.h.6 ~jJit ( i#"W§~::h) O)h.t=--:)1, •t ffirJti!IT 6 o C:..h.t=:t.t Ve, ffi 2 ~./if!iIDJiJttL fR 
¥~~jf-;~@'. 1 0 0 tL <tW~@'. 2 0 t=f:!tffl~.h.o ~Im ( {#t;l]l'f~::h) t=1J□ i_ -C, LED 1 
o t=i*ffl~.h..b ~Ilit~ffirJmi""" o o 

[0062] 

( f!,t¥~~jf-;~@'.O)~j'f~7··O •-; .Y ) 
L-1Tt=w.-,-c, *?EBJJO)ffi2~:/n!i.ID!'fJt=1*of!,t¥~~jf-;~@'.0)~§~7··o •-; .Yt=--:)1, 1-c, 

fillffi~~~L7d'.'b,GmsJJT .b ◊ fill7 tL *?EBJJO)ffi2~:lif!iIDJiJt=1*of~¥~~-'f-:~@'.1 o 
0 O)~~fo '/" .y ~jf-;Tfillt•&:io ◊ ~H' [;R!Tct:L J:.~l...fc:[;ill 3 t ll"t]-O)fflff'tt=--:)1, 'l'( 
/j:il"tJ-O)f-'j'~~l'JL '(t l,b 0 it_:, [;ill7 t·!;L J:.J£Ltc:[;ill3 C il"tJ~(=, t~¥~~7F~@: 1 
o o O)fflff'tO)-$iJ>'€f~~.h. -C ~ ioJ,~U=t«~i"""r<.~ t·&:io o 

[ 0063] 

fill 7 t=jf-:i°"" J:: -3 t=, t~¥~~jf-:~@'. l O O tL LED 1 0 t . <fiW~@'. 2 0 t , ~Mt 
1/1) 3 0 t ' Ic·t!$ 9 1 C ' ffi1Jm$ 9 2 t ~ lfT 6 0 

[ 0064] 

!c't!-$ 9 HL 'i1itW~@'. 2 0 O)iff-ff~:1J&tf"'i1 LED 1 0 O)ii/f-ff~jJO)~ttt=t-ti""" o 
ft:kiW-Jf~::h ({#"t:f]~@'.+3/cwlO ~iJC1t!L-Cl,•6◊ it-:, icffi-$9 lU, LED 1 ot=f* 
MtT 6 = C iJ>ff~~.h.o~~O)ft:k5Et§~ LED 1 04ltt=!cffiL '(I, •6 0 

[ 0065] 

ffi!Jtill-$ 9 21:L {#!fl~@'. 2 0 , !WJ.lt ✓1/ 3 0 &U'ilcffi-$ 9 1 t=1m .z. -C, LED 1 0 i= 
l ttwJc ~ .h. -Co 1J , 'i1<%!fl~@'. 2 0 t= 1*fflT o ~mi ( 1t!fl1'f~::h ) t=1m .z. -C , 'i1 L E D 1 0 

t=i:!tWirT o ~ilit~ffilJmi""" .b" i tc:, ffi!Jtill$ 9 2 tL 'i11%!fl~@'. 2 0 O)ii/f-ff~::h&U'i1 LE 
D 1QO)jj!f-Jf~jJO)~ft~!c'IJ&:$91 t=!cffi~.h.tc:ft:kil/f~::h UtW~@'.+3/cil&) tlT 
t=f*--:)c t lt=, 'i1L ED 1 0 t={M:~~.h.o~ilit~!c't!-$9 1 i=Icffi~.h.t~:tttAJE~tl"'f 
t=f*1:)7d'.';o>' G, ~<t!fl~@'. 2 0 t=1*WirT o ~mt:&tF'i1 LED 1 0 t=f*WirT o ~mt~ffi!Jti!IT 
◊o 

[ 0066] 

J'! f*s~(=U, ffiljti!J-$ 9 2 U, {yjt;l)~tif 2 0 t=f*WirT o ~im~±w~T C: ct= J::-:> -CLE D 
1 0 O)~Jlrii'ri'iJJ:.T o!IJ~ ( ,l,jT, l%W~@'.~~ffi!Jtill~1J$) t . LED 1 0 t=i:!tfflT o ~ 
ilit~±w~T C: tt=J::-:> -CLE D 1 0 O)~Jlrb>ri'iJJ:.T o!IJ~ ( .k'J.T, 3/{;V]t~~ffilJm'rJJ$) c 
~ .l:t~To ◊ 
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[0067] 
± t~, ffilH.ilJS!i 9 2 tL :YcWll~ifiiifj1Jt}P:9:}J$iJ>IfiW*l!f~t'ff.ffi1J{itlJ:9:JJ$J: IJ b f6} l ,ffrir(::ti, 

~LE D 1 0 t=~~T 6 ~m[~ ~{fit;j]*l!f 2 0 (;:f!t~T 6 ~m[J: t) b {j:n; L--CffilJ{itP'"t 6 0 

-1L ffilJ{itPS!i 9 2 t;L :YcWll~mi:ffi!Hwllx-JJ.$b'iiiW*l!f~im:ffilJtitll:WJ$,L.?J.T--c.Y) o ±fr&rt::tL ~ 
l#W*cti 2 0 l:: #t~T o ~i:ffi. ~ ~ L E D 1 0 i:: f*~T 6 ~im: J: IJ b fi:1c L --C ffilJtitllT 6 0 

[ 0068] 
( ~JJ:'.iliJJf.iPO)-jflj ) 

tJ.Tt:::B~,--c, :;,f;:JB8Ji7Jffi2~JJW1t~l::fJ:t,~JJ::ffi!JtitP0-0J1t::--::i~,--c, 11llOO~~~Lt;;: 
iJ,i:,~aJiT 6 o l1ll 8&tll1ll 9 LL :;,f;:JB8,ij0ffi 2 ~JJf!tllJ!'rnt::fJ:f,~JJ:'.ffiJJf;fllo:i-011(,::--::i~ •--C~Jl 
BJiT 6 t~iii)C)l1ll'"('.Y) 6 0 
[ 0069] 
:iiltJJ(::, <wWitli:~im:ffi!Jtitllx-JJ$(::--::w,--cl1lls (a) &tFl1ll8 ( b) ~~~Lt;;:b,f:..,~JtBA 

T60 i;;::t'3, IX[S (a) (::t:H \'"(, ilt/ifiEttLED 1 00!!¥~c·;b t), 1.ifmtl:LE D 100 
ffl~i:i£-r·;n o C ± t~, 11ll s < b ) t=t> ~ ,z, ¼frtfil!ii Ls D 1 o 0ffl~iNt.l!l'.«> 1J, 1.00,rni:t 
'i#tll*l!f 2 O t::~~~ho~ffirc·it> 0, Ta iitR~:lfl£.o~l!f 1 O 00)1'~'AiNtc·it>6 ◊ 

[ 0070] 

11ll 8 ( a ) t::~--t-J: -3 (::, LE D 1 0 0~JJ:'.tL LE D 1 0 0ffl~i£JJ:'.b> __l:_;o, 6 (;::fit~ 

--C {.!:£TT 6 0 Wik tL LED 1 0 0ffl~i:iJJ:'.b>T 2 c·.Y) 6 :%i;-(::ti, LED 1 0 0~,IJ:'.ii 
L 2 c· .Y) •·L LE D 1 0 7lffi~i:iJJ:'.iJ>T 1 c·rb 6 tJ;-@r(::U, LE D 1 0 O)~JJ:'.U L 1 c· it> 
Oo 
[0071] 

'£:b, §ffl~&h'L O c·it> -1StJ;i;-~0JH;:~ff 6 i:: , LED 1 0 0~JJ:'.b' L 2 --c•·it> 6 tJ;i;­
(::ii, LED 100ffl~i:i&Ll:::Jf6,:.ct=J:~--cLED100~,IJ:'.~TffoC.:i::i}AJf.ili 
c'ib6o -jj, LED 1 00~JJ:'.b>L 1 c·«Jo:%i;-(::ti, LED 100ffl~iNtJJ:'.~Tff6 
C.: i:: (:: J: ~--CLE D 1 0 O)~JJ:'.~ __l:_tf 6 2:. i:: i;>AJ'ff~c·.Y) 6" 
[ 0072] 

-jj, '1ll8 ( b ) t::~i""" J: -3 (::, r~W*@f 2 o t=~~~:i1.6 ~ifit Oi'iW5Ql!f 2 o 0iiHf 
~:h) ~~-'?TC.:U::J:~--cLED 100ffl~i££b,iff;Ti"""ol1frJ,g- (.[,.:J.T, Iw]!££1lf;T 
l1f1Ji;-) ti, LE D 1 0 0ffi~iNt!J:'.b'7'~m.i£ { Ta ) (;:Jlr·-::S < (;::fit~ --C .11' ~ < i;;: 6 o Wik i:f 
' ~~iNt!J:'.iJ>T 3 c'.Y)o:%irt::UIMi££1.1:£Tl!trJiriJ~f6J~•iJ', ffl~iAJJ:'.iJ>T 4 --c··it)of~i;­
(::Uffl~iMfifTWrJi'tiJ>~H=m-t::{ff;~,, 
[0073] 

11ll 8 ( a ) &U'l1ll 8 ( b ) t::~ Lt~ J: -3 (;:, LED 1 0 CTJffi~iNt&iJ>y'~'AiA (Ta ) (;: 
ili-:5 < t=:fft~ --Cffl~i££{ff;TW'Ji;-ii+~ < i;;:o t~iii), <#W*cti 2 0 t=f*~~ h0 ~im ( ~ 
Wil%l!f 2 O 0ii'fff~jJ ) ~ ~-'? L--C b , LE D 1 O 0!W~~ _l:::Jf o C.: i:: iJ"ff L < t;;: J.5 0 T 
i;;: b ~, <fiW5Q@f~ifiiffi1HwlJ:9:JJ$ti, LE D 1 0 7lffl~illiJ'>y>~'Ai£ ( Ta ) t::ili·:f < t:: :fit 
~ --c .1J, ~ < ij: 6 0 

[ 0074] 
o:t::, :31::Wll~ffirffilJ~:9:JJ.$(::--::i~ ,--cl:RI 9 z$~ L'£b' GiJl8Ji'"t 6 ◊ ~t:L 11ll 9 i::t3~ •--C, 

¼frtfrn!i LED 1 0 0!%!£c·ib fJ ' t:ifmU LED 1 0 i=,*~~ :ho ~im:c·.Y) 6 0 

[ 0075] 

11ll 9 t::~i""" J: '3 t::, LED 1 0 0~&(i, LED 1 0 ?::f*Mt~ :i1.6 ~iffi: ( LED 1 0 0 
il'fff~jJ ) iJ'~ :t 6 ?:::fit~ '"f. __I:_* T 6 , WIJ :t tf, L E D 1 0 0~JJ:'.iJ' El :t~~N ( L O ) c' 
.Y)6:%it-~011t=~tto i::, LED 1 0 t::#tMt~no~im:U I O '(:'ir)61J', LED 1 0 t=Ht 
Mt~ho ~im:~mi:::k:5:E:f'& < r MA x ) ± -r·J:::H o t , LED 1 o 0~£!i L MA x ±-r·__.1:_ 
ff'°96 

C.:c7>J:-3t::, LED 1 00irfff~niJ,ft:::k:5:Et§- < rMA x > ~Jm:tt;;:~•iElffl17'1c·.Y):i1.tr 
, LED 1 0 0~,IJ:'.~ J:::H 6 2:. i:: ;,'}n1rn~c·.Y) 6 o 

[0076] 

11ll8 lSH.Fl1ll 9 ~~~ L'-'.:.ciJ' t>iJlBA Lt~ J: -3 ?::, ii'iW~cti~ifiiffi1Jf;r!f'.l1J$!i, y>~'AiNt (Ta 
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c LED 1 QO)~ilNJ!tcO)m!J:~C:J:-:,"(ifflJlFJ!-'§ttt, :'i\:;i\l1~miJ!i1Jm~JJ¥tL ~LE 
D 1 0 O)ft*%:'t@t;:J:-:, 'ZmrJif.~!'~tt o o 

[ 0077] 

( t~¥~*~~@'.O)t1}1t) 
.tlTt::t-31, ,z, *}EEfJJO)m 2 ~J'iWff&t::f*of1¥~~T-~t!iO)t1J{tt::-::w,z, Bnoo!-~ 

!raL~it;0fJlEfJ1Too Bnl Ot:L *}EEf]0Jffl2~J'jfil-JlJ!mt::{*of~¥~*~~@'.l O 00)t1J 

1t!-~T7 □-Bn•-c--1fioo ~.:t-3, Bnl O t::.:t-31,,z, :Zf-·1/7°1 O~:Zf-·1/7°7 QO);Z!!;l'.ll!.tt 
, ~ Lt.::~ 6 c µ't];f$Jtz·1fi o t.::&1:>, ,f c:rJf!iErJJt::-:=i1,, 'Z t±'€ii'll§T o ◊ 

[ 0078] 

Bn l O t::~-t-J: -3 /.::, :z T '1/ 7° 1 1 O t::.:t-3 v 1 'Z, fl¥~*~~@'. 1 O O ti, :'il:Wi!~ilffmrJ 
m~JJ-¥n"<%W~t!i~mr:mum~JJ-¥J: 0 i f51" ,n,Nh"!-*'1%:'-t-o O :£ t.::, t~¥~~T-~t!i 1 o 
0 LL :'il:iW~iffLffilJ mJJJ¥h'<ifW~~iffLffirJm:£JJ¥ J: l'J b f5l \. ·If~-& t:: LL :Z T '1/ 7° 1 2 0 0) 

;Z!!;l'_!IH::fj 0, :'il:Wi!~ffir:mrJm~JJ-¥:IJ>ffi'W~t!i~ffi'l:mlJtl:IJ:£JJ-¥tJTt-·;b ,bt!;-a-t::tt, .7... f- ,y-.7 4 

0 O);Z!!;l'J.t:::f%o C 

[ 0079] 

~:t-3, :Z T •y 7° 1 1 0 !.;L :Z T '1/ 7° 3 0 t·~:fi!ra&:b"§ffi!ra& c -Iz L~ t •LED 1 0 

h'>;fii o t f 11%:'~ :ht.::l:~-a-t::fih:ho5'11l'.ll!c';Iii o ◊ 
[ 0080] 

:Z T •y 71 2 0 t::.:t-31, ,z, fsl:¥~*~~@'.1 0 0 tL LED 1 0 OJ!raoc!- §ffi!WJJU:: -
ix~-tt- ot.::&1:>(::, LED 1 0 t::#!Jft-t-,"Z~~mt!- JVff b O O J'!~a"Jt::tL t1¥~~--'j;'~@'. 
1 o o tL !rnoc-1:: ✓--tt 3 o t= J:-:) z~::e ~:nt.::~ili!WJtt !cm~ 9 1 t=!c·~~:nt.:: Elffi!rn 
&c O)~n'-t::~--51, ,"(' LED 1 0 t=i*titT'°Z~ ~mt!' ~.fib O 0 

[0081] 

.::Z T '1/ 71 3 0 t:::t:n ,"(, t5t¥~*~~@'. l O O t;L .7, T '1/ 7° 1 2 0 c'J!.fib t::,:ht.::~ 

iffL U*P□~ffir:~.fi) h'iii*%:'t&!-JfiLzoh·Nh•!-LED 1 04Jtt::flJJE'.Too :it.::, t9:¥~ 
*~~@'. 1 0 0 tL ~P□~iU!.fl;b{ft*%:'m!-t!Lz o LED 1 0 ii&') o:/:!;-a-t::(.;L :Z T '1/ 

7° 4 0 O)~J.t:::fj 0 , {**it~mt~.fih'>ft*%:'t&!-Jf§ i.. o LE D 1 0 i?'~ v 1:t!;-a-t::t.:t, :Z T 
'1/ 7° 1 4 0 O)y'l!:l'.ll!. t:::fj O 0 

[0082] 

:Z T '1/ 7° 1 4 0 t;:t:n )'°(, t:'1¥~*~~@'. 1 0 0 i:L ~LED 1 0 OJ!ra.oc!- §ffi!r'?.&c 
-fx~ -tt o t.::&1:>t::, ~Ls o 1 o t=~ffiT'°'~ ~vit!-,m1.rnt::~%:'-t-o ◊ J'! i*a"Jt::tL tst¥ 
~*~~@'. l O O tL f?tiliiMi.&t §ffiiMi.&t O)~JJ'-t::J;G L'Z, LED 1 0 t::1:!t*fti"FZ~ ~ 
iffL !- iRJE'.T o " 
[ 0083] 

:Z T ·:'7° 8 0 a (:: B t 1 'Z , t:'1¥~*~~@'. 1 0 0 I ;L :Z T ·:.r 7° 6 0 , :Z T ·:; 7° 7 0 XU: 
:Z T '1/ 7° 1 3 0 'Z'iRJE'. ~ :ht.:: i*P□~vW: t= :f,'t-:, 'Z , L E D 1 0 Xtt {%:ti]~@'. 2 0 !-fm5m:: mrJ 
m-too 
[ 0084] 

~.:t-3, ti¥~*~~@'. 1 O O tL :z r ·1/7°8 OO);Z!!;J'Jl!.:b"iF:lfT-t o c, lijtF:z f-•y7" 1 O 

O):\@f.li!. t::~-:> 'Z, :z T ·:.r 7° 1 0 ~ :z T •y 7° 8 0 !-Jv-7°>11!:f.ll!.T o C: c t:: J:-:> 'Z , LE D 1 
o O)ffi~iMi&!-:iiBl11'..-t o" 
[ 0085] 

= 0 J: -3 t=, 19:¥~*~~@'. 1 o o n-1' :z 'T' •:, 7° 1 o ~ :z f- •:1 7° s o ~ iv- 7911:E.ll!.T o = 
c t::J:-:> 'Z, LED 1 0 t::{.jl;ffii" o ~iffL!-~~T C: c t::m~ L 'Z LED 1 0 0ffi~i£JJ:h>' 
~till L lb ' LE D 1 0 O)ffi~m&h1ft5ffi11'.. ~ :ho 0 

[ 0086] 

( 1tffl&tF~:m:) 
*}EErJJ0m2~J'iW:IMU::1*019:¥~*~~@'.l O ot::J::htf, ffirJ00&,9 2tL 4H~W~ 

@'.2 0 t::f*P□ ~:ho~B[tc:ltc'U~<' LED 1 0 t::{*P□ ~:ho~ffir:!-ffirJtl:11-to O if.::, 
ffirJfWM, 9 2 ti, -ri~O) LED 1 0 ZizJ,"~~OJiWW~t!i 2 0 J>iifflf~::JJ 0)-a-!t:b"iii*iifflf~ 
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tJ (xwl!+<WW~cti) ~Jm.z'£i,,•il!:lfflFt;rc·, LED 1 0&V9fi'W~cti2 o~mJJmIT-fio fit 

-:i-C, LED 1 0 0)$1i;i£ocif:7HKi£ (Ta ) t=:ili:-"51,,-.-c1wW~cti~mtmlJfl!ll:'.t}J.$iJ'fil;TT 
.f,t~·-e.:b-:it b' LED 1 0 O)!W~~)-'}].$akJ(=r□Ji\t).f, ,:_ c:b>c'~ .f, 0 ,fO)~JIL 19:¥~ 
~~cti 1 O O O)fj!fif~jJO)ffla~;f[l)m1JT .f, 2:. c :b,-c~ .f, o 

[0087] 
[ -f O)f-f!!O)jfAf!!.ff:J:li'& J 
:;$:~BJHiJ::.~ l.J...:~~:lB!&.t=J: -:i "Cf~BJI Ltdf, ,:.0)1ffijp;O)~$~'£Tlrn:i.i~ZtUllilffiHi 

, ,.: o}JEBJI ~ m-HE'.T 6 i 0) ··c .:b .fi t fll!JW TI'(~ ·eu '£ 1,, , 0 ,:. O)lffijp;:b• 0 i,it~~tu~ '7 '£ 
1i';ff~ni!i%!&., ~~f7'J&tfifJ'IHxvt-it>B~ ½1J"C '£6 -3 0 

[ 0088] 

f7'J.z tf, J::.~ Lt...:ffi 1 ~ni!iID:ii~&tf'.ffi 2 ~»f!i:ID:li&·e-t;L ~-'r,~ctiiJ>f~¥~~-'r,~cti 1 o 
0 -e.:b .f, f..) O)c L -CIDGBJI Lt...:b>, 2:.tu=~lJE'.~il.6 bO)"t'li'£l,, ·1 ◊ !3. ~akJt=ti' ~T-~cti 
!i, ~,t'.j'.0):7eVffi~1fT-fi~jp;~ctic•it).n!;fJ: <' LC D'J'' 1 :Z7'v1' :r□ 1/'x. :7 7'' 1) 

77□ :) x. :7:,.; =1 Yf-v t:·'£ t·c·ib-:i t b J: 1,, 1 ◊ 

[ 0089] 

~ t...:, J::.~ Lt...:ffi 1 ~ni!iID!L••l,tU:'ffi 2 ~n!!i:ID!&.c'ti, :7eVffiO):Jk!&.~1'§!/:f:\T 61f!&.1'9!/:f:\$ 
iJ>~IJr-1:: ::.,-'lj- 3 0 --c·,:b .f, bO) c L tf~B~ Lt...:iJ{, 2:. td=~N:JE'.~h.f, f..,O)c'tJ:'£1,, ·◊ J'! ~ak] 

t=U, ifcTi&1'9!/:f:\$!i, xwJ!O)$~i&oc~1'9!/:f:\T .f>Mi\&-1:: :;.,-sJt-c·a:n t b J: 1,, •◊ 
[ 0090] 

~ts, 1X!&.1'9!/:f:\$b>i}NJ!{-I:: ::.,-'lj-"'('it) 6 t~itt,=U, ijj!jmJ$ 9 2 U, :7eVffiO)~oc-z·u~ < t 
, xwJ!O)$:li;i&oc~ ,1=1=n-.-r, 1wW~cti 2 o-?L ED 1 o t=f*~~:ht,~rm~mumT o" 
[ 0091] 

~ t::, t=, J::.~ Lt...:ffi 1 ~nf!i:IDTW&t.Fffi 2 ~»l!!ID:li&tti, xwl!ir• LED 1 O t·it) .f, b 0) .t 
L-cmsJILt...:n', ,:.nt=m~JE'.~:ho 'LcrJcU'£l,, 1

0 J'!~akJt=t:t, :n::i®::o'i£ocftr(-f't1~1f L 
"Cl \fU;L :;$:~BJI~:iffiJ+ri'rf~c·ib 0, :n::WJH;L v--lfj7''1 ::r- r-' '£ c'c'if>-:, t t J: l ·◊ 
[ 0092] 

~ t.::, ~ Lt...:ffi 1 ~ni!iID!&.&Uffi 2 ~ni!iID!&.c'!:L t!!JJ{wijjp$b> LED 1 0 0)$:li;i& 
oc~ Ttf 6<%W~cti 2 o c·it> 6 b 0) t L -cmsJI LJ...::b', c.::ht=IJ]!JE'.~:h.fi b O)c·u~i,,-1 o 

(JIJ,t!;L i£ocwijifrj$(i, LED 1 0 0)$:li;iAIJr~Tff-6 t c U=, LED 1 0 0)$:li;Mi\oc 
~ J::.ff .fi ,.: c t JJJ'lf~'£~ctic• .:b -:it t J: 1,, , o 

[ 0093] 

~ /::, t=, J::.~Lt...:ffi 1 ~nf!i:ID:ii~&tf'ffi 2~ni!!ID:fl.JcUl~t=w.kht't,, ,'£1,, •h', ffi!JfJ!IJ$9 2 
!i, LED 1 QO)g~::r;11::~~-Lt', <WW~cti2 0-?LED 1 ot=i*~~ho~im~mu 
mILcbJ:1,,0 
[ 0094] 

~t...:, J::.~Lt...:ffi2~nfilID!&.c'tL m1JfJ!11$9 2U, LED 1 0 t=f*~~:h.f,~vftO)Jifl 
( f*~~n[Jifl) b'ii*JE'.r\½~Jm,f_ -t>i!hi;t=ti, LED 1 0 t=f*~~:h-6 ~mt~ffilJmJ-1±-f 

t=, iWW~cti 2 0 (;:{*~~ h-iS ~i:i[~ffilJmJT .f, i?', =t-tt=IJ]!JE'.~ :h6 b O)"'('!i'£P, J'! f;$; 

13,\J(::tL ffi1JmJ$ 9 2 U, f*ilir~mtJiffh>ii*JE:rg~ ~,Z .f,iJ.,itc'it)-:, Z b, ft*JU~Nc' 
LED 1 0 t=f*~~h-iS~fi[~ffi!JOOT 6 t t b t=, l#W~cti 2 0 t=f*ilir~:h-iS~mt~ffilJOO 
T -6 ,.: ti= J: -:, t' , ::g. L E D 1 0 O)ffit)J{ 0) rtrl J::. ~ !;Rh t' b J: Ii , 0 

[ 0000 O)jm~'£IDG BJI] 
[ 0095] 

[ l;Rll] :;$:~BJIO)ffi 1 ~~%:ii&t=f* 6:f9:¥~~~cti 1 0 0 ~jp;TlliJ--c·S .f, ( ,f-0) 1 ) ◊ 

[1;RJ2] *~BJIO)ffi 1 ~1ii!!IDTi&t=1*61l¥~~~~cti 1 o o ~jp;TlliJt·.:b-t> (-fO) 2) ◊ 
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( 1 - 2 ) Wrnc~Jt;$ c f,~Hi L -C %.ivt 0:ho iJ,, %.11::2' :ht::.1#t!th'-f c?)J±jJ~t:: J: ":) -C 
PlrJE'.JJ [11} i::f%1JJ-t o 'A1:fci#t!lf.%IJJ$ t , 

( 1 - 3 ) 3-''~ < t l> WJllc.%.:J:fUfflf%1JJ$ t f,~fi Lt::{lf[~c·;n ":) -C, WJllc.~Jt;$0BtM 
f!!U i:::IB ff!t 2:' not,, WTic.'A:Jf 01#titt,-fff1H::mt:A 2:' h -c itt~ 0 n, ~~ 0 nt::.~:J:Jc01tt1J 
,y;Jl'JrJE'.JJ[llJ t::fJIJJ L -C ft!l!!ffi(::mt:lli 0 :h, $~1,::~rs'i ~ 1fT o J: -3 t::ff!t:180 :ht::.1J'-·11Bt$ t , 

( 1 - 4 ) WJllcii'·IIBt$c7J{t!1~ c f,~f L -C %ff!t 0 ho ,j>, lruci-Il:Jk0<%t!th>Wfic~JEMi i= 
rnJ-:i -CfJIJJT 6~:Jki'#t!lf%1JJMi c, 

( 1 - 5 ) WJllc~Jt;$ t Wfllc~:Jkt%t!t:fo/lJJ$0,;l,'~ < t L-$ ~ WT~ 0 -tt o If.~~!::: , 
~fJmx. 6ffl:'3t11::<#Wnt, 

( D) lrucffi:'3t11::i'#!IJn0lruc7J'liBt$0q:t~~rs'il::IDl:t!i~.ht::. 7, ✓ ~fjffi,-t_ 6 ~ c ~~~ 
ittt i"" 01\1 f 0 '1/ F~0i%-W5tt!fo 
[ fi.1<JJf 25 ] 
:>'~$0)~WJi:iJ, b O)~~i#W0 -tt 6 t::./'hO)J \1 7·· 1) '1/ F.Jfl0<i'i!IJ5tt!it=:t-3 v ,'(, 
( 1 ) r-Jffill::ffi:'3t11::T o <#t!l0f!ifflJv-7°b'%ff!t 0 :hob', 
c 1 - 1 ) zo) r-1fm0-:fllMt=:1Bn!t ~hot,, WJllcHt:J:Jc0<#:t%:o'-t:J,m'lfm~ t= J: ":) -c ,;1,,~ 

< t L -Mi t::3't~ 0 h, :tttl 0 ilf::.~it:Jx 0<#t!tiJ':>'h"fF,0~WJi:n, bf~ i. b :ht::. ~t:: J: -:i -C %. 
11::0:ho~JE'imt, 

< 1 - 2 ) WJllc.~JE'im u~tt L --c %JR 0.ho t', %.11::2'.ht::.1#:t%n'-f0EE::n~t=J: "J --c 
PlrfE'.JJ [11} t::f%1JJT o 'A1f ti'rt!tf%1JJ$ c , 

( 1 - 3 ) wric.~JEif!i c f,lfi Lt::.1lJl~c·2b-") -C, iruc.'A:J:Jc<#t!tf51JJ$0.RMfIDH=:1BJ£ 0 
t1.6 f}, Wfllc.%_:tft0t'#t!tn>-f_!l!H=mt:A ~ .h -C ~~~ h, ~~ ht.::ffi:jfO){#"t!{;Q>fJrJE'.n[riJ 
t::fJIJJ L -C, Wfllc~Jt;$(::mlli ~ h -C q:t~(=~rei,~ 1fT 6 ½'-IIBtfm c , ~ filili. 6 ffl:'3t11::?#W 
nt, 

co) iruc.ffl:'3t11::fi'rtr1n01ruc7J'-IIBtMi0$~t=f~t!i~.ttt::.7 / ✓ ~fiffix.o ~ t ~~~v&c 
ToJ\17'0 ·:,, F~0t#"W5tt!fo 
[ fi.1<JJf 26 ] 
:>'l-$0~WJi:h, b 0~~fi'rtfl 0-tt o t::.i'h01 \1 f 1) '1/ F.!fl0<i'iW5ttlit:::t-3 ~ ,-c, 
-f:h-f't1.0-f!ffib?~PJrfE'.ft.r&t::HiJb,tiJ:: -3 t::.ivt:180 tL -C, f~'ii!iWrt::q:i~t=~rs'i~:lfT 6 'ii" 

IIBtifli~ffifftT6-:x-fO)t.- ]---F{17°c, 
wric-M0t.- ]---r{,17°0HH;Q'":Jf::.$7J'-iJ>%ff!tT o7J'-IIBt$O)q:t~~rs'it::f§tt!f~nt::.7 J 

✓ c, ~-fFmj~ 6,.: c ~i~txt T ol\1 :nJ '1/ F~0)1#W5t'iii◊ 

[ ff.1<JJf 27 ] 
:>'l-$0~WJi:,j,G,O)~~ti'iW0-tt O t::./'hO)J\1 f 1) '1/ F.!fl0-tcfitf15t'/i!it:::t-3 V ,'(' 

-f.tt-f·n0-~b~PJrJEft.roct::Hilb' 6 J.: -3 t::JR:180 :h -C, IDl:'ii!illtrt::q:i~t::@rs'i~:lfi"" 6 ·½'­
IIBtifli~ffifftT o-:x-t0ffi~11::i#Wnc, 

iruc~:x-t0ffl:'3t11::<-%Wnii'ffifftT6:n'liBt$0$*~rs'i?::f~'ii!i~:ht::.7, ✓ t, ~fimi. o 
JJ', 

1'!i1ic-M0ffi:'3t11::'i'#Wn0-fh ,f';htl:, 

.-f 0f7'Jif!it::ffl:'3t11::T 6 <i'it!l01Jiffl;v-7°iJ'>%fflt2' h6 i}, 
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( 5 ) ~~2006-513577(P2006-513577A) 

( 1 - l ) ,f(1)F9$(1)-tliffit::ID.1vt ~;f1..f0fi, lrucHH.k0f%~h>-=&-'fm>g:ER~t:: J:-:, -C 3'''£ 
< t 'L -$ t::1E~ ~ t1.., 1ttl ~ hts.:H:t1:Jc01#~h'7~$0~With' t;, {ii_ t_:, :tV..: ~t:: J: -::i -C 5K 
fl::~h6~Je$ c, 

( 1 - 2 ) lruc~JE$ t ~~1¥ L -C %ff\t ~ ;fl.. 6 if_ 5K i I::~ fodc: 'i-%-~h>WJilc·n'-lh:iz$ ,:: ri'iJ -::i -C 

:fHJJT 6 5K~<#~:f%jjj$ t , 
( 1- 3) 3''~ < t li WJ~c:§K1:.kf%~:f%jjj$t If~¥ L -CID!vt~h6h>, lruc7J"ll!iz$03'''£ 

< t 'L-$?i--IDff\tT 6 J: "3 t::Jrt-lf;~h, ntric:§K1:fccTJ1#"~h>-{!!l]t::imA~h -C ItU'.f1t~h-6 {~ 
~$c, 

(1-4) iruc:;U$U~1¥L-CID!vt~h6h>, lrucn"ll!iz$03''~< t 'L----im?i--IDffitT 
6 J: '3 t::nltID~:h, ntric:H:t1:Jc0<t~iJ,WJ~c~JE$t::ri'iJ-::i -c:ffjjj--g 6Ht~,w~:f}jjj$ t, 

< 1- 5 )ntr~c~JE$t 1Ji1llcirt1ft{#~f%jjj$01''~ < t i-Mi?i--lffi~~-tt6 ~$ c, ~ 
fiffii.6.: t ?i--1~wrtT6J\1 f0 '1/ l<~0J#:W~ti!L 
[~*JJl:28] 
Jf•$0~Wit,J>/'.;,(1)~~{Wt;[l~-1:t6f,.:/lt.)(1)J\17'"l) '1/ f~(J){#t;[J~j:i:(;:;B~,'"(, 
-f::h-fJ1.0-t11mb,JiJrJE'.fll JJ: t:: a!JfJ, 6 J: "3 t::.ivtID ~ h, ~1:i:IE'Jt:: $:'k:t::~Fs'i ?i---:ffT 6 ftll!iz 

$?i--fflff\tT 6-M0ffl~11::?#'t;f1n t _ 
1Ji1ic-M0ffl~fl::'i-%t;fJnb>fflff\tT ◊7J"ll!iz$0$:'k:~Fs'it::~1:i:~ :ht.: 7, > t, ?i--(iffii_ 6 

iJ>' 
1Ji1llc-M0ffl~fl::t#t;f1n0--fhi'Jl.lj:, 
-f: 0 F9$t::ffl~fl::T61w~0ffi~v-7°n'IDffit ~ h 6 n', 
(-1- 1 ) ,f(1)[9$0-t!lmt::IDff\t~h6:iJ{, lrucilt~0t"%~iJ{-=s,-'fm'ii:ER~t::J:-::i -C 3'''£ 

< t :L-$t::1E~~-h, 1ttl~hts.:H:t1:.k0<#~ifi7~$0~Wit7J'0iii. t_:,td..:~t::J:-::i-C:§K 
11::~:h6~Je$c _ 

< ·1 - 2 ) ntr~c~JE$ t ~1¥ L -c IDnlt~t1.6 n'. :§K11::~ ntc:<w~1J,WJilc·n"lh:izMi0Jttnri'iJ 
t::ri'iJ-::i -C;!Jjjj--g 6 5K1ft?~f%jjj$ t _ 

(1- 3) WJlJc)J"ll!iz$l::~1iL.Js.:ffli;i;JH::IDff\t~:h6iJ>, ntrllc'.fr~$(1)j,·~< c i-$~ 
IDff\tT 6 J: "3 t::.ivt%~:h- 1JrJllc:§K1:.k0iW~7J>-ffWt::irii.A~:h-ciu,1~~:h6~~t, 

H -4)Wlllc~~c~1i L -CIDff\t~:h6h>, 1Ji1lJc)J"ll!iz$(1)3'''£< c {;-$?i--IDff\tT 6 
J: -3 t::JvtID~tL- irucilit~0f%.tln'ntrilc~JE$t::ri'iJ-:, -c:f%!irt 6 ia1ft<#'~f%!1JMi t _ ?i--flm 
i_ 6-:. t ~~wrc T ,bJ\1 f 0 "1 1<~0rom~ffi:◊ 
[ JEBJ}(1)~f~'£~8JJ] 
[ txff.f )J"ff l 
[0001] 
*1EBJI!j:, -¥;,j;~ffi@J/la-~1:i:'£ c:·0~?i--{#t;fJT 6 tc:&":icT){#t;fJ~ffi:t::{* 0 , !t~t::, ftiJJ 

tfit-f.zll;0ffl~11::t::J: 6f%t;fJJJj.\ t 7 1 >&U/£ t.:a 7, > t= J: 6 <WWnA~ HtfflT-5 }\ 1 
7·· l) "I 1< ~ ( ~ ts.: ti, i!h''i"~ ) 0<%':W~ffi: (;:rffl--g 6 , 
[ 1r:ll't tlEff .f ] 
[0002] 
-¥;,j;-f.zll;*-=f0~~ft0ftJtri'iJt::J: 0. ·'i'4f1 >1v-1v:t>ID'L, --f:ht::J: fJ, -¥;,j;i** 

-=f ~fflff\tT -5 ~-=f@Jll%0~¢ih'~ < ~ 6 .: U:: J: tJ , lttfil:ffifff.~/,PJ 0 1'- 3 > ~_;-;z. :7Jxii~ 
1J□ L -C, ~-=f~fFm01J,~fl::, ~ttiNl::?i-- ~mt Lt.::t{, --fht::ff-J --C-¥;,j;-f.zll;*-=f0¥{i't:ffiffi 
~ tJ 0~JEitt.$iJ1J!?::J:::Jt L ts.:? -:. 0 J: -3 ,j~Jeffx.$0)~1J□tl:, -¥;,j;-f.zll;*-=f0t!:F1t0f.J:f T 
&tF~,w0mmY~ b t::. 0 L, ~t~a{Ji=u, -¥~{**-=f ?i--t;!Hij Lts.: S,- 7.. T L(J)f§°lfff&?i--{ll;T 
~ -It 6 o 1~t::, -¥~~*-=f t::t-5~ ,-c tL -f 0!1Jf1=1£JJ:i::J. -::i -C ~ff1,3 x- >'fi!l'.b'1Ril.tti:: 
:'J2f t L -C , ~ffi@J /la-JJ~fi ?i-- J! ?:: ~11:: ~ -tt 6 o 

[0003] 
::.0J: -3 ~~JE'ltt.$0J::.~t=:x1JiS l -C, -:.h?i--{#t;fJT 6tc:&":l0?%:WtlE#ib~ L -C 2- ts.: 

t;, _ 1dU0JH!'m'131,J'£f%:WtlEvt.f t L-C tL 7 1 >- 7 , ><#:!IJJJA, ~~*-r<WW"n"A _ ili 
-f.zll;IJHlt i#t;fJJJA, ii7J<:iw:WJJA _ t - }- J, 1 7°<%-WJD:\~ c:· :t, ~ -5 o 

[0004] 
WJllc7 1 >-7 7 >--ro:W-:1JA,i, 7 1 >&U/£ts.:LJ:7, >?i--t,im L ""C5~HM,t:W2--tt-0 
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( 6 ) ~~2006-513577(P2006-513577A) 

11$-Z·ib 1J, 15(+:$-Fa'i~ < ;flJffl ~h --C ~ t:::hi, / 1 .:x.:, ~&tF*~ \. ,f;t.ff t:::.rtrz--ciwtn 
xfJ.$.tt{Jh \ c \., -3 Fo'ilm,~i}ib-t> 0 it:::, ntr~c.~~*r-t#"tf11JnJi, / 1 ;z:.:, ~,i~\. \7]t , *~ \.-i!fill/J~i/ffib~~3.l<~h --c, ii,Jv3f·-i~fr¥$ff1H:::J.: •) r□1~ffl.tlt·£,~W.__l_0~~0~ 
ii!f~@i:iJ;~3.1<~ h-6 t \. \ -3 Fo'i¥1!,¢.U;iib -t> ◊ it:::, ntr~c.~f;t.n;~ti#"tf11J5:l:Ji, ;l}J.$.'tit:::fl: 
fl --c :B IJ' t%tfl~O)liff3i:O)_=Eifii(;:7£--:, --c \, •-t> 7J', :>'H~~i)]t~5flJfflT -t>?Wmt;t" 1/7°7£ c:·~1'£ 
m L--c, --c0:ffl~h{~~-z·ib IJ, m:n0~~~ ~< stit, 1mAm*~r~tlffit:::JffifflT-t>:t1; 
-@;-, D J\::Z}. ~'¾;?fhi'B L \, l C \, i 'J Fo'j¥1[;i:i{if) b o 

[ 0005] 

1'!i1ic.0J: -3 7£Fo'i¥1!,~t:::J: IJ, :5:ilictt, t- t-J,17"<#"W1J5tU, :ffl~bifMJiic·ib IJ, 
~,ttt~g,-·cib-6 t \,,-3-KrJrhiib 0, ntr?c71 ✓- 7 / 1/1wtn~@itiH:::,J,~<wtn~@it 
L --c ~ ffi7£7Btlc--C' J1: < i~ffl ~ h --c \, \ ◊ ◊ T7£ ;b-f:J' rRl 1 ?:::~T J: -3 t:::' im'ma'.],;c t - }. } \ 
17 c 7 1 1/- 7 T 1/ t ~*a-& Lt-.:<#tfl~@i 1 0 U:, ,fO)~)ljjijt,i~mt 2 0 t filM! Lt-:: t -
t-1,17° 1 2 t. wrict-t-J,1:r120f-ff1)ljfilt=~'k@i~ht:::~Jx071 ✓ 1 4 c, 1Ji1~c7 
11/ l 40ili1it:::~@i~i1.tc::711/ l 6 t ~fFm;z_ --C, ~i!ffi2 O:h·Gll&J[)(~htc::~~ntr~c7 
1 .:.,, l 4 t:::J: "'.) --catei"" 6ffl~~fl°T 6" 
[0006] 

Lt::. L, ntric0 J: -3 7£ t - t- J, 1 7° ~ f~ffl T 6 {#tfl~'ili 1 0 --c· u, m f;t.& VCiilf;t.0ifiijjJ 
h rtiJ tri=n \ t:::.i:fi!'"C if) b t::: ti)' ra'J~ilt> t - t- n 1 7° t::: E:111.JU ~ h ◊ :t1;if' ?e:i:fc: T ◊ 'A pf,;O) ]fil 

\, •?Jf!Jfil t= J.: I) - it'Uffi$t,, G ?#.?ei'llH:Jffl:liT ◊ ~f*:iJimfittlillJ$ t:::Wt.F® \, •ib i h --c ' *s .Faj 
, ?#.?e$i--C'Jffl.i~t·~ f, ..:. ftt:::J: IJ V "31 7r'J r-:iJi~T 6" it:::, r,1 70F9$t·m 
1t.~ht:::,#tltli, f¥-:h tEE:h t O)~(:::fiXif L --C'lo/j)J L, t- }.J',17°0F9$c·tL iil1t.~ 
ht::: i#t¼tn'11lHii$0t¼tfat 0:ffl~r.Y-tt 1 ;( t::: J: "'.) --c :m::h t::: fiXifT 6 t:::tl), ~§f:@i--af l'J~~fil@i 
(;::~ < 0)/alj~j:i)>it) ◊ C \, 1 'J Fc,'j¥1(,~i)\2") ◊ 0 

[0007] 

]I!(::, ftiliJJ$~!!.JJ/1@i0J: '3 ~r□1~:flft.~ht:::-¥~~rU:, ,f0)?£~,..m.t,,, 1lE* 
0<#"!11~@itti~!!.LiJ,t:::\.,~0~ilt'ib !J, ntrfct- t-J,17°c 711/-711/ t ~ 
~-& Ltc::ffl~O)<%tfl~@i 1 o t:::t:;~ 1 --C li, =-:Ji tc:!i(19-:Jt:::J£T 6 t- t-J,17° 1 2 t , 
=-:Ji t.:U:-f:hJ,:J.__l:_07, 1/ 1 6 t ~fFm x.btfl#trJf.i,T---afl'J~~c~it~c·2n 6 ◊ ..:. 0J: -3 t:::, 
:fflrot~*JJ{!mlfc,:Mi~1J□Thtf, -f 0-tt 1 ;(f.i,'1Fmt:::*~ < 7£ !J , it:::, 1,, < -:Jt,0 7 1 1/ 

1 6 t::: J: -5 /.1 ,-:(&tl~:hii!f;f€li11%'ia1i:::±t11J□ L "C, *8fiii, ~ffltl:~*-3 t ~ • 3 Fo'i¥1!1,~h' 
2D 6" ..:. 0 J: '3 7£ Ieti¥0 t - t- J '1 7°i#tf12E: V .::i.. - 1t.-,0m.Ji'JrtL ifiit,f,;0ffi~1t. ~ fiJfflT 6 
t L--C li, ta.Fajtt_ 1At 100:f10711/~frL "C~~f:R~~-l±-btf,;ct:,,;c1,,tc::tl), 711/EI 

f;t.t·0~f~fi*i)t, t- r-J,170ffi~1tt¼tfatc·0~1:R3:¥(:::.rtFZ "CiJ.t~T 6 t.:Y)'Z:'ib -t> 

[ JEBJ}O)lffl~] 
[ JEBJib1'-'1i'.i:R L J: -3 t T 6 ~¥1!] 
[0008] 

2$:JEBJitL ntr~c0Fo'i¥E,~ ~ RIRR-t 6 t-.:tl)t::,;c~ ht-:: i 0t·ib --:i --c, *?eaJI0 §af.Ju, m 
~ft!F-'r0iw~i:::J: o<wtnt, ~Jit.&tFxt?fiit:::J: o<wtnt ~fiHri"" oiJ,~O)J\1 f 1J "Iv~ 
0?w!IJ~@i~tlf*T 6 t..:. 6 t:::ib 6 o 

[ 0009] 

it:::, *?eaJJo)f-f!10) §a'.Jtt, 7 1 ✓ t 7 1 ✓ t o)rmt:::J \1 7•' 1J ·Y v~O)i#"tfJ~@i~jljcJI' 
L "C, 711/~fr Lt:::~f:R~0ti*~ft1Ht.L i#"Wtt§~~rti:JJ::.~-!±-t.:1J\~O)J\1 fl) •y 

fl#!IJ~@i~tl~T 6 t..:. 6 t::ib 6 o 

[0010] 

it.:, 2$:JEBJJo)]l:!/,:::11!10 § a,~tL ~110~ll,!'t:::1¥:11*,;c«wtr11!1:~~~~c·~ 61J,~O)J\ 

17·· 1) •y V~O)t%tf1~@i~t-'H*T 6 c..:. 6(:::ob-6 o 

[0011] 
i tc::' :;$:}EBJ}O)]l:!(:::{{hc7) § a'.JtL f1@ifil@i"'?:%Ji'M:::~Waf.J7£ffi1J~j:iJ>7£\, vj,~O)J\1 f 1) 

"1 V~0i#"W~@i~tilf*To t ~61:::ib-5◊ 
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[ ~llrn~JiJ¥#!T 6 t::_(l)C1)-¥f9: l 
[ 0012] 

( 7 ) ~~2006-513577(P2006-513577A) 

Hi1~c El a~~~,Ql{;--t 6 t::.(l)t=, *3EaJRL P'HmC1)~iwn,t,cr>~~?wtn2'-it 6 t::.(i)O)J \1 --f 

lJ ,y r ~O)?wtn~ti:i::;1:51., Y-C, rq$t=t1=1~11::--t 6 <tmO)ffiffllv-7°:1J,JBn1t2' :n-£i n', .f-0) 
-nm t= 5:i'-lhit'&IB ~ fFm i_ 6 ffl~f I:: ?wt11* c , wr~cffl~f I:: tfrtlJ*0),5:i'-pjjz{IB i=~ti: 2' ht:. 7 r :., t 
~ {Fm x.. 6-/J>, WJ~cffl~11::?wt11*tL -f- C1) j:fq$O)-~t=Wmt 2' h6 if< WJ~i:~1:kO)?wtll-fJ>-=§ 
i\!Hl'gm*t= J.: -:, --C 1-'~ < c 'G -$ t::1EJ:1! 2' h, 1EJ:1! 2' tl.f::.iiilf.O)?wt!tiJ'7~$ O)~~iJ, G {i' 
x.. t:,ht::.~t=J.:-:,--Cm11::2'h6~~t, M~C~3E$cflti L--C%nlt2'h6-/J>, :m{l::2':h 
t::. <Wtllb>lruc?J'-1Uit$i:: 1P1-:, --C fil!J-t 6 :m t:k?wtllffl!J$ c , lruc?J'-11Jit$0):1,'~ < c t,-$ C1) 
flJl).~tr•it-:, --c, WJ~c:m1:k?wtllfJl!J$ c rlti Lt::.flJ{~t=%n!t2'ho 1J', 1,·~ < c ti =W:t::,51 
lhit2'h, 1J11~c:mtkO)<wt1t1J,~txt=,ttmi2' hb ~ml$ t , ruc?J"'IUit'iIB0):1-·~ < t ti-'iIBO)i1J 
:f:!l¼--Cit-:> --C, WJ~c,t'Eml$i::rlti LJ::.i1Ji:f:!l¼l,::%nlt2' :ft 6 ;Q', lruc~JE$ c Im~ 2' h, imki= 
,ttmi 2' ht::. l%t!liJ>WJ~c~3E$ t= [jj]-:, --C fHhT 6 ilit:k?w~jjJ{IB i:: , M~C~3E$ c WJ~cf/Itx 
1wm~jj]$C1)1'·~< t i-$~1t~~~-it0i'lli~$t, ~-fFmx..0J\17·· 1J .,, r=:~C'.)?wtn~ti: 
~tJM:!1;-t6 o 

[3E~~*~T6~(l)O)fi~O)JB~] 
[0013] 

J;JT' i;f.iftl;ffiffij ~~!1ij L --c :;f;:?EBJIO)jff :i L l, 1~niflBfl'&t=~ l,, '"( ni!!Hit::maJI--t 6 0 

[0014] 

:t f, 1:ill 2 ~~!1ij-tht:.L 1:ill 2 tL *3El3JIC1)~ 1 ~»!!iW~i=J.: 01\1 7' iJ ,y r~C1)1wtn 
~ti:0)-'fftfrOOl:ffi--c· it 6 9 l:ill~-t 6 J.: J t=. *~»!!iID:ti'&t= J.: 0 J \ 1 7·· 1J •y r ~ O){wtn~ti: 1 
Q Q !.::L ,fO)j:fq{IB(;:ffi~11::T -b{'jj"itO)f}jijffiJV-7°/J>:JB)Jx;2',fl0 ;Q'>, -f-C1)f}jijffi}l,,-7oC1)1,•~ 

< t t,-$tL q:r~O)~t=%1hit2'ht::.$-5:i" (t:J.T, ",5:i'-11Jit$" ) J.: IJ:ffl_Ql{;2't1..6ffl~,fr. 
lwt11* 1 1 2 t, lrucffl~1l::?wt11*v>%11Jit$0)$~t::f~@'.2'ht::. 7 r:.,, 1 2 0 c, ~fiffi x.. 
0o 
[ 0015] 

Hi1~cffi~1l::1#rtl1* 1 1 2 0)1\ ry S,-::.,,:;>TL :y lJ :::1 /'-?if lJ r'J .b.O) J.: -3 ~-'f~~~iL El 
~*a*lffi)l]m ( S e l f As s e m b l e d Mo no 1 aye r ; SAM) O)J.: -3 ~~ 
*ttti:Jii!f:'011!, ~{i'~$t:: 11:ht::.~ffi :it::. !:i 7 Jv 2. =.. r'J .b. C1) J.: -3 ~iif~!tb!Jtf & U/ :it::. tl: -f­
h t, 0)-i'iiif!tb!J~' {: 7 2. •y ,;,, ~}ii' 7° 7 A 1-- 'Y ,;,, v) J.: -3 ~ ~?J'--=f-!rm~-'?' .y· 1 7 t / r C1) 
J.: -3 ~mi'hI3atfttf'~~ t' C1)§;.:m~*:ttt·!JH~2' h -3 6" ~?::, 7~$~~iJ,-'f~fili;1-- •y rr:- it 
6 :tl-i'i, :t~'&IB~~m{O)~ffiWijtf c lnJ t!tb!Jtf J.: IJ JBJ£ L --C, tiij~n£vt~fi1J,1tt·~ 6 o :it::. 
' wricffi~1l::{#rt11* 1 1 2 iJ>-'f~~!f;'.iJJ:tt·~~2' h 6 :%-i'it::G:i' -'f~~-r •y 7°0)~~I:f¥ 
t·, WJgcJ~'i'IB~i,l!]tO)~lfil!l=WJ:f t-i*l=~ 6 J.: -3 t:::JUnlt't' 6 ~ t t 'i!Jff~t•it 6 ◊ 

[ 0016] 

0:1, •t·, wricffi~1l::iwt11* 1 1 2 rqt::a:J...2'ho ,wtJttL :$'~$0)~t=J.: 0 fritf.U~t1xt 
C1)ffi~1!:: ~ ?e!E 2' -1t1f 6 b C1) b• t, ~tR 2' h -3 6 0 **»!!i:1B~t= J.: htL wric iwtlt C L --c ' 
i~~& u·*oo~:h er)*~ 1., vJ< ~{ffflT 6 c:. c b'>tff :i L 1, •iJ', 2:. hU:, ~~i75~~ ~.II: L--C 
' 7v:T✓ (CFC) *5rji.7)(tg~~fflL~v•2:.t-/J>:tff¾L~4::.Y:ic•it00 
[0017] 

:it::., lrucffi~1l::lwt11* 1 1 2 O)t,f J:f i:: J.: tJ , -t O)rqfil Uwit c O)i'a"JO)*ffi~:;IJ 0)-Jt 1 
:.z·iJ,~;bb t::.(l), *?EBJIO)~~?::Js~ •--C (:i, Z:.ht::i@Lt::.1tg~~iR--ttbtf~ G~1., •◊ fy!J 
x..tf, JJ<UP'H:: t, ;,{ Y /-Jv :tt::.,tx. Y /-,v~ cC1)71v:::1-1v*C1)1#rt!t~~ffl-t 6 ~ 
ti nJ~t·cb6 0 1ruc:O)J.: 3 ~7J<-'?71v:::1-,1,*C1)<wtJlC1):%-i'i. ~~:liiJ'*~ <, -'f~i* 
!l=WJ:f O)jiq~c :7>i'JlO)*lli])l1J t:: J.: 6 tfij!l!:fllb>.1J,2' v ,t::.(l), 1wgC1)jJiG~iJ'*~ < ~-:, -Z, §;. 

_IO)~~fi~~T 6 C1)/,::1ftrJt•it-£i c (, -3 ~Jilr~1fT 6 o :it:., *:itc:U71v:::1-n°*C1)1w 
tJlO);if.,j§-(;:U, 7 t,:;t:.,*CT)(tgt:i~h --C, it6f.lEi=J(;:J.:-:,--CWJgc.ffi~1!::?wt11* 1 1 2 b• 
G iffih --C ti , ~:t_ii75~0)fb"JMb>3E!E L ~ v , o 

[0018] 

= C1) J.: -3 ~i#tJlO)~tR!:i' *?el3JIO)~nmC1)f::_(i)C1)lji~~f~gtl¥-J~~tRlH][ t=~ ~·-~ ~ ,t::. 
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/1) _ *§EaJJo:rf'xfit-raf.Jii'ilffi~ filUE'.'°t 0 t 0) t·i:t~ 1,, ◊ 

[ 0019] 

( 8) ~~2006-513577(P2006-513577A) 

l;Rfjy;-t 0 J:: 3 t::, Willcffi~1l:i%:Wti 1 1 2 u, f-0)17'J~k.,>-f!iffit::%mt 2- tL ob"< 1Ji1fct~ 
:J.kO)J#:miJ•·=EJffiirJ].iU::J:: -J -Z j,-~ < t 'i>-@IH::,i:;J:~2-.h, 1E~2>t'dc:i~t1:0)J#t!liJ"7H'fli 
O)~~ c l;Rfjy;-J:tf ) ;1;, t:., ii: ;t r:, .ntc:~ t:: J:: ") -z mf t 2- .no ~§E$ 1 o 4 t , Willc~§E$ 1 
o 4 t ~lti L -Z %fflt2>:h.6 iJ1 , m1t2' :h.t.:;#t!lh1, -f"-O)fE:1J~t:: J:: -J 't"JlJT5:it:1:fftiJt::~j!Ji"" 
6 m:f.k1#ffl%j!J$ 1 0 6 !::: , IJfJ~C'A1Xi#:!liH~j!J$1 0 6 t ~i L --C%fflt2>tL6 ;/J'>, -=rJti:: 
ii"IIJ;l2-.n, wricm:J.k0)1~iJ"imxt::~i$1l'r2-:h.0iffW$1 o st, wrnc1.~m$ 1 o s t::~~ti 
L -z YBmt2-:ho it< Willc:.~§E$1 o 4 t 00r~2-:h., W:f.kt::aHM2- nt.:1%t1ttJ,wric1.~§E$ 1 
0 4 (::[ti}") -rttj!J-t oflt:f.kroitf1Jj!J$ l O 2' 1 1 0 t' ~fJm;: ◊ 0 *~M!78J'i&'Z'U, WI 
icilffil$1 o s &L(Rfl.k<#t!lUj!J$1 1 o iJ"Wiicii"!IJ;l$~fflnlt-t o 0 

[0020] 

11,1icffi~1t<#Wti 1 1 2 17'1 t·, Willc1#:mtL 12100 O)*E!J:1Jfti1 t::jfh -r ffiliffl1v-7° ~%mt 
-t 6" -t~b,s, 11i1ic~§E$ 1 O 4, 11r1icm:f.ki-%:mf%j!J$ l O 6, 1Juic:9!IW$1 O 8, 11r1 
llcilffi1$f!!)JO)j~:f.k1%:mf5j!J$ 1 1 0 &UWJllc~3E@IH.![IJO)~:J.k<#t!lf$j!J$ 1 0 2 ~ Jllf[t::;iffi -J 

-r ffillffl 2-:h.6 J:: j t::mmt 2' :h. -z t '0 C 

[0021] 

*3eBJJO)~:litt!lBJ'iJt1,::J:: ") -z ti, Willci~:Jx,i:muj!J$1 o 2, 1 1 o O)JlJTJE'.fl.1t1.i~H::-5EI 
O)i'7:i:jjc0){%gi),~1¥2>:h. -5 6 J:: -5 t::, :i@~~~fl~ 1f-t 6t#:t!l~1¥$ ( 12[jy;{tf) ~ -~:i:: 
fJm;: -5 6 o fvlJ;ttf, WTllt}t3e${![IJO)~:f.k<%t!lf%j!J$ 1 O 2 O)fl]i~iJ,,#j.lf*1'¥$ t L "ClBfflt 
2- :n -r 1.tm 2- :n 3 o 0 

[ 0022] 

11,1ic~'.}E$f.!!!Jo>t~:J-k1t:mfij!J$ 1 o 2 0)-fr/M < "t±:l □f!IJ" > i::t:tWillc~3e$1 o 4 iJ"~~ 
ti l., "C %fflt2>:h, Willc~3e$ l O 4 LL tUiO)wUHl-r-Y :.-<t,JviJ"%fi!t2':h. -Z, -=§m'WJ].~ 
t::J::--:i -zwric1ittir.Hl+-Y:.,, .t,,1,0)j,,'~ < t i-$£ tc:U~$t::, wric~3e$ffl~O)~:Jx,%:mri 
j!J$ 1 0 2 t:: 1*1¥ ~ t"dc: <#giJ'>JE!~ ~ :h. 6 0 £ t.::, rue?.~~ 1 0 4 t:L j~$0)~~ ( l;Rf 
jy;-J:tf) t::~ti-t 6 J:: -5 t::~~@'.~:h.6 b", f-h.t::J:: IJ, 11ui~~;o,t:.,ff,:;t 0 :h.tc::~t::J:: tJ 
, llicwUHl-r-Y ✓ .t,1vt::1tt~ ~ntc:W:fx0)1#t!liJ"){Ht~.n -z, m:f.ko:i1tt1tt::m~1r.~ no 
0 tJE--:i -z, wric:1.~~b,t:,o:i~ti, wric1.ro:mo:im~1r.t::J:: o~'l&~,i c:·wrfc,i:mt::IY:tJN~ n, 
ffiztT 6 J:: -5 t::, .§K:jjc0){%t!l~~{.JC~i$1l'r~-l:t 0 ~ t t::J:: IJWillc~~O)~~~*i"" 6" 

[ 0023] 

llic~UHl-r-Y:.,, .t-Jvl7'J'c'O)~IfilifR1JtL ii::tJ J:: IJ *~ < 78nlt~ :ho~ t ;o>ftf £ Lt·◊ WI 
icfntir.Hl-r-v- / .t,Jv(::,t;tj;~:h.tc:w:f.k-Z" ib o{#:mO)_;,( .=.:x..t; 7..0:)tfil!flH:;lA,~ ~ •!ic::''t!f £ L, 

1, ,i)'>, ~ O)fc:!'1)t::t;;L IJU~cwUHl-r-v- Y ::f,Jl,O)p';J!!~ ~1'11:~1:f-t 6!f°'})Jii J:: 0 %nlt-t 6 7J', 
£ tc::tifflJJ<tto:i~f.!E~~ni!ii"" 6 ~ t t,tzf £ L 1t •◊ ~ O)J:: -5 ~fflJJ<ifi~f.11!!::: L- -Z U, fvlJ;t tf 
, :.x•1::3fxl!I£, ~~:171!:f.!E, ":J.--::;-1::.,,f~I.!I!, ~eW.11!, 1/-;,··1s:>;:;,··w£, r:::,:::z­
?xl!:I.11!, v---lf-~I_I~ c:·1.rr&:> 6" £ t.::, {-O)~ff,:j¥$~ ftiJJ:::.~ -tt 6 fc:ci)t::llicf*UHl-r-Y 
Y.t,Jv0)17'J:!l!O)*ffif:fll.&~~JUilt·~ ob•, *'.J 1 A~P l.,¥.J 1 0 0 ?.ii'ilffiO)~Ifil;j;11.JJ'{~1f-t 
6 ~ t b"ftfi Lv•◊ 
[0024] 

~t::' WJllc{*Ulll +-Y / .t,Jl,O)[ffmRL [gftf)fgJ,:J.YH:: L fII%' ;fjfIIJ8' l![:1J%' 1E:n% 
, ~:Jljflj~ c:·o:i~-m~IDJ'iJ~1fT 6 J:: 3 i::%JocT 6 ~ t b c·~ 6" t~t, WJllcfittm-r-Y Y 

.t-JL"O)•!t¥-:1Jfti1 ( i""~,b,s, Xl!!!l!:1Jfti1) i::ifh Zlt~OOffl~f:W1.J□£ t.:!:t~".:!-•'2-'tt 6 ~ !::: t:: J: 
IJ, {#:mt O)!mO)*IfilifR:1JO)sJt1 .::z::~m1Jf;Ellt•~, f-0)17'Jfilt::~Ji0):7'Jv-f£tc::U/- r 
~!~@'. L-Z, ,#:mO)f$j!JJjfnJ ~~5E-t 6 iJ,, £t.::!:t1~0)'fyj!J~)J'{~ffi1Jf;Ell-t 6 ~ti, nffi~ 
t·&:>o 0 

[ 0025] 

<xi., t·, wric:1.~~ 1 o 4 t·m1t ~ ntc: 1i:mi:t, rue:~3e$ffl1JO)t~:f.k<#:mf%j!J$ 1 o 2 
0)~:1JftiJt:::fJj!J-t 6 iJ,, ~ 0) J:: -5 t::, .mtto:i<#t!lt,f%j!Jt·~ 6Jffi/t-&o:if!Uff :fi--5 .m:f.k<#t!l 
fyj!J$1 0 6 zWJllc:.~3e$ l O 4 t::~Jti L, -ZlB!ocT ◊ 0 i;Rfjy;T 6 J:: j (::, WJllc.mt.k,%t!lf% 

SEC et al. v. MRI 
SEC Exhibit 1022.2750 

IPR2023-00221


	8698_16933932_08-26-2020_FOR
	8698_16933932_08-26-2020_FOR
	8698_16933932_08-26-2020_FOR
	8698_16933932_08-26-2020_FOR
	8698_16933932_08-26-2020_FOR
	8698_16933932_08-26-2020_FOR
	8698_16933932_08-26-2020_FOR
	8698_16933932_08-26-2020_FOR
	8698_16933932_08-26-2020_FOR
	8698_16933932_08-26-2020_FOR
	8698_16933932_08-26-2020_FOR
	8698_16933932_08-26-2020_FOR
	8698_16933932_08-26-2020_FOR



