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SISTEMA E METODO PARA CONTROLE TERMICO DE UM VISOR 

ELETRONICO 

Campo Tecnico 

As modalidades de exemplo geralmente se referem a 

sistemas de aquecimento / 

eletronicos. 

resfriamento para visores 

Antecedentes da Tecnica 

Os visores eletronicos tipicamente sao usados em 

ambientes internos com temperatura controlada. Embora a 

10 temperatura circundando o visor pudesse ser relativamente 

estavel (pr6xima da temperatura ambiente) , os componentes 

do visor podem gera.r uma grande quantidade de calor. Caso 

nao removido apropriadarnente, este calor poderia danificar 

o visor ou encurtar sem tempo de vida. Os sisternas de 

1 r:. - ., transferencia de calor condutivos e convectivos 

tradicionalmente tem sido usados para a remo9ao de calor de 

componentes eletronicos em urn visor atraves de tantas 

paredes laterais quanto possivel do visor. Embora esses 

sistemas de transferencia de calor tenham desfrutado de uma 

20 medida de sucesso no passado, os visores eletronicos de 

hoje em dia requerern capacidades de resfriamento (e, em 

alguns casos, um aquec:i.mento) ainda maiores . 

Os visores eletr6nicos modernos agora estio sendo 

usados em ambientes externos, bem como em outras situac;;oes 

25 em que a temperatura circundante pode se estender acima e 

abaixo da temperatura ambiente. Alern da transferencia de 

calor do ar circundante, a transferencia de calor radiativa 

do Sol atraves de uma superficie de visor tambem pode se 

tornar um fator importante. Em algumas aplica~oes e 

30 localiza9oes, 200 Watts ou mais de potencia atraves de uma 
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superficie de visor come essa sao comuns. Mais ainda, o 

mercado esta demandando visores ls vezes de alta defini9ao 

maiores e mais brilhantes. Com o tamanho de visor 

eletronico aumentado, mais calor sera absorvido a partir do 

5 Sol e mais calor sera transmi tido para os vi sores. Para 

competir com a luz ambiente do Sol, bem como com reflexoes 

circundando as superficies, os visores devem produzir mais 

luz, o que tambem tipicamente resulta em ma.is calor gerado 

pelo visor e/ou seu conjunto de luz traseira. 

Ainda, em algumas aplica9oes, a temperatura pode cair 

abaixo da temperatura ambiente. Alguns componentes de um 

visor eletronico podem funcionar maJ., ou podem ser 

permanentemente destruidos pela exposi9ao a essas 

temperaturas baixas. Por exemplo, a performance do material 

15 de cristal liquido em urn visor de cristal liquido (LCD) 

pode ser afetada por temperaturas baixas. 

Sumario das Modalidades de Exemolo 

As modalidades de exemplo podem canter um ou mais 

recursos de controle termico mostrados aqui. Uma 

20 pluralidade de recurses de controle termico e mostrada, e 

estes recurses podem ser utilizados sozinhos ou em qualquer 

combina9ao. A combinac;:a.o precisa de recursos dependeria das 

necess:Ldades de resfriamento / aquecimento em particular do 

visor em questao, o que tambem dependeria do tipo de visor, 

25 do tamanho do visor e de seu ambiente em particular. As 

modalidades podem ser praticadas em qualquer forma de visor 

eletronico, incluindo, mas nao limitando: LCD, diodo 

emissor de luz (LED), diodo emissor de luz organico (OLED), 

visor de emissao de campo (FED}, tubo de raios cat6dicos 

30 (CRT), plasma, e visores de proje9ao. Uma modalidade de 
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exemplo seria praticada com visores de LED. 

Um recurso termico se refere a um sistema de 

resfriamento de gas isolado. 0 sistema de resfriamento de 

gas preferencialmente e um la90 fechado que inclui uma 

5 primeira camara de gas que compreende uma placa anterior 

transparente e uma segunda camara de gas compreendendo um 

pleno de resfriamento. A primeira camara de gas e anterior 

a e co-extensiva com a face visivel do visor eletr6nico. A 

placa anterior transparente pode ser regulada a. frente da 

10 superficie de visor eletronico, definindo a profundidade da 

primeira camara de gas. Um ventilador de camara de 

resfria.mento, ou um meio equivalente, pode estar 1ocalizado 

no pleno de resfriamento, e pode ser usado para a propulsao 

de um gas em torno do la90 de camara de resfriamento de ga.s 

15 isolado. Conforme o gas atravessa a primeira camara de gas, 

ele cantata a superffcie de visor eletronico, absorvendo o 

calor da superficie de visor. Devido ao fato de o gas e as 

superficies relevantes da prirneira camara de gas serem 

transparentes, a qualidade da imagem permanece exce lente. 

20 Ap6s o gas ter atravessado a primeira camara de gas 

transparente, o gas pode ser dirigido para o pleno de 

resfriamento traseiro, onde ele e resfriado. 

Um outro recurso termico pode utilizar o sistema de 

gas iso1ado coma um dispositivo de aquec:Lmento, ao :Lnves ou 

25 alem de suas capacidades de resfriamento. Um sistema de 

aquecimento de gas isolado tambem seria um sistema de la90 

fechado com uma primeira camara de gas anterior a 
superficie de visor e uma segunda camara compreendendo um 

aquecimento pleno ou um resfriamento / aquecimento pleno. 

3 O Os elementos de aquecirnento podem ser posicionados no 
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pleno, de modo a se aguecer o gas na segunda camara. 

Conforme o gis ~ for9ado para a primeira cimara, ele pode 

transferir seu calor para a superficie do visor. O gas 

entao pode retornar para o pleno para um outro ciclo de 

5 aquecimento. 0 pleno pode funcionar como um pleno de 

resfriamento apenas, um pleno de aquecimento apenas ou um 

pleno de combina9ao de aquecimento / resfriamento; tudo 

dependendo do visor em particular e de seu ambiente de 

operar;ao em particular. 

10 Algumas modalidades podem 

eletronicos usados para operar;ao 

colocar 

do visor 

cornponentes 

eletronico no 

pleno da camara de gas isolada. Os componentes eletronicos 

podem incluir, mas nao estao limitados a: transformadores, 

placas de circuito, processadores, resistores, capacitores, 

15 baterias, motores, suprimentos de potencia, dispositivos de 

iluminac;ao, fia9ao e chicotes de fiar;ao, e comutadores. Se 

o pleno estiver sendo utilizado como um pleno de 

resfriamento, o gas de resfriamento no pleno ainda pode 

ajudar no resfriamento dos componentes eletr6nicos, o que 

20 natura1mente gera.ra calor durante uma opera9ao. Ainda, se o 

p1eno estiver sendo utilizado como uma fonte de calor para 

o visor, o calor natural dos componentes eletronicos tambem 

podera aquecer o gas no pleno, reduzindo-se a quantidade de 

energia a qual precisa ser aplicada aos elernentos de 

25 aquecimento. 

Um polarizador linear pode ser usado em algurnas 

modalidades para se reduzir adicionalmente o carregamento 

solar sabre o visor eletr6nico. Este polarizador pode ser 

usado em combina9ao com a camara de gas isolada, ou pode 

30 simplesmente ser posicionado anterior ao visor eletronico 
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com um espa90 de isolamento entre o polarizador e o visor. 

o espac,:o de iso1amento reduz a quantidade de calm~ que e 

transferida entre o polarizador e o visor. 

Alguns visores eletr6nicos, tais como LCDs, por 

5 exemplo, requerem um conjunto de luz traseira para a 

prodm;:ao de uma imagem sabre a superficie de visor. Os 

conjuntos de luz traseira sao tipicamente uma fonte grande 

de calor para o visor. Assim, algumas modalidades podem 

utilizar um sistema de convec9ao constrito para 

10 resfriamento da unidade de luz traseira para o visor. 0 

sistema de convecc;:ao restrito pode compreender uma placa de 

convec9ao +- • ..._ res .... r1L.a, a qual e posicionada em grande 

proximidade com o conjunto de luz traseira, de modo a se 

definir um espac;o. o gas e forc;ado atraves do espa90, de 

15 modo a se :facilitar um resfriamento mais eficiente do 

conjunto de luz traseira. Em algumas modalidades, uma 

parede do pleno pode constituir a placa de convecc;ao 

restrita. 

Algumas modalidades tambem podem utilizar um 

20 dispositivo de cortina de ar, o qual fon;a o ar (aquecido 

au frio) sobre a superficie externa do conjunto de visor. 

Finalmente, algumas modalidades podem usar um conjunto 

de fluido, o qual cantata um fluido contra a superficie de 

visor, de modo a resfria--la. o fluido pode ser uma forma 

25 substancialmente clara de fluido resfriante, o qual e 
bombeado atraves de uma cavidade anterior, a qual inclui a 

superficie de visor. 

Breve Descri9ao dos Desenhos 

Um melhor entendimento das modalidades de exemplo sera 

30 obtido a partir de uma leitura da descri9ao detalhada a 
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seguir e dos desenhos associados, onde caracteres de 

refer@ncia id@nticos se referem a partes id@nticas, e nos 

quais: 

a_ FIGURA. 1 e uma vista em perspectiva de uma 

5 modalidade de exernplo em conjunto com um visor eletronico 

de exemplo. 

10 

A FIGURA 2 e uma vista em perspectiva explodida de uma 

modalidade de exemplo que 1nostra os componentes do sistema 

de resfriamento de gas isolado. 

A FIGURA 3 e uma vista em plano de topo de uma 

modalidade de exemplo da camara de resfriamento. 

A FIGURA 4 e uma vista em perspectiva dianteira de uma 

modalidade da ca.mara de resfriamento isolada, 

particularmente da .f: ~ • super.,.1.c1e anterior transparente da 

15 primeira camara de gas. 

A FIGURA 5 e uma vista em perspectiva posterior de uma 

modalidade da camara de resfriamento isolada, mostrando 

componentes eletricos opcionais posicionados no pleno. 

A FIGURA 6 e uma vista em perspectiva posterior de uma 

20 modalidade da camara de resfriamento isolada que mostra 

recursos de superficie que podem ser incluidos no pleno. 

25 

A FIGURA 7 e uma vista em plano de topo de uma 

modalidade de exemplo da camara de resfriamento que mostra 

os recursos de superf.icie que podem ser inclufdos no pleno. 

A FIGURA 8 e uma vista em perspectiva dianteira de uma 

modalidade da camara de resfriamento isolada com m6dulos 

termoeletricos inclufdos. 

A FIGUP~n. 9 e uma vista em plano de topo de uma 

modalidade de exemplo da camara de resfriamento com m6dulos 

30 termoeletricos incluidos. 
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A FIGUR..~ 10 e uma vista em perspectiva explodida de 

uma modalidade de exemplo que mostra os cornponentes do 

sistema de resfr.iament.o de gas isolado. 

A FIGUFI.A 11 e uma vista em plano de topo de uma 

5 modalidade de exemplo da. camara de aquecimento. 

A FIGURA 12 e uma vista em perspectiva posterior de 

uma modalidade da camara de aquecimento, que rnostra os 

componentes eletricos e os elementos de aquecimento 

opcionais. 

10 As FIGURAS 13 e 14 sao vistas em se9ao transversal de 

modalidades de exemplo para a ut:iliza9ao de um polarizador 

linear com o sistema de gas isolado e um espa;;:o de 

isolamento. 

As FIGURAS 15A e 15B sao vistas laterais de 

15 modalidades de exemplo do s.istema de resfr:Lamento de 

convec9ao restrito com uma placa de convec9ao restrita. 

20 

A FIGURA 16 e uma. vista em plano de topo de uma 

modalidade de exemplo em que o pleno de resfriamento e 
utilizado como a placa de convec9ao restrita .. 

As FIGURAS 17A a 17C sao vistas em se9ao transversal 

de modalidades em que o pleno de resfriamento e utilizado 

como a placa de convecqao restrita. 

A FIGURA 18 e uma vista em plano dianteiro de um visor 

que utiliza um disposit.ivo de cort:i.na de ar. 

25 A FIGURJI... 19 e uma vista em se9ao transversal de um 

30 

visor que utiliza um dispositivo de cortina dear. 

A FIGURA 20 e uma ilustra~ao que mostra os componentes 

para um visor resfriado a liquido. 

Descri9ao Detalhada 

E para ser ente:ndido que o espiri to e o escopo das 
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modalidades mclstradas inclu.em o controle termico de 

visores, incluindo, mas nao limitando, LCDs. Para fins de 

explanac;::ao simples, as modalidades podem ser descritas com 

respeito aos componentes para vi sores de LCD. A ti. tulo de 

5 exemplo e nao a titulo de limita9ao, as modalidades podem 

ser usadas em conjunto com visores selecionados dent.re LCD, 

diodo emissor de luz (LED}, diode emissor de luz organico 

(OLED), visor de em:i.ssao de campo {FED), tubo de raios 

cat6dicos (CRT), plasma, e visores de proje9ao. Mais ainda, 

10 as modalidades podem ser usadas com visores de outros 

tipos, inclu.indo aqueles ainda nao descobertos. Em 

particular, e contemplado que as modalidades podem ser bem 

adequadas para uso com visores de OLED de teJ.a pJ.ana decor 

plena. Ainda, e particularmente contemplado que as 

15 modalidades podem ser usadas com visores de LED de al.ta 

20 

definic;:ao 

descritas 

relativamente 

aqui sejam 

grandes. Embo:ra as modalidades 

bem adequadas para ambientes 

exteriores, elas tambem podem ser apropriadas para 

aplica96es em ambiente interno (por exemplo, ambientes de 

fabrica, resfriadores / congeladores, etc.), onde uma 

estabilidade termica do visor pode estar em risco. 

Sistema de Resfriamento de Gas Isolado 

Conforme mostrado na FIGURA l, quando o visor e 

exposto a elementos externos, a ternperatura dentro do visor 

25 10 pode variar g:randemente sem algum tipo de dispositivo de 

res:friamento. Como tal, o visor 10 pode nao funcionar 

apropriadamente OU pode ter um intervalo de vida 

grandemente reduzido. Uma luz do Sol clireta e especialmente 

problematica, pelo fato de causar aumentos na temperatura 

30 interna do visor 10. 
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Na Figura 1, a area de exibi9ao do visor eletronico 

mostrada inclui uma camara de gas estreita que e anterior a 

e co-extensi va com a superf:icie de visor eletronico. o 

visor mostrado tambem e equipado com um dispositivo de 

5 cortina dear opcional 114. 0 dispositivo de cortina dear 

114 e discutido em detalhes abaixo. Opcionalmente, o visor 

pode ter uma blindagem de reflexao 119, para mitiga9ao da 

luz do Sol sobre a superficie do visor. Adicionalmente, em 

ambientes externos, o alojamento 70 preferenciaJ.mente e de 

10 uma cor a qual reflete a luz do Sol. 

Conforme mostrado na FIGURA 2, uma modalidade de 

exemplo do visor eletronico 10 inclui uma camara de 

resfriamento de gas isolada 20 contida em um alojamento de 

visor 70. Uma primeira. camara de ga.s transparente e 
15 definida par espa9adores 100 e pela placa dianteira 

transparente 90. Uma segunda placa dianteira transparente 

130 pode ser laminada l placa dianteira 90, para ajudar a 

evitar uma ruptura da placa dianteira 90 e proteger o 

interior do visor. A camara de resfriamento 20 circunda uma 

20 pilha de visor 80 e o conjunto de luz traseira associado 

140. 

o visor 10 pode incluir meios para o resfriamento de 

um gas contido na segunda carnara de gas. Est.e meio pode 

incluir um ou mais ventiladores 60, os quais podem ser 

25 posicionados na base do alojamento de visor 70. Os 

ventiladores 

ar ingerido 

externa de 

60 podem ingerir ar de resfriamento e for9ar o 

mais frio sobre pelo menos uma superficie 

um pleno de resfriamento posterior 45. Se 

desejado, um condicionador dear (nao mostrado) tambem pode 

3 O ser utilizado para resfriamento do ar o quaJ. con ta ta a 
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superficie externa do pleno 45. Alternativamente, OS 

ventiladores 60 podem simplesmente ingerir ar ambiente. 

Com referencia a FIGURA 3, as modali.dades da camara de 

resfriamento de gas isolado 2 O podem compreender um la90 

5 fechado, o qual inclui uma prirneira camara de gas 30 e uma 

segunda camara de gas 40. A primeira camara de gas inclui 

uma placa transparente 90. A segunda camara de gas 

compreende um pleno de resfriamento 45. 0 termo "gas 

isolado" se refere ao fato de o gas na camara de 

10 resfriamento de gis isolado 20 ser essencialmente isolado 

do ar exterior no alojamento do visor. Devido ao fato de a 

primeira camara de gas 3 O ser posicionada em frente a 

superficie de visor eletronico 85, o gas deve ser 

substancialmente livre de p6 ou de outros contaminantes que 

15 poder:i.am afetar negativamente a imagem do visor. Um filtro 

opcional (nao mostrado) pode ser utilizado para ajudar na 

prevenc;:ao de que contaminantes e p6 entrem na primeira 

camara de gas 30. 

O gas isolado pode ser praticamente qualquer gas 

20 transparente, por exemplo, ar normal, nitrogenio, helio ou 

qualquer outro gas transparente. Ogas preferencialmente e 

incolor, de mode a nao afetar a qualidade da imagem. Mais 

ainda, a camara de resfriamento de gas isolado 20 nae 

necessariamente precisa ser hermeticamente selada do ar 

25 exterior. i suficiente que o gas na camara seja isolado ate 

a extensao em que poeira e contaminantes nao possam 

substancialmente entrar na primeira camara de gas. 

Na configura9ao de la90 fechado mostrada na FIG. 3, a 

primeira camara de gas 30 esta em comunica9ao gasosa com a 

30 segunda camara de gas 40. Um ventilador de camara de 
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resfriamento 50 pode ser provido no pleno de resfriamento 

45 e utilizado para a propulsao de gas em torno da camara 

de resfriamento de gas isolado 20. A primeira camara de gas 

30 inclui pelo menos um vidro dianteiro 90 montado na 

5 frente de uma superficie de visor eletronico 85. 

Com referencia a FIGURA ,.1, a placa dianteira 90 pode 

ser regulada a frente da superficie de visor eletronico 85 

pelos membros de espa9amento 100. Os membros de espa9amento 

100 definem a profundidade da passagem de canal estreita na 

10 frente da superficie de visor eletronico 85. Os membros de 

espa9amento 100 podem ser independentes, OU, 

alternativamente, podem ser integrais com algum out:ro 

componente do dispositivo (per exemplo, integral com a 

placa dianteira 90). A superfi.cie de visor eletronico 85, 

15 os membros de espa9amento 100 e a placa dianteira 90 

transparente definem uma primeira camara de gas 30. A 

camara 30 esta em comunica9ao gasosa com o pleno 45 atraves 

da abertura de entrada 110 e de uma abertura de saf.da 120. 

Conforme mostrado na B'ig. 3, uma superficie posterior 

20 da primeira camara de gas 30 preferencialmente compreende a 

superficie de visor eletronico 85 da pilha de visor 80. 

Conforme o gas isolado na primeira camara de gas 30 

atravessa o visor, ele contata a superficie de visor 

eletronico 85. o contato do gas de resfriamento diretamente 

25 corn a superficie de visor eletronico 85 melhora a 

transferencia de calor convective a partir da superficie de 

visor eletron:i.co 85. Em modalidades de exemp1o, a 

superficie de visor eletronico 85 compreende a superficie 

posterior da primeira camara de gas 30. Assim sendo, o 

30 termo nsuperficie de visor eletr6nico" se refere a 
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superficie dianteira de um visor eletr6nico tipico (na 

ausencia das moda1idades mostradas aqui). 

Em uma modalidade de exemplo, a superficie de visor 

eletronico 8 t:; ~, a placa dianteira 90 e uma segunda placa 

5 dianteira opcional 130 podem ser compreendidas por um 

substrato de vidro. Contudo, nem a superficie de visor nem 

a placa dianteira transparente 90, nem a segunda placa 

dianteira transparente opcional 130 precisam ser 

necessariamente de vidro, o termo "vidro" pode ser 

10 usado aqui de forma intercambiavel com o termo placa, mas 

um material de vidro nao e requerido de forma alguma. 

Ainda, a superficie de visor eletronico 85 nao tern que 

comp re ender a parede de superficie posterior do 

compartimento de ga.s dianteiro 3 0. Uma placa adicional pode 

15 ser usada. Contudo, pela utilizac;ao da superficie de visor 

eletronico 85 como a parede de superf.icie posterior do 

compartimento de gas 30, pode haver menos superficies 

sujeitas a um impacto da luz visivel viajando atraves do 

visor. Mais a.ind.a, o dispos.i t.i vo sera mais leve e mais 

20 barato para o fabricante. 

Embora a modalidade mostrada utilize a superficie de 

visor eletron.ico 85, cert.as modifica9oes e/ou revestimentos 

(por exemplo, revestimentos anti-refletivos} podem ser 

adicionados a superfic.ie de visor eletr6nico 85 ou a outros 

25 component.es do sistema, de modo a se acomodar o gas 

resfriante ou para a melhoria da performance 6tica do 

dispositivo. Na modalidade mostrada, a super:U.cie de visor 

eletronico 85 pode ser a placa de vidro dianteira de uma 

pilha de visor de cristal liquido (LCD). Contudo, 

30 prat:i.camente qualquer superf.icie de visor pode ser adequada 
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para as modalidades do presente sistema de resfriamento. 

Embora nao requerido, e preferivel permi tir que o gas de 

resfriament.o na primei:ra camara de gas 30 cont.ate a 

superficie de visor eletronico 85 diretamente. Desta forma, 

5 a transferencia convectiva de calor dos componentes de 

visor para o gas circulante pode ser maximizada. 

Com referencia a Fig. 4, a placa d:i.ante:Lra 90 da 

primeira ca.mar a de gas 3 o e transparente e e posicionada 

anterior a super:Eicie de visor eletronico 85. As setas 

10 mostradas represent.am o movimento do gas isolado atraves da 

primeira camara de gas 30. Conforme mostrado, o gas isolado 

atravessa a primeira camara de gas 3 o em uma dire9ao 

horizontal. Embora o sistema de resfriamento 20 possa ser 

projetado para mover o gas em urna dire9ao horizontal ou uma 

15 vertical, e preferivel propelir o gas em uma dire9ao 

horizontal. Desta forma, se poeira ou contaminantes 

realmente entrarem na primeira camara de gas 3 O, eles 

tenderao a ca:Lr para o fundo da dlrnara 3 O fora da area 

v:Lsivel do visor. O sistema pode mover o ar da esquerda 

20 para a direita ou, alternativamente, da direita para a 

esquerda. Ap6s o gas atravessar a primeira camara de gas 

30, ele sai atravAs da abertura de saida 120. A abertura de 

saida 120 define a junc;ao de entrada no pleno e 

resfriamento traseiro 45. 

25 A FIGUR..Z\ 5 mostra. um esquema do pleno de resfriamento 

( ilustrado como transparente para explanac;:ao) . Um ou mais 

ventiladores 50 no pleno podern prover a forGa necessaria 

para se mover o gas isolado atraves da camara de 

resfr:Lamento de gas isolado. Ao passo que a primeira camara 

30 de gas 30 foi proj etada para coletar calor a partir da 

SEC et al. v. MRI 
SEC Exhibit 1022.1263 

IPR2023-00221



14/29 

superffcie 85 do visor, a segunda camara de gas 40 e 
projetada para extra9ao do calor do gas e remo9ao do calor 

da camara de restriamento 20. A segunda camara 40 pode ter 

varios contornos e recurses para a acomodac;:ao das 

5 estruturas internas em uma dada apl:i.cac;:ao de v:i.sor 

eletronico. 

Se desej ado, 

ser posicionados 

camara de gas 4 0 . 

varios componentes eletr6nicos 200 podem 

em qualquer lugar por toda a segunda 

Os componentes eletronicos 200 podem 

10 incluir, mas nao estao limitados a: transformadores, placas 

de circuito, processadores, resistores, capacitores, 

baterias, motores, suprimentos de potencia, dispositivos de 

ilumina9ao, fia9ao e chicotes de fia9ao, e comutadores. 

Estes componentes podem ser montados diretamente nas 

15 pa.redes da camara ou suportados em hastes ou colunas 209. 

20 

Assim, o pleno de resfriamento pode ser proj etado nao 

apenas para extrair calor da primeira camara de gas 30, mas 

tambem para resfriamento destes varios componentes 

eletronicos 200. (Adicionalmente, conforme discutido 

abaixo, se o sistema de gas isolado for usado para 

aquecimento do visor, os componentes eletronicos poderao 

ajudar no aquecirnento do gas isolado.) 

Com referencia, agora, as FIGURJ-!i.S 6 e 7, varios 

recursos de superficie 150 podem ser adicionados para 

25 melhoria da dissipa9ao de calor do pleno 45. Estes recursos 

de superficie 150 proveem mais area superficial para a 

irradia9ao de calor a partir do gas na segunda camara de 

gas 40. Estes recursos 150 podem ser posicionados em 

numerosas localiza9oes na superficie do pleno 45. 

30 Com referencia, agora, as FIGURAS 8 e 9, um ou mais 
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m6dulos termoeletricos 160 podem ser posicionados em pelo 

menos uma superficie do pleno 45, para resfriamento 

adicional do gas contido na segunda ca.mara de gas 4 o. Os 

m6dulos termoeletricos 160 podem ser usados 

5 independentemente ou em conj unto com os recursos de 

superficie 150. Alternativamente, os m6dulos termoeletricos 

160 podem ser usados para aquecimento do gas no pleno se o 

sistema de gas isolado for utilizado para aquecimento de um 

visor em um ambiente frio. 

10 A FIGURA 10 mostra um met.ado de exemplo para. remo9ao 

de calor no gas contido no pleno posterior 45. 0 ventilador 

60 pode ser posicionado para inferir are soprar aquele ar 

atraves das superficies anterior e posterior do pleno 45. 

Novamente, o ventilador 60 pode ingerir ar condicionado 

15 para o aloj amen to de visor 70 ou pode simplesmente inferir 

ar do ambiente circundante. Mais ainda, nesta configurac;ao, 

o ventilador 60 tambem pode for9ar o ar diante dos 

component.es que geram calor do visor eletronico (por 

exemplo, a pilha de visor 80 e o conjunto de luz traseira 

20 140} para melhoria adicional da capacidade de resfriamento 

do visor inteiro. Deve ser notado que est.a modalidade pode 

ser combinada com o metodo de resfriamento de convec9ao 

restri ta discutido em detalhes abaixo. o ar de exaustao 

aquecido pode sair atraves de uma ou mais aberturas 179 

25 J.oca1izadas no aloj amento de visor 70. 

Sistema de Aquecimento de Gas Isolado 

Conforme mencionado acima, o sistema de gas isolado 

pode ser utilizado tambem para aquecer o visor eletronico. 

Com referencia as FIGURAS 11 e 12, os elementos de 

30 aquecimento 220 podem estar localizados na segunda camara 
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de gas 40 e operar para o aquecimento do gas conforme ele 

passar atraves da segunda camara de gas 40. Estes elementos 

de aquecimento podem ser qualquer um dos elementos de 

aquecimento mais comumente 

termoeletricos. Muitas vezes, 

disponiveis 

estes 

OU m6dulos 

elementos sao 

simplesmente um material o qual contem uma resistencia 

eletr:Lca alt.a, e, assim, gera calor quando uma corrente 

flui atraves dele. Os elementos de aquecimento podem ser, 

mas nao estao limitados a qualquer um dos seguintes: fio ou 

10 fita de niquel-cromo, triJ.has de metal / ceramica impressas 

com tel a deposi tadas sobre placas de metal isoJ.ado com 

ceramica (geralmente a90), CalRod (tipicamente, uma bobina 

fina de fio de n5.quel-cromo em um aglutinante de ceramica, 

selada dentro de uma carca9a de metal tenaz) , lampada de 

15 calor, e coeficiente termico positivo (PTC) de ceramica de 

resistencia. 

20 

Conforme discutido acima, o pleno 45 pode conter 

componentes eletricos 200, os quais acionam e controlam o 

visor eletronico. Os componentes eletricos podem ser 

qualquer um dos seguintes: transformadores, 

microprocessadores, placas de circuito impresso, 

suprimentos de potencia, resistores, capacitores, motores, 

chicotes de fia9Ao e conectores. As conex6es el~tricas para 

os componentes e1§tricos 200 podem pa.ssar atra.ves de uma 

25 parede do pleno 45. Os componentes eletricos 200 podem 

estar localizados em qualquer lugar no pleno 45. Os 

componentes eletricos 200 podem ser montados na superficie 

posterior ou anterior do pleno e podem ser montados 

diretamente sobre a superficie do pleno ou podem ser 

30 suspensos por colunas de montagem, de modo que o gas possa 
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passar em torno do componente. 

Enquanto o visor esta operacional, o sistema de 

resfriamento de gas isolado pode passar continuamente. 

Contudo, 

mostrado) 

se 

e 

desejado, um 

um comutador 

sensor de temperatura 

mostrado) podem 

(nao 

ser 

incorporados no visor eletronico. Assim, um termostato pode 

ser usado para detectar quando temperaturas atingiram um 

valor de limi te predeterminado e o sistema de gas isolado 

pode ser seletivamente engajado quando a temperatura no 

10 visor atingir um valor predeterminado. Os limites 

predeterminados de temperatura podem ser selecionados, e o 

sistema pode ser configurado para aquecimento, resfriamento 

ou ambos aquecimento e resfriamento do visor, para se 

manter vantaj osamente o visor em uma fa.:i.xa de temperatura 

15 acei tavel. 

Polarizador Linear com Espa90 isolante Opcional 

A FIGURA 13 e uma vista em se9ao transversal de uma 

outra modalidade de exemplo para um outro recurso de 

controle tennico. No arranjo mostrado, a placa dianteira 90 

2 O e uma segunda placa diante:Lra 13 0 pode ser compreendida por 

vidro e podem ser laminadas em conj unto. Os primeiro e 

segundo paineis dianteiros 130 e 90 podem ser fixados um no 

outro com uma camada de ades:Lvo 6tico de indice combinado 

201 para a forma9ao de uma unidade de vidro dianteiro 206. 

25 A pilha de visor 80 pode compreender um conjunto de cristal 

liquido 212 interposto entre um polarizador dianteiro 216 e 

um polarizador traseiro 214. Em outras modalidades, a pilha 

de visor 80 pode ser qualquer outro tipo de montagem para 

qualquer outro tipo de visor eletronico. o espa90 entre a 

30 pilha de visor 80 e a unidade de vidro dianteira 206 define 
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um espa90 isolante 300. 0 espa90 isolante 300 serve para a 

separa9ao termica da unidade de vidro dianteira 206 da 

pilha de LCD 80. Esta separa9ao termica localiza o calor na 

unidade de vidro dianteira, ao inves de permitir um 

5 carregamento solar da pilha de LCD. Se usado em combina9ao 

com o sistema de gas isolado, o espa90 isolante 3 00 pode 

compreender a primeira camara de gas 30. Em outras 

modalidades, o espa90 isolante 300 pode ser usado sem o 

sistema de gas isolado simplesmente coma uma camada de 

10 isolamento a partir do ar ambiente, bem como um 

carregamento solar. 

O segundo painel dianteiro pode ter uma primeira 

superficie 202 e uma segunda superficie 208. l>i. primeira. 

superfi.cie 202 pode ser exposta aos elementos, enquanto a 

15 segunda superficie 208 pode ser fixada a primeira placa 

dianteira 90 pelo adesivo 6t:i.co de indice combi.nado 201. A 

primeira placa dianteira 90 pode ter uma terceira 

superficie 209 e uma quarta superficie 204. A terceira 

superficie 209 pode ser fixada a segunda p1aca dianteira 

20 130 pelo adesivo 6tico de indice combinado 201, enquanto a 

quarta superficie pode ser diretamente adjacente ao espa90 

isolante 300. Em algumas modalidades, para dirninui9ao do 

carregamento solar da pilha de visor 80 e melhoria da 

qualidade da imagem visivel, um revestimento anti-refletivo 

25 pode ser aplicado a prirneira superficie 202 e a quarta 

superficie 204. Em outras modalidades, o revestimento anti­

refletivo pode ser aplicado a pelo menos uma dentre a 

primeira, a segunda, a terceira ou a quarta superficie 202, 

208, 209 e 204, respectivamente. 

30 A FIGURA 14 e uma vista em se9ao transversal de uma 
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outra modalidade de exemplo da unidade de vidro dianteira 

206. No arranjo mostrado, a unidade de vidro dianteira 206 

compreende uma segunda placa dianteira 130, uma camada de 

adesivo 6tico de indice combinado 201, um polarizador 

5 linear 400, e uma primeira placa dianteira 90. 0 

polarizador linear 400 pode ser ligado a pelo menos uma 

dentre as primeira, segunda, terceira e quarta superficies 

202, 208, 209 e 204, respectivarnente. O polarizador linear 

400 pode ser alinhado com o polarizador dianteiro 209 

10 encontrado na pilha de LCD 85. A inclusao de um polarizador 

linear 400 na unidade de vidro dianteira 206 diminui mais a 

carga solar sobre a pilha de visor 80. A redw:;ao do 

carregamento solar pode reduzir significativamente a 

temperatura inicial do visor eletronico. 0 polarizador 

15 linear 300 tambem pode causar uma redu9a.o na reflexa.o 

especular da unidade de vidro dianteira 206 e da pilha de 

visor 80. Conforme discutido acima, se usado em combina9ao 

com o sistema de gas isolado, o espa90 isolante 300 pode 

compreender a primeira camara de gas 30. Em outras 

20 modalidades I o espa90 isolante 300 pode ser usado sem o 

sistema de gas isolado simplesmente como uma camada de 

isolament.o a pa.rtir do ar a.mbiente, bem como um 

ca.rregamento solar. Novamente, deve ser notado que a pilha 

de visor 80 pode ser uma. pi1ha de LCD, mas tambem pode ser 

25 qualquer outro tipo de visor eletronico. 

Tambem deve ser notado que a segunda placa dianteira 

130 nao e requerida. As modalidades podem utilizar apenas a 

primeira placa dianteira 90 com um polarizador linear 

afixado A superficie posterior ou anterior da placa 

30 dianteira 90. Uma camada anti-refletiva tambem pode ser 
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afixada a superficie anterior ou posterior da placa 

dianteira 90. A placa dianteira 90 pode ser revenida para 

uma resistencia adicional, caso se use apenas a placa 

dianteira 90 sem a segunda placa dianteira 130. 

5 Convec9ao Restrita 

Alguns tipos de visores eletronicos requerem um 

conjunto de luz traseira, de modo a gerarem uma imagem 

sobre uma tela visivel. Os LCDs sao um tipo de visor que 

requer um conjunto de luz traseira. Outros tipos de 

10 visores, tais como visores de plasma e OLEDs, nao requerem 

um conjunto de luz traseira, ja que eles geram luz por si 

mesmos. Contudo, estes tipos de visores ainda geram uma 

quantidade significativa de calor. Assim, na descrii:;:ao 

precedente, o sistema de convecc;ao restrita sera descrito 

15 com respeito a um conjunto de luz traseira, mas deve ser 

notado que as modalidades podem ser praticadas com outros 

tipos de vi sores. Portanto, quando uma luz traseira ou 

conjuntos de luz traseira sao discutidos, estes conjuntos 

tambem poderiam ser as superficies traseiras de outros 

20 visores gerando calor, e o sistema de convecc;ao restrita 

facilitaria um resfriamento mais eficiente destes visores 

alternativos. Tambem deve ser notado que as Figuras 15A a. 

15B e as Figuras 17A a 17C nao sao necessariamente 

desenhadas em escala. A rela9ao entre os elementos pode ser 

25 exagerada para fins explanat6rios. 

30 

A FIGURA 15A mostra uma vista em sec;ao transversal da 

luz traseira 140 com a placa de convec9ao restrita 300, o 

espa90 entre os dois recurses definindo um espac;o estreito 

3 o 5 . As dimensoes do espa90 podem variar, dependendo de 

<va:cios fatores, incluindo o tamanho do visor, suas 
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condi95es de opera9ao, o tipo de conjunto de luz traseira e 

seu material de superficie posterior, e o numero e a 

potencia apl:Lcada aos varios ventiladores de convecc;ao 

restrita. Algumas modalidades de exemplo podem utilizar uma 

5 dist.ancia de espai:;o de aprox.ima.damente O, 635 a 8, 89 cm 

(0,25 a 3,5 polegadas) Outras modalidades podem utilizar 

um espa9O ligeirament.e maior. Foi descobert.o que fon;:ar o 

ar at.raves deste espa9O 305 aumenta a capacidade de 

resfriamento da luz traseira 140. Um ou mais ventiladores 

10 de convecc,-:ao restrita 310 podem ser usados para se puxar o 

ar atraves do espai:;o 305. A. FIGURA. 15B mostra uma vista em 

se9ao transversal de uma outra modalidade para o sistema de 

convec9ao restrita, onde um ou mais ventiladores de 

convec9ao restrita 310 empurram oar atraves do espa9O 305, 

15 A FIGURA 16 mostra uma vista de topo do sistema de gas 

isolado, conforme discutido acima. A linha de se9ao 

transversal 17-17 ~ mostrada passando atrav~s do sistema de 

gas isolado. 

As FIGURAS 17A a 17C mostram vistas em sec;ao 

20 transversal da se9ao 17-17 que e mostrada na Figura 16. Com 

referencia, primeiramente, a Figura. 17A, em dire9ao a 
dianteira do visor esta a primeira c&mara de gls 30, a qual 

se confina contra o visor eletronico 80. Anterior a 
primeira camara de gas 30 esta a placa dianteira 90. Em 

25 direcao a traseira do visor, a luz traseira 140 § 

posicionada em grande proximidade com a segunda camara de 

gas 40. Neste arranjo, a parede externa da segunda c&mara 

de gas 40 pode funcionar coma a placa de convec9ao 

restri ta. Esta modalidade nao utiliza um ventilador de 

30 convec9ao restrita, mas, ao inves disso, usa o ventilador 
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60, o qual ingerira ar a partir do exterior do alojamento 

de visor e o for<;ara sobre as superffcies da segunda camara 

de gas 40. Conforme citado acima, este ar pode simplesmente 

ser oar ambiente ou, alternativamente, este ar pode vir de 

5 uma unidade de condicionamento (nao mostrada} . Para 

facilitac;:ao do fluxo de ar entre a luz traseira 140 e a 

camara de resfriamento 40, um dispositivo de guia 320 pode 

ser usado. 

Com referencia, agora, a Figura 17B, a camara de 

10 resfriamento 40 contem um recurso de guia 41, o qual e 
usado em combina9ao com o dispositivo de guia 320 para 

facilitar o fluxo dear entre a luz traseira ea camara de 

resfriamento. A Figura 17C mostra uma outra modalidade, 

onde o ventilador externo 60 e o ventilador de convecc;ao 

15 restrita 310 sao usados. Esta modalidade tambem poderia 

utilizar uma versao dos dispositivos de guia mostrados nas 

Figuras 17A e 178. 

A luz traseira 140 

circuito impresso (PCB) 

pode compreender uma 

com uma pluralidade 

pl.aca de 

de luzes 

20 montadas no lado voltado para o visor eletronico 80. As 

luzes na luz traseira podem ser qualquer uma das seguintes: 

LEDs, diodos emissores de luz organicos (OLEDs}, visor de 

emissao de campo (FED), polimero emissor de luz (LEP), ou 

luzes de eletroluminescencia organicas {OEL}. Em uma 

25 modalidade de exemplo, a luz traseira 140 de modo ideal 

teria um nivel baixo de resistencia termica entre o lado 

voltado para o visor eletronico 80 e o lado voltado para a 

segunda dtmara de ga.s. Para a realizac;:ao dest.e n.ivel baixo 

de resistencia termica, a luz traseira 140 pode ser 

30 construida usando-se a tecnologia de placa de circuito 
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impresso (PCB) para a transferencia. a.dicional de calor para 

longe das luzes. A superff.cie traseira da luz traseira 140 

tambern pode ser metalica, ou algum outro material 

termicamente 

propriedades 

condutivo, para 

de transfer@ncia 

melhoria adicional das 

de calor convectivo. A 

superficie pode mesmo ter uma pluralida.de de recursos de 

superficie, ta.is como aletas, para a melhoria adicional das 

propriedades de transferencia de calor convectivo. o 

ventilador convectivo restritivo 310 entao pode enviar oar 

10 aquecido para fora de uma exaustao 179 (mostrada na Figura 

2), de modo que possa sair do alojamento de visor 

inteiramente. 

Enquanto o visor est& operacional, o ventilador 

externo 60 e o ventilador de convec9ao restritiva 310 podem 

15 funcionar continuamente. Contudo, se desejado, um sensor de 

temperatura (na.o mostrado) e um comutador (na.o mostrado) 

podem ser incorporados no visor eletronico. Este termostato 

efetivo pode ser usado para se detectar quando temperaturas 

at:i.ngiram um valor de limite predeterminado. F.;m um caso 

20 como esse, os varies ventiladores podem ser seletivamente 

engajados, quando a temperatura no visor atingir um valor 

predeterminado. Os limi tes predeterminados podem ser 

selecionados e o sistema pode ser configurado com um 

termostato (nao mostrado) para vantajosamente se manter o 

25 visor em uma faixa de temperatura aceitavel. Isto pouparia 

custos de energia, bem coma o tempo de vida util dos 

d:i.spositivos. 

Cortina de Ar 

Alem dos varios recursos de controle termico 

30 discutidos acima, urn dispositivo de cortina de ar tambem 
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pode ser usado. 0 disposi.ti vo de cortina de ar pode ser 

usado sozinho ou em combina9ao com qualquer um dos outros 

recurses de controle termico discutidos acima. 

A FIGURA 18 mostra um visor eletronico 10, que tern um 

5 alojamento 70 e uma placa dianteira 90. Os defletores dear 

114 para a cortina de ar podem ser vistas como uma linha 

interrompida na figura. A linha de se9ao transversal 19-19 

tambem pode ser vista nesta figura. 

A FIGURA 19 mostra a vista em sec;iao transversal a 

10 partir da linha 19-19 mostrada na Figura 18. Esta figura 

mostra a circula9ao dear at.raves do alojamento 70, quando 

os ventiJ.adores 60 sao atuados. Conforme discutido acima, 

os ventiladores 60 ingerem ar para o alojamento 70 atraves 

da entrada 51 Este ar pode ser o ar ambiente, ou, 

15 alternativamente, pode ser oar condicionado. 0 fluxo dear 

ingerido e mostrado como a seta 111. Uma vez no interior do 

aloj amen to de visor 70, o ar pode fhi.i.r pa.ra cima ao longo 

da seta de fluxo 121. Este ar pode ser utilizado com 

qualquer um dos recursos de cont.role termico mencionado. 

20 Por exemplo, este ar pode ser usado para resfriamento do 

gas isolado na segunda d'tmara (pleno) , ou pode ser usado 

com o sistema de convec9ao restrita descrito acima. 

Para fins explicativos, os detalhes dos component.es 

internos do visor foram omitidos desta figura, e apenas uma 

25 cavidade 61 e mostrada. Deve ser notado que a cortina de ar 

pode ser praticada com qualquer tipo de visor eletronico e 

com qualquer combina9ao dos recursos de cont.role termico 

descritos acima. Varios recursos internos (nao mostrados) 

podem ser colocados na cavidade 61 para direcionamento do 

30 ar para os defletores 114. 0 ar ingeri.do pode continuar 
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atraves da cavidade 61 ao longo da seta 121, ate atingir os 

defJ.etores 114, os quais podem dirigir o ar contra a 

superficie de visor externa. Esta superficie externa pode 

ser a primeira placa dianteira 90 ou, alternativamente, 

5 qualquer uma das placas dianteiras adicionais as quais sao 

descri tas em detalhes acima (por exemplo, a segunda pJ.aca 

dianteira 130). 

Assim, a cortina de ar pode ser usada como uma 

exaustao para o resfriamento de componentes internos do 

10 visor. Alternativamente, o ar frio da cortina de ar pode 

ser usado para resfriamento adicional da superficie externa 

dianteira do visor, a qua1 pode ser submetida a. um 

carregamento solar significativo ou uma transferencia de 

calor do ar quente ambiente. 

15 Sistema de Resfriamento de Fluido 

A FIGURA. 20 e um esquema explicativo de um outro 

recurso de controle termico. Conforme pode ser apreciado a 

partir do desenho, o sistema de resfriamento 22 inclui 

varios componentes em comunicac;ao de fluido. 

20 Preferencialmente, isto pode ser realizado pela conex~o dos 

componentes com uma serie de tubos ou canos ( ilustrados 

conceitualmente como 1:Lnhas pont:Llhadas}. Os component.es do 

sistema de resfriamento 22 incluem um tanque de 

reservat6rio 37, uma bomba 47 e uma camara de resfriamento 

25 4 em comunica9ao de fluido. Preferenc:Lalmente, o sistema 

tambem inclui um filtro 83 e um radiador 72, tambem em 

comunicac;ao de fluido. Opcionalmente, o sistema tambem pode 

incluir uma unida.de de ventilador 94. Contudo, a unidade de 

ventilador opcional preferencialmente esta em 

30 comunica9ao de fluido com os outros componentes. 
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o tanque de reservat6rio 3 '7 man tern o volume primario 

de fluido resfriante e prove uma area superficial para a 

condu9ao de calor para longe do fluido, enquanto ele esta 

contido no tanque 37. 0 tanque tern pelo menos duas 

5 aberturas, uma j anela de saida 13 e uma j anela de retorno 

14. Opcionalmente, o tanque de reservat6rio inclui. uma 

j anela de ventila9ao 66. A bomba 4 7 faz com que o fluido 

resfriante se mova atraves do sistema 22. Conforme pode ser 

apreciado por aqueles versados na tecnica, a bomba 47 pode 

10 estar localizada em virias localiza96es ao longo do 

percurso de fluido resfriante com result.ados adequados. 

Contudo, de modo a se minimizar uma curvatura de placas 44 

e 128, e preferivel posicionar 

resfriamento 4, de modo que 

a bomba 47 ap6s a camara de 

a bomba realmente puxe o 

15 resfriante liqui.do a partir do fundo ate o topo da camara 

de resfriamento 4. Se a bomba for assim posicionada, o 

engaj amen to da bomba criari uma area de baixa pressao no 

topo da camara de resfriamento 4. Desta forma, o fluido 

flui atraves da camara de resfriamento 4 de acordo com as 

20 setas. Devido l 0 natureza escorregadia• de certos fluidos 

resfriantes, a bomba 47 preferencia1mente e uma bomba de 

deslocamento positive. 

De mode a se criar o fluxo de fluido resfriante 

atraves da camara de resfriamento, uma linha by-pass com 

25 uma valvu1a 634 pode ser provida. A linha de by-pass prove 

uma rota de by-pass para o fluido resfriante se desvi.ar da 

camara de resfriamento 4. A valvula 634 e adaptada para 

facilitar o controle sobre a quantidade de fluido 

resfriante desviado pela linha de by-pass. A linha de by-

30 pass ea valvu1a 634 permitem que uma por9ao predeterminada 
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do fluido resfriante seja desviada a partir do fluxo 

dirigido para a camara de resfriamento 4 e, desse modo, 

facili tar o controle sobre a vazao atraves da camara de 

resfriamento em si. Desta forma, a vazao atraves da camara 

5 de resfriamento pode ser regulada. 

10 

Conforme alguem versado na tecnica apreciara, outros 

metodos e disposi ti vos tambern podem ser usados para a 

regula.gem do fluxo a.traves da camara de resfriamento. Por 

exemplo, o tamanho e a velocidade de bomba da bomba 47 

podem ser otimizados para uma dada aplica.9ao. 

Alternativamente, uma bomba de velocidade variavel tambem 

pode ser usada. Preferencialmente, a bomba de velocidade 

variavel pode estar em comuni.ca9ao eletrica com pelo menos 

um transdutor de pressao (nao mostrado). Preferencialmente, 

15 um transdutor de pressao pode ser posicionado a montante da 

camara de resfriamento 4, e um outro transdutor de pressao 

pode ser posicionado a jusante da camara de resfriamento 4. 

A informac;:ao de pressao prov:Lda por pelo menos um 

transdutor de pressao pode ser utilizada para a regulagem 

20 da velocidade de opera9ao da bomba de velocidade variavel. 

Dessa forma, a vazao atraves da camara de resfriamento 4 

pode ser ajustada para manutern;ao de pressoes apropriadas 

no disposi ti vo. A manuten9ao de pressoes apropr:Ladas na 

camara de resfriamento 4 e importante para preven9ao de uma 

25 deformac;:ao ou de uma ruptura do vidro do visor. 

Um filtro opc::Lonal 83 pode ser adic:Lonado para remo9ao 

de uma contamina9ao no fluido. Preferencialmente, um 

radiador 72 e uma unidade de ventilador 94 tambem podem ser 

incluidas para a provisao de uma estabilidade termica ainda 

30 maior. Opcionalmente, uma torneira (nao mostrada} pode ser 
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provida, para a facilitac;ao do processo de enchimento e 

esvaziamento do fluido resfriante do sisterna. 

Em opera9ao, o fluido sai do tanque de reservat6rio 37 

a partir de uma j anela de saida 13 a qual pode es tar 

5 localizada no tanque 37. No seu caminho ate a camara de 

resfriamento 4, o fluido passa atraves do filtro opcional 

83. A partir do filtro 83, o fluido em seguida entra na 

camara de resfriarnento 4 atraves da entrada 98 de coletor 

59. o resfriamento de fluido viaj a para cima atraves do 

10 compartimento de fluido da camara de resfriamento 4 na 

dire9ao ind:i.cada ( linhas tracej adas) . O fluido resfriante 

sai da carnara de resfriamento 4 atraves da saida 99 do 

coletor superior 60. Preferencialmente, o fluido entao e 
recebido por um radiador opcional 72. Enquanto viaja 

15 atraves do radiador opcional 72, uma unidade de ventilador 

opcional 94 pode for9ar oar diante do radiador 72 para 

ajudar na transferencia de calor para longe do fluido 

resfriante. A bomba 47, a qual pode ser posicionada ap6s o 

radiador 72, pode puxar o fluido em dire9ao ao tanque de 

20 reservat6rio. o fluido e recebido no tanque de reservat6rio 

37 atraves da janela de retorno 14. Preferencialmente, a 

j anela de retorno 14 pode ser disposta em uma localiza9ao 

que sej a relativamente distante da j anela de sa.ida 13, de 

modo a se permitir ao fluido retornando a oportunidade 

25 maxima de se resfriar, antes de sair do tanque de 

reservat6rio 37 atraves da janela 13. 

Se desejado, as unidades de ventilador podem estar 

localizadas na base do alojamento 75 imediatamente atras da 

camara de resfriamento 4 de visor 15. As unidades de 

30 ventilador podem prover um fluxo laminar dear atraves do 
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interior do a1ojamento 75. Preferenc:i.almente, o fluxo dear 

pode ser dirigido atraves de pelo menos uma superficie 

externa do tanque de reservat6rio 37. Conforme descrito 

a.cima., o fluxo de exaustao de ar finalmente pode ser 

5 redirecionado para a superficie de camara de resfriamento 

44 por meio de um sistema de cort:Lna dear opcional 114. 

Se desejado, um sensor de temperatura (nao mostrado) e 

um comutador (nao mostrado) podem ser :Lncorporados no visor 

eletronico. o sensor de temperatura pode ser usado para se 

10 detecta.r quando as temperatura.s atingira.m um valor de 

limite predeterminado. Em um ca.so como esse, a bomba pode 

ser seletiva.mente engajada, quando a temperatura no visor 

1
,. 
::) 

20 

chegar a um valor predeterminado. Os limites 

predeterminados podem ser selecionados e o sistema pode ser 

configurado com um termostato (nao mostrado) para 

vantajosamente se manter o visor em uma temperatura 

relat:Lvamente constante, ou pelo menos em uma faixa de 

temperaturas aceitaveis. Alternativarnente, para se evitar a 

necessidade de um termostato, a bomba 47 pode rodar 

continuamente, 

operacional. 

quando 0 visor eletronico estiver 
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REIVINDICAC,::OES 

Sistema de cont.role terrnico para um visor 

eletr6nico (10) que tem uma pilha de visor eletr6nico (80) 

com uma superficie de v1.sor ( 8 5) e urn conj unto de luz 

5 traseira (140), o sistema caracterizado pelo fa to cle 

cornpreencter: 

uma primeira c§mara de g~s posicionada anterior~ 

superfic:ie de visor eletronic:o (85) da pilha de visor 

eletr6nico (80), a referida primeira c§mara de gAs (30) tendo 

10 uma entrada (110), uma saida (120) e uma superficie externa 

( 4 5) ; 

urna se9unda carnara de gas (40) ern cornunica<;3_o ga.sosa 

corn a entrada (1.10) e a sa1.d.a (120) da referi.da pr1.nJe.ira 

camara de gbs (30) e posicionada posterior~ pilha de visor 

15 eletr6nico (80), a referida segunda camara de gas (40) tendo 

superficies anteriores e posteriores externas; 

um ou mais ventiladores de camara (50) na referida 

segunda c§mara de g~s (40) e configurados para propulsao do 

gas em torno das primeira e segunda camaras de gas (30; 40); 

20 e 

um ou mais ventiladores (60; 310) posicionados e 

configurados para forc;::arem o ar externo entre a pilha de 

visor (80) ea superfic:ie anterior na segunda camara de gbs 

( 40) 

25 2 0 Sisterna, de ac:ordo com a 1, 

caracterizado pelo fato de que o um ou mais ventiladores 

( 60; 310) empurram ar entre a pilha de visor ( 8 0) e a 

superficie anterior da segunda camara de g~s (40) 

3 0 Sistema, de acordo com a rei vindica½~ao 1 f 

30 caracterizado pe1o fa to de que um ou rnai ::i do::; c:omponente::; 
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eletr6nicos (200) para operac;:jo do pilha de visor eletr6nico 

(80), est§(~o) contido(s) na referida segunda c§mara de g§s 

( 40) 

4. Si.stema, de acordo com a rej_vj_ndica(;ao 1 
J_; 

caracterizado pelo fato de ainda compreender um ou mais 

recursos de superfj_cj_e 

segunda c§mara de gbs. 

5. Si.stema, de 

em uma supe:rficie externa da 

acordo com a rej_vj_ndica(;ao 1 
J_; 

caracterizado pe1o fato de ainda corrrpreender um meJ_o para 

10 aquecimento de g6s o qual est6 contido na segunda c§mara de 

gas (40) 

6. Si.stema, de acorc..io com a rei·vindica<;3_o 

caracterizado pelo fato de ainda compreende:r o meio para 

aquecimento de gbs, o qual estb contido na segunda c§mara de 

l5 gas (40) compreender um cu mais elemento.s de aquec:imento 

(220) localizados na segunda c§mara de gas (40) 

..., 
I. Sistema, ac:ordo com a rE~ i•,Iindica.~:ao 1, 

caracterizado pelo fato de que uma superficie externa da 

segunda c§mara de gas (40) est§ posicionada em grande 

20 proximidade com o conjunto de luz traseira (140), o espac;:o 

entre o conjunto de luz trasei:ra (140) ea supe:rficie externa 

anterior da segunda c§ma:ra de gas (40) definindo um espaco 

(305), e o um ou mais ventiladores (60), (310) forc;:ando o a:r 

externo atrav~s do referido espaco (305) 

25 Sisterna, de acordo com qualquer uma da.s 

reivindicacoes l, 2, 3, 4 ou 7, caracterizado pelo fato de 

ainda cornpreender um dispositi vo de cortina de ar ( 114) 

adaptado para forcar oar atrav~s da supe:rfic:ie externa da 

referida primeira c§mara de gas (30). 
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acorclo com qualquer urna das 

reivindicac;:oes 1, 2, 3, 4, 7 ou 8, caracterizado pelo fato 

de ainda compreender um polarizador linear (216) posicionado 

anterior~ referida primeira cJmara de gas (30). 

Sistema, 

reivindicac;:oes l, 2, 

d.e acorclo com 

, 
I I 

qualquer uma das 

8 ou 9, caracterizado 

pelo fato de que o um ou rnais ventiladores (60), (130) sao 

posicionados e configurados para puxar ar externo entre a 

p.1_lha cle ,1isor ( 8 0) e a sur>erf.ic.ie externa anterior rla 

10 segunda c§mara de g~s (40). 

Sistema, de acorclo com qualquer urna das 

reivindicac;oes 1, 2, 3, 4, 5, 6, 7, 8, 9 ou 10, caracterizado 

pelo fato de que o um ou mais ventiladores (60), (130) sao 

posicionad.os e configurados f)ara ernr)urrar ar externo entre 

l5 a pilha d.e v1.so:r (80) e a .superficie e.xterna anterior da 

segunda c§mara de gas (40). 

12. Sistema, de aco:rdo com uma das :reivindicac;oes 1, 2, 

3, 4, 7, 8, 9, 10 ou 11, caracterizado pelo fato de que oar 

e.xterno ~ condicionado antes de ser fo:rc;ado entre a pilha de 

20 visor (80) ea superficie externa anterior da segunda c§mara 

de g3.,s (40) g 

13. 'l.isor eletr6nico controlarlo ' ' t c::errrucamen _.e, 

caracterizado pelo fato de compreender: 

'-] 1,., -J ' urna p1 .. _11a u.e v.i sor 

25 um conjunto de luz traseira (140) posicionado posterior 

a referida pilha de visor eletr6nico (80) e tendo uma 

superficie posterior; 

uma placa de convecc;~o restrita (300) 

proximidade com a superficie posterior do referido conjunto 

30 de luz t:raseira (140), o espac;o entre a placa de convecc;:,30 
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restrita (300) e a superficie posterior do conjunto de luz 

traseira (140) definindo um espaco (305) 

um ou ma is ventiladores de convecc;ao res tri ta ( 60) , 

(130) adaptados para aspirarem ar externo atravfs do referido 

5 e~:,r.Jac;o (30.5); 

uma primeira placa de vidro anti-refletivo ( 90) 

posicionada anterior a referida pilha de visor (80), o espaco 

entre a referida primeira placa de vidro anti-refletivo (90) 

e a referida pilha de v:1-sor (80) definindo um espac;:o de 

10 isolarnento (300); 

um pol a rizador linear ( 216) posicionado posterior a 

referida primeira placa de vidro anti-refletivo (90); e 

urrra segunda placa de vidro anti-refletivo (130) 

posicionada anterior a referida pr1me1ra placa de vidro anti-

l5 refletivo (90). 

d.e acorclo com a ' ' ·, ' ~ rel VlnO.lCct½-::ao 13, 

caracterizado pelo fato de aJ_nda compreender: 

um disposi tivo de cortina de ar ( 114) adaptado para 

forc;:ar oar sabre a segunda placa de vidro anti-refletivo 

20 (130). 

15. Visor, de acordo com qualquer uma das reivindicac;:6es 

13 ou 14, caracterizado pelo fato de o referido conjunto de 

luz traseira (140) cornpreender: 

uma placa de circuito i_mpresso (PCB) com uma 

25 anterior e uma posterior; 

uma -] J ' -J • p __ ura._1.u.ade de LEDs afixados a superficie anterior 

da referida PCB; e 

um revestimento metalico apLLcado a superficie 

posterior da referida PCB. 
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16. Visor, de acordo com qualquer uma das reivindicac;:6es 

13, 14 ou 15, caracterizado pelo fato de o visor compreender 

adicionalmente: 

uma prirneira c:amara de gas (30) compreendendo o referido 

5 espac;:o de isolamento (300) e tendo uma entrada (110) e uma 

saida (120), 

uma segunda camara de gas (40) em comunicac,~ao gasosa 

com a ent rada ( 110) e a saida ( 12 0) da referida primeira 

camara de gas (30) e posicionada posterior a superficie de 

10 visor eletr6nico (80), a referida segunda c§mara de gas (40) 

tendo superficies anterior e posterior; e 

um ou mais ventiladores da c§mara (50) localizados na 

referida segunda camara de gas ( t; 0) e configurados para a 

propulsJo de g6s em torno das primeira e segunda c§maras de 

l_5 gas (40), em que o gas contido na segunda camara de 

gas (40) sera resfriado pelo aspirador dear externo atrav~s 

do espa(;o (30':J) pelo urn ou rnai.s ventiladore::; de convecc;:ao 

re~:,trita (60), (130) ~ 

17. Mftodo para controle t~rmico de uma pilha de visor 

20 eletr6nico (80) que tern uma superficie de visor (85), 

caracterizado pelo fato de compreender as etapas de: 

prover o sistemB de controle t~rmico definido na 

reivindicac;:ao 1; 

forc;:ar um gas isolado atrav~s da primeira c§mara de gas 

25 (30) do sistema de controle tfrmico; 

transferir calor da superficie de visor eletr6nico (85) 

para o gas isolado; 

dirigir o gas isolado para a segunda camara de aas (40) 

do sistema de controle t~rmico; 
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resfriar o gas isolado na segunda c§mara de gas (40) ao 

forcar ar externo entre a pilha de visor (80) ea superficie 

anterior da segunda c§mara de g6s (40), se um resfriamento 

for de.sejado; e 

5 reintroduzir o gas isolado na primeira camara de gi'.i.s 

(30) 

Metodo, acorclo com a rei vind.ica\,~ao -1 ~-, 

J_ / f 

caracterizado pelo fato a etapa de re.sfriamento 

compreender as eta.pas de: 

10 transfer~ncia de calor do gas isolado para as paredes 

da segunda c§mara de gis (40); 

forcar oar sobre as paredes da segunda camara de gas 

( 4 0) ; e 

transfer~ncia do calor das paredes da segunda c§mara de 

l5 gas (40) para o a:r. 

19. 1'-'letodo, de acorclo com a rei ·vindicac;ao 

caracterizado pelo fate de ainda compreender a etapa de: 

' t :! ' aquecirnen -;o co gas isolado na ~:,egund.a camara cle q§s 

(40), caso um aquecimento seja desejado. 

20 2 0.. r1et~ocio, de acordo corn qualquer uma das 

reivindicacoes 1 '7 ', 18 ou 19, caracterizado pelo fato de ainda 

compreender as etapas de: 

localizar uma placa de conveccJo restrita (.300) 

posterior ao conjunto de luz traseira (140), a 6rea entre a 

25 placa de conveccJo restrita (300) e o conjunto de luz 

traseira (l40) definindo um espaco (305); e 

forcar oar externo atraves do referido espaco (305) de 

mode a refrigerar o conjunto de luz traseira (140). 
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Fig.3 

Fig.4 
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Fig.7 
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Fig.8 

Fig.9 
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(57) Abstract: A system for cooling an 
electronic image assembly. One embod­
iment of the system contains a plurality 
of channels 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 
also be used to cool a front portion of 
the electronic image assembly or any 

211 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 intenml fan assembly for draw­
ing ambient air through the heat ex­
changer 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 

P.0061069 

[0001] Exemplary embodiments generally rel_a.te 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 nlts or more. Sometimes, these illumination levels 

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

ar~as where the display iHumination must compete with o1her 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. r n 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 1n 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. 

[001 OJ 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] In an aspect, there is provided 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 comprises a first 

portion of a hea1 exchanger w~ich accepts ambient gas from the inlet aperture. A 

second portion of a heat exchanger accepts ambient gas from the first portion. A first 

fan is 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 

forces circulating gas through the internal cavity and at least one of the heat exchanger 

portions. A plurality of channels is placed behind the electronic image assembly, each 

channel having an inlet and exit. A first manifold is in gaseous communication with the 

inlet of each channel. A second manifold is in gaseous communication with the exit of 

each channel. A third fan is positioned to force ambient gas through the channels. 

[0012] In another aspect, there is provided a system for cooling an electronic image 

assembly with ambient gas. The system comprises a plurality of channels placed 

behind the electronic image assembly. Each channel has an inlet and exit. A first 
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manifold is in gaseous communication with the inlet of each channel. A second 

manifold is in gaseous communication with the exit of each channel. A fan is positioned 

to force ambient gas through the channels. 

[0013] In another aspect, there is provided an electronic display assembly comprising 

a housing. An electronic image assembly is contained within the housing and has a 

pair of opposing edges. An inlet aperture rs provided in the housing for accepting 

ambient gas. An exhaust aperture is provided in in the housing for exhausting ambient 

gas. A plurality of channels is placed behind the electronic image assembly .. A first 

manifold is 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 is placed along the opposite edge as the first manifold which accepts ambient 

gas from the channels and directs it towards the exhaust aperture. A fan is provided 

which forces the ambient gas through the channels. 

[0014] In another aspect, there is provided an electronic display assembly comprising 

a housing having a top portion, bottom portion, and a pair of vertical edges. An 

electronic image assembly is contained within the housing. An inlet aperture is 

provided in the housing for accepting ambient gas. An exhaust aperture is provided in 

the housing for exhausting ambient gas. A plurality of metallic channels are placed 

behind and in conductive thermal communication with the electronic image assembly. 

A first manifold is 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 is placed along the opposite vertical edge as the first manifold which 

accepts ambient gas from the channels and directs it towards the exhaust aperture. A 

plurality of fans are provided within the first manifold which draw the ambient gas into 

the inlet aperture and through the channels. 

[0015] In another aspect, there is provided 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 comprises a first 

portion of a heat exchanger positioned to accept ambient gas from the inlet aperture. A 

second portion of a heat exchanger is positioned to accept ambient gas from the first 

portion. A first fan is positioned between the first and second portions to pull ambient 
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gas through the first portion and push ambient gas through the second portion. A 

second fan is positioned to force circulating gas through the internal cavity and at least 

one of the heat exchanger portions. A plurality of channels are placed behind_ the 

electronic image assembly, each channel having an inlet and exit. A first manifold is in 

gaseous communication with the inlet of each channel. A second manifold is in 

gaseous communication with the exit of each channel. A third fan is positioned to force 

ambient gas through the channels. 

[0016] In another aspect, there is provided 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 has an inlet and exit. A first 

manifold is in gaseous communication with the inlet of each channel. A second 

manifold is in gaseous communication with the exit of each channel. A fan is positioned 

to force ambient gas through the channels. A front plate is 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 is positioned to force circulating 

gas through the front channel. A pass through plate has 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. 

[0017] In another aspect, there is provided an electronic display assembly comprising 

a housing. An electronic image assembly is contained within the housing and having a 

pair of opposing edges. An inlet aperture is in the housing for accepting ambient gas. 

An exhaust aperture is in the housing for exhausting ambient gas. A plurality of 

channels placed behind the electronic image assembly. A first manifold is placed along 

one of the opposing edges to accept ambient gas from the inlet aperture and distribute 

ambient gas to the plurality of channels. A second manifold is placed along the 

opposite edge as the first manifold to accept ambient gas from the channels and direct 

it toward the exhaust aperture. A fan is positioned to force the ambient gas through the 

channels. A transparent front plate is 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 is positioned to force circulating gas through the front 

channel. A first pass through plate is adjacent to 1he first manifold and a second pass 
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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. 

[0018] In another aspect, there is provided an electronic display assembly comprises 

a housing having a top portion, bottom portion, a pair of vertical edges, and an internal 

cavity for circulating gas. An electronic image assembly is contained within the 

housing. An inlet aperture is in the housing for accepting ambient gas. An exhaust 

aperture i$ in the housing for exhausting ambient gas. A plurality of metallic channels is 

placed behind and in conductive thermal communication with the electronic image 

assembly. A first manifold is placed along one of the vertical edges to accept ambient 

gas from the inlet aperture and distribute ambient gas to the plurality of channels. A 

second manifold is placed along the opposite vertical edge as the first manifold to 

accept ambient gas from the channels and direct it toward the exhaust aperture. At 

least a first fan within the first manifold is positioned to draw the ambient gas into the 

inlet aperture and through the channels. Also provided is a heat exchanger comprising 

a first portion and a second portion, the first portion adapted to receive ambient gas 

from the inlet aperture, and the second portion adapted to receive ambient gas from the 

first portion. At least a second fan is positioned between the first and second portions 

of the heat exchanger to pull ambient gas through the first portion and push ambient 

gas through the second portion. At least a third fan positioned to force circulating gas 

through the internal cavity and at least one of the heat exchanger portions. 

[00191 In another aspect, there is provided a method for cooling an electronic image 

assembly comprising the steps of: circulating a closed loop of circulating gas around the 

electronic image assembly directing a flow of ambient air through a first manifold; 

allowing the flow of ambient air to cross the flow of circulating gas without allowing the 

two to mix; directing the flow of ambient air behind the electronic image assembly; and 

directing the flow of ambient air through a second manifold. 

[0020] In another aspect, there is provided a method for cooling an electronic image 

assembly having a pair of opposing edges and contained within a housing, the method 

comprising the s1eps of: positioning a circulating fan within the housing to cause a 
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closed loop of circulating gas to flow around the electronic image assembly; placing a 

first manifold along one of the opposing edges of the electronic image assembly; 

placing a second manifold along the opposite edge of the electronic image assembly as 

the first manifold; placing a plurality of channels behind the electronic image assembly, 

where each channel is in gaseous communication with the first and second manifolds; 

and positioning an ambient air fan within the housing to cause a flow of ambient air 

through the first manifold, channels, and second manifold without allowing the ambient 

air to mix with the circulating gas. 

[0021] In another aspect, there is provided a method for cooling an electronic image 

assembly contained within a housing which encloses a first and second manifold along 

opposing edges of the housing, the method comprising the steps of placing a first pass 

through plate adjacent to the first manifold; placing a second pass through plate 

adjacent to the second manifold; circulating a closed loop of circulating gas around the 

electronic image assembly and through the first and second pass through plates; and 

directing a flow of ambient air through the first manifold, through the first pass through 

plate, behind the electronic image assembly, through the second pass through plate, 

and through the second manifold. 

[0022] In another aspect, there is provided an apparatus comprising an electronic 

image assembly and a housing assembly containing the electronic image assembly. A 

first fan is affixed to the housing assembly to force circulating gas through a first zone of 

the interior of the housing assembly. A second fan is affixed to the housing assembly 

to cause a flow of ambient gas from outside the housing assembly to pass through a 

second zone of the interior of the housing assembly. A structure is positioned within 

the housing assembly to allow the circulating gas to cross the flow of the ambient gas 

while substantially prohibiting the circulating gas from mixing with the ambient gas. 

[0023] In another aspect, there is provided an apparatus comprising an electronic 

image assembly and a housing assembly containing the electronic image assembly. A 

first fan is affixed within the housing assembly to force circulating gas through a first 

zone of the housing assembly. A second fan is affixed within the housing to cause a 

flow of ambient gas through a second zone of the housing assembly. Also provided is 

a structure having a first series of voids adapted to accept the circulating gas· and a 
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second series of voids adapted to accept the ambient gas, wherein the first series of 

voids is oriented substantially perpendicular to the second series of voids. 

[0024] ln another aspect, there is provided an apparatus comprising an electronic 

image assembly. A first fan is positioned to force circulating gas around the electronic 

image assembly in a closed loop. A second fan is positioned to cause a first flow of 

ambient gas. A first structure is positioned on a first side of the electronic image 

assembly to allow the circulating gas to cross the flow of the ambient gas without 

permitting the circulating gas to substantially mix with the ambient gas. A second 

structure is positioned on a second side of the electronic image assembly to allow the 

circulating gas to cross the flow of the ambient gas without permitting the circulating gas 

to substantially mix with the ambient gas. A heat exchanger is positioned to accept 

both the circulating gas and the ambient gas without permitting the circulating gas to 

substantfally mix with the ambient gas. 

[0025] In another aspect, there is provided an apparatus comprising an electronic 

image assembly and a housing assembly containing the electronic image assembly. A 

firs1 fan is connected to the housing assembly and adapted to circulate gas in a first 

path through an interior of the housing assembly. A second fan is connected to the 

housing assembly and adapted to cause ambient gas from outside the housing 

assembly to circulate in a second path through the interior of the housing assembly. A 

structure is positioned within the housing assembly and configured to allow the gas in 

the first path to cross over the ambient gas in the second path. 

[0026] In another aspect, there is provided an apparatus comprising an electronic 

image assembly and a housing assembly containing the electronic image assembly. A 

first fan is connected to the housing assembly and adapted to circulate gas in a first 

path through the housing assembly. A second fan connected to the housing assembly 

and adapted to cause ambient gas to circulate in a second path through the housing 

assembly. A structure comprises a first series of voids configured to accept the gas in 

the first path and a second series of voids configured to accept the ambient gas in the 

second path, wherein the first series of voids is oriented substantially perpendicular to 

the second series of voids. 

8 
STL·CEA/PCT·CDA 

CA 2798277 2018-05-15 

SEC et al. v. MRI 
SEC Exhibit 1022.1311 

IPR2023-00221



05115/2018 12:46 Patents f PX)705 652 6074 P.0141069 

[0027] In another aspect, there is provided an apparatus comprising an electronic 

image assembly. A first fan is adapted to circulate gas around the electronic image 

assembly in a first path. A second fan is adapted to circulate a first flow of ambient gas. 

A first structure on a first side of the electronic image assembly is configured to allow 

the gas in the first path to cross over the first flow of ambient gas. A second structufe 

on a second side of the electronic image assembly is configured to allow the gas in the 

first path to cross over the firs1 flow of ambient gas. A heat exchanger configured to 

accept the gas in the first path and a second flow of ambient gas. 

[00281 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 

[0029] 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: 

[0030] FIGURE 1A provides a front perspective view of an exemplary embodiment of 

the electronic display. 

[0031] FIGURE 1B provides a rear perspective view of an exemplary embodiment of 

the electronic display. 

[0032] FIGURE 2 provides a rear perspective view similar to that shown in Figure 1 B 

where the rear cover has been removed. 

[0033] FIGURE 3 provides a perspective sectional view along the A-A section line 

shown in Figure 18. 

[0034] FIGURE 4 provides a perspective sectional view along the B-B section line 

shown in Figure 18. 

[0035] FIGURE 5 provides a perspective sectional view of insert C shown fn Figure 4. 

[0036] FIGURI= 6 provides a perspective sectional view of one embodiment of the 

cross through plate. 

[0037] FIGURE 7 provides an exploded perspective view of one exemplary 

embodiment of the heat exchanger and fan assembly. 
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[0038) 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). 

[0039] FIGURE 9 provides a perspective sectional view of an exemplary embodiment 

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

circulating gas between the LCD and front pla1e. 

Detailed Description 

[0040] 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 heref n. Rather, these 

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

wlll 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. 

[0041] 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/or11 includes any and all combinations of one or more of the associated listed 

items. 

[0042) 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 te11Tied a second element, 

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

invention. 
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[0043} 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 t'? 
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. ,he device may be otherwise oriented {rotated 90 

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

interpreted accordingly. 

[0044] 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 11a11
, "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 11comprises" and/or ''comprising," when used in this specificetion, 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. 

[0045] Embodiments of the invention are described herein with reference to cross­

sec1ion 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. 

[0046) 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 nonMimplanted 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 
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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. 

[0047] 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. 

[0048] FIGURE 1A provides a front perspective view of an exemplary embodiment of 

the electronic display 100. A transparent front plate 10 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 indexM 

matching optical adhesive. Some front plates 10 may provide other utility such as antiM 

reflection or polarizing functions. An inlet aperture 24 and e,<it aperture 25 may be 

provided in the housing so that the display 100 can accept ambient gas for cooling the 

display 100. 

[0049] FIGURE 1 B 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. 

[0050] FIGURE 2 provides a rear perspective view similar to that shown in Figure 18 

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). 
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[0051] Optionally, ambient gas 210 may also be ingested into the display through inlet 

aperture 24 (or a separate inlet aperture). Ambient gas 210 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 210 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 80) 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 210 

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 210 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. 

[0052] 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 afong 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. 

[0053) 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 

ambient gas 200 or ambient gas 210. Also, if using both flows of ambient gas 200 and 

ambient gas 21 0 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. 

[00541 FIGURE 3 provides a perspective sectional view along the A-A section line 

shown in Figure 18. 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 
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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. 

[0055] 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 ma11ifold 30 {not shown here). The flow of ambient gas 210 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 raar 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. 

[0056] 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, 12' 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 

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. 

[0057] FIGURE 4 provides a perspective sectional view along the 8-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 
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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 1 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. 

[0058] 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 modules1 heat sinks, capacitors, motors, microprocessors, hard 

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

(0059] 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 210 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 210 and the 

circulating gas 250 may cross, but it is preferable to keep the two gases from mixing (as 

the ambient gas 210 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 

because it travels in front of the electronic image assembly 50. Thus1 to keep the 

image quality from being impaired, it may be desirable to keep the circulating gas 250 

clean and prevent lt from mixing with the ambient gas 210. 

[0060] 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 1 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 
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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. 

[0061) 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 1he 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 5031 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. 

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 451 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. 

[0062] 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 

16 
STL-CEA/ PCT •CDA 

CA 2798277 2018-05-15 

SEC et al. v. MRI 
SEC Exhibit 1022.1319 

IPR2023-00221



05/15/2018 12:53 Patents (FAX)705 652 6074 P.022/069 

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 1 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. 

[0063] In this embodiment, portion 48 is thinner and longer than portion 47. This was 

done in order to frae 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 4 7 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. Thrs design may be preferable when it is desirable to create 

the largest possible heat exchanger 45 (for maximum cooling abilities) even though 

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. 
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[0064] 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). 

[0065] 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 plate$, This 

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). 
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[0066] 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. 

[0067] 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). 

[0068] FIGURE 8 provides a perspective sectional view of another embodiment which 

uses a. flow of circulating gas 350 through the backHght cavity of a liquid crystal display 

(LCD) 300. In this embodiment, a LCD 300 and an associated backlight 320 are used 

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 backllght 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 
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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. 

[0069] 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 crrculating 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 m~y be cooled by the ambient gas 200 (also not shown in this figure). In thjs way, 

both the front channel 251 and the backlight cavity are placed in gaseous 

communication with the heat exchanger 45. 

[00701 Also shown in Figure 9 is the optional additional flow of ambient gas 210 

which may travel immedlately behind the electronic image assembly (in this 

embodiment backlight 320). Once travelling through the first manifold 30, the ambient 

gas 21 O 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 210 into the first 

manifold 30 and through the channels 60. Again, the cross though plate 500 may be 

used to allow the circulating gases 350 and 250 to cross paths with the ambient gas 

21 0 without letting the two gases mix. 

[0071] In an exemplary embodiment, the backHght 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 
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metallic and more preferably aluminum and the thermal communication between the 

channels 60 and the backlight 320 would be conductive thermal communication. 

[0072] As noted above, many electronic image assemblies (especially LEDs, LCDs, 

and OLEDs) may have performance properties which vary depending on temperature. 

When 'hot spots1 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 coal the backlightand/or electronic image assembly. 

[0073] The circulating gases 250 and 350, ambient gas 200, and optional ambient 

gas 21 O 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. 

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 1 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, 
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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. 

[0074] 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. 

[0075] 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. Furthermore1 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 

applications (e.g., factory/industrial environments, spas, locker rooms) where thermal 

stability of the display may be a concern. 

[0076] As is well known in the art, electronic dl$plays can be oriented in a portrait 

manner or landscape manner and either can be used with the embodiments herein. 

[00TT] 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 
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of the elements indicated above may be altered or replaced by different elements which 

will pmvide 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 positioned to accept ambient gas from the 

inlet aperture; 

a second portion of a heat exchanger positioned to accept ambient gas from the 

first portion; 

a first fan positioned between the first and second portions to pull ambient gas 

through the first portion and push ambient gas through the second 

portion: 

a second fan positioned to force 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 fn 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; 

a fan positioned to force ambient gas through the channels: 

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 positioned to force circulating gas through the front channel; and 
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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. 

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 or 3 wherein: 

the first and second manifolds are placed along a pair of vertical edges of the 

electronic image assembly. 

5. The cooling system of any of claims 2 to 4 wherein: 

the fan is placed within either the first or second manifold. 

6. The cooling system of any of claims 2 to 5 wherein: 

the channels have a rectangular cross-section. 

7. The cooling system of any of claims 2 to 6 wherein: 

the channels are arranged in horizontal rows. 

8. The cooling system of any of claims 2 to 7 wherein: 

the channels are metallic. 

9. The cooling system of any of claims 2 to 8 wherein: 

the first and second gas pathways are substantially perpendicular. 

10. The cooling system of any of claims 2 to 9 wherein: 

the first and second gas pathways do not allow the ambient gas and circulating 

gas to mix. 

11. The cooling system of any of claims 2 to 10 wherein: 
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the pass through plate is positioned adjacent to the first manifold. 

12. An electronic display assembly comprising: 

a housing; 

P.0311069 

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 to accept ambient gas 

from the inlet aperture and distribute ambient gas to the plurality of 

channels; 

a second manifold placed along the opposite edge as the first manifold to accept 

ambient gas from the channels and direct it toward the exhaust aperture; 

a fan positioned to force the ambient gas through the channels; 

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 positioned 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. 

13. The electronic display assembly of claim 12 wherein: 

the fan is placed within the first manifold. 

14. The electronic display assembly of claim 12 or 13 wherein: 

the housing contains a top and bottom portion; 

the inlet aperture is located at the top portion of the housing; and 
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the exhaust aperture is located at the bottom portion of the housing. 

15. The electronic display assembly of any of claims 12 to 14 wherein: 

the first and second manifolds are oriented vertically; and 

the pluraHty of channels are oriented horizontally. 

16. The electronic display assembly of any of claims 12 to 15 wherei~: 

P.032/069 

the channels are in conductive thermal communication with the electronic image 

assembly. 

17. The cooling system of any of claims 12 to 16 wherein: 

the first and second gas pathways are substantially perpendicular. 

18. An electronic display assembly comprising: 

a housing having a top portion, bottom portion, a pair of vertical edges, and an 

internal cavity for circulating gas: 

an electronic image assembly contained within the housing; 

an inletaperture 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 to accept ambient gas 

from the inlet aperture and distribute ambient gas to the plurality of 

channels; 

a second manifold placed along the opposite vertical edge as the first manifold to 

accept ambient gas from the channels and direct it toward the exhaust 

aperture; 

at least a first fan within the first manifold positioned to draw the ambient gas into 

the inlet aperture and through the channels; 
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a heat exchanger comprising a first portion and a second portion, said first 

portion adapted to receive ambient gas from the inlet aperture, and said 

second portion adapted to receive ambient gas from the first portion; 

at least a second fan positioned between the first and second portions· of the 

heat exchanger to pull ambient gas through the first portion and p~sh 

ambient gas through the second portion; and 

at least a third fan positioned to force circulating gas through the internal cavity 

and at least one of the heat exchanger portions. 

19. The electronic display assembly of claim 18 wherein: 

the electronic image assembly is a liquid crystal display. 

20. The assembly of claim 1 wherein: 

the channels are in thermal communication with the electronic image assembly. 

21 The assembly of claim 1 or 20 wherein: 

the fir$t and second manifolds are placed along a pair of vertical edges of the 

electronic image assembly. 

22. The assembly of any of claims 1 to 21 wherein: 

the third fan is placed within either the first or second manifold. 

23. The assembly of any of claims 1 to 22 wherein: 

the channels have a rectangular cross-section. 

24. The assembly of any of claims 1 to 23 wherein: 

the channels are arranged in horizontal rows. 

25. The assembly of any of claims 1 to 24 wherein: 

the channels are metallic. 
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26. The assembly of any of claims 1 to 25 wherein: 

the assembly is configured not to allow ambient gas in the channels to mix with 

the circulating gas. 

27. The assembly of any of claims 1 to 26 wherein: 

the assembly is configured not to allow the ambient gas that is pushed through 

the second portion of the heat exchanger to mix with the circulating gas. 

28. The electronic display assembly of any of claims 12 to 17 wherein: 

the electronic image assembly is a liquid crystal display. 

29. The electronic display assembly of any of claims 12 to 17, and 28 wherein: 

the first and second gas pathways do not allow the ambient gas and circulating 

gas to mix. 

30. The electronic display assembly of claim 18 or 19 wherein: 

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. 

31. The electronic display assembly of any of claims 18, 19, and 30 wherein: 

the channels are oriented horizontally. 

32. The electronic display assembly of any of claims 18, 19, 30, and 31 wherein: 

the channels have a rectangular cross-section. 

33. The electronic display assembly of any of claims 18, 19, and 30 to 32 wherein: 

the channels are arranged in horizontal rows. 

34. The electronic display assembly of ~ny of claims 18, 19, and 30 to 33 wherein: 

the electronic display assembly is configured not to allow ambient gas in the 

channels to mix with the circulating gas. 
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35. The electronic displ~y assembly of any of claims 18, 19, and 30 to 34 wherein: 

the electronic display assembly is configured not to allow the ambient gas that is 

pushed through the second portion of the heat exchanger to mix with the 

circulating gas. 

36. A method for cooling an electronic image assembly comprising the steps of: 

circulating a closed loop of circulating gas around the electronic image assembly; 

directing a flow of ambient air through a first manifold; 

allowing the flow of ambient air to cross the flow of circulating gas without 

allowing the two to mix; 

directing the flow of ambient air behind the electronic image assembly; and 

directing the flow of ambient air through a second manifold. 

37. The method of claim 36 wherein'. 

the circulating gas travels in front of the electronic image assembly and behind 

the electronic image assembly. 

38. The method of claim 36 or 37 wherein: 

the step of allowing the flow of ambient air to cross the flow of circulating gas is 

performed by a pass through plate. 

39. The method of any of claims 36 to 38 wherein~ 

the manifolds travel lengthwise down vertical sides of the electronic image 

assembly. 

40. The method of any of claims 36 to 39 wherein: 

the step of directing the flow of ambient air behind the electronic image assembly 

is performed by a plurality of channels which are placed behind the electronic 

image assembly, where the channels are in gaseous communication with the 

first and second manifolds. 
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41 . The method of any of claims 36 to 40 further comprising the steps of: 

forcing the circulating gas through a first set of pathways in a heat exchanger, 

and 

forcing the ambient air through a second set of pathways in said heat exchanger. 

42. The method of claim 41 wherein: 

the step of forcing the circulating gas through the heat exchanger is performed 

by a circulating fan, and 

the step of forcing the ambient air through the heat exchanger is performed by 

an ambient air fan. 

43. The method of any of claims 36 to 42 wherein: 

the closed loop of circulating gas travels in front of the electronic image 

assembly, between a transparent front plate and a front surface of the 

electronic image assembly. 

44. The method of claim 40 wherein: 

the channels are placed in conductive thermal communication with the electronic 

image assembly. 

45. A method for cooling an electronic image assembly having a pair of opposing 

edges and contained within a housing, the method comprising the steps of: 

positioning a circulating fan within the housing to cause a closed loop of 

circulating gas to flow around the electronic image assembly; 

placing a first manifold along one of the opposing edges of the electronic image 

assembly; 

placing a second manifold along the opposite edge of the electronic image 

assembly as the first manifold; 

placing a plurality of channels behind the electronic image assembly, where each 

channel is in gaseous communication with the first and second manifolds; 

and 
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positioning an ambient air fan within the housing to cause a flow of ambient air 

through the first manifold, channels, and second manifold without allowing 

the ambient air to mix with the circulating gas. 

46. The method of claim 45 wherein: 

the circulating gas travels in front of the electronic image assembly and behind 

the electronic image assembly. 

47. The method of claim 45 or 46 further comprising the steps of: 

positioning a first pass through plate adjacent to the first manifold; and 

positioning a second pass through plate adjacent to the second manifold. 

48. The method of claim 47 wherein: 

the first and second pass through plates accept both ambient air as well as 

circulating gas but do not permit the two to mix. 

49. The method of any of claims 45 to 48 further comprising the steps of: 

forcing the circulating gas through a first set of pathways in a heat exchanger, 

and 

forcing the ambient air through a second set of pathways in said heat exchanger. 

50. The method of any of claims 45 to 49 wherein: 

the closed loop of circulating gas travels in front of the electronic image 

assembly, between a transparent front plate and a front surface of the 

electronic image assembly. 

51. The method of any of claims 45 to 50 wherein: 

the channels are placed in conductive thermal communication with the electronic 

image assembly, 
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52. A method for cooling an electronic image assembly contained within a housing 

which encloses a first and second manifold along opposing edges of the 

housing, the method comprising the steps of: 

placing a first pass through plate adjacent to the first manifold; 

placing a second pass through plate adjacent to the second manifold; 

circulating a closed loop of circulating gas around the electronic image assembly 

and through the first and second pass through plates; and 

directing a flow of ambient air through the first manifold, through the first pass 

through plate, behind the electronic image assembly1 through the second 

pass through plate, and through the second manifold. 

53. The method of claim 52 further comprising the steps of: 

forcing the circulating gas through a first set of pathways in a heat exchanger, 

and 

forcing the ambient air through a second set of pathways in said heat exchanger. 

54. The method of claim 52 or 53 wherein: 

the closed loop of circulating gas travels in front of the electronic image 

assembly, between a transparent front plate and a front surface of the 

electronic image assembly. 

55. The method of any of claims 52 to 54 further comprising the steps of: 

further directing the ambient air through a plurality of channels which are placed 

in conductive thermal communication with the electronic image assembly. 

56. An apparatus comprising'. 

an electronic image assembly and a housing assembly containing said electronic 

image assembly; 

a first fan affixed to said housing assembly to force circulating gas through a first 

zone of the interior of said housing assembly; 
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a second fan affixed to said housing assembly to cause a flow of ambient gas 

from outside said housiog assembly to pass through a second zone of the 

interior of said housing assembly; and 

a structure positioned within said housing assembly to allow the circulating gas to 

cross the flow of the ambient gas while substantially prohibiting the 

circulating gas from mixing with the ambient gas. 

57. The apparatus of claim 56 wherein: 

the flow of ambient gas is adapted to travel behind the electronic image 

assembly. 

58. The apparatus of claim 56 or 57 further comprising: 

a plurality of channels placed behind the electronic image assembly, each 

channel having an inlet and exit and positioned to accept ambient gas. 

59. The apparatus of claim 58 further comprising: 

a first manifold in gaseous communication with the inlet of each channel; and 

a second manifold in gaseous communication with the exit of each channel. 

60. The apparatus of any of claims 56 to 59 wherein: 

the structure comprises a first series of voids adapted to accept the circulating 

gas and a second series of voids adapted to accept the ambient gas. 

61. The apparatus of any of claims 56 to 60 wherein: 

the structure comprises a first and second series of voids where the first series of 

voids are oriented substantially perpendicular to the second series of 

voids. 

62. The apparatus of any of claims 56 to 61 wherein: 

the flow of ambient gas is adapted to cross the closed loop of circulating gas at a 

right angle. 
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63. The apparatus of claim 58 or 59 wherein: 

the channels are in thermal communication with the electronic image assembly. 

64. The apparatus of claim 59 wherein: 

the first and second manifolds are placed along a pair of vertical edges of the 

electronic image assembly. 

65. An apparatus comprising: 

an electronic image assembly and a housing assembly containing said electronic 

image assembly; 

a first fan affixed within the housing assembly to force circulating gas through a 

first zone of said housing assembly; 

a second fan affixed within the housing to cause a flow of ambient gas through a 

second zone of said housing assembly; and 

a structure having 

a first series of voids adapted to accept the circulating gas and 

a second series of voids adapted to accept the ambient gas; 

wherein the first series of voids is oriented substantially perpendicular to the 

second series of voids. 

66. The apparatus of claim 65 further comprising: 

a front channel placed in front of the electronic image assembly where the 

circulating gas is adapted to travel through the front channel. 

67. The apparatus of claim 65 or 66 further comprising: 

a plurality of channels placed behind the electronic image assembly, each 

channel having an inlet and exit and positioned to ambient gas. 

68. The apparatus of claim 67 further comprising: 

a first manifold in gaseous communication with the inlet of each channel behind 

the electronic image assembly; and 
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a second manifold in gaseous communication with the exit of each channel 

behind the electronic image assembly. 

69. The apparatus of any of claims 65 to 68 wherein: 

the structure does not permit the circulating gas to substantially mix with the 

ambient gas. 

70. The apparatus of any of claims 65 to 69 further comprising: 

a heat exchanger positioned to accept the circulating gas in addition to a second 

flow of ambient gas. 

71. An apparatus comprising'. 

an electronic image assembly; 

a first fan posftioned to force circulating gas around the electronic image 

assembly in a closed loop; 

a second fan positioned to cause a first flow of ambient gas; 

a first structure positioned on a first side of the electronic image assembly to 

allow the circulating gas to cross the flow of the ambient gas without 

permitting the circulating gas to substantially mix with the ambient gas; 

a second structure positioned on a second side of the electronic image assembly 

to allow the circulating gas to cross the flow of the ambient gas without 

permitting the circulating gas to substantially mix with the ambient gas; 

and 

a heat exchanger positioned to accept both the circulating gas and the ambient 

gas w:ithout permitting the circulating gas to substantially mix with the 

ambient gas. 

72. The apparatus of claim 71 further comprising: 

a first manifold positioned adjacent to the first pass through plate; and 

a second manifold positioned adjacent to the second pass through plate. 
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73. The apparatus of claim 71 or 72 wherein: 

the first and second structure each comprise a first series of voids positioned to 

accept the circulating gas and a second series of voids positioned to 

accept the ambient gas. 

74. The apparatus of any of claims 71 to 73 wherein: 

the first and second structure each comprise a first and second series of voids 

where the first series of voids are oriented substantially perpendicular to 

the second series of voids. 

75. An apparatus comprising: 

an electronic image assembly; 

a housing assembly containing said electronic image assembly; 

a first fan connected to said housing assembly and adapted to circulate gas in a 

first path through an interior of said housing assembly; 

a second fan connected to said housing assembly and adapted to cause ambient 

gas from outside said housing assembly to circulate in a second path 

through said interior of said housing assembly; and 

a structure positioned within said housing assembly and configured to allow the 

gas in said first path to cross over the ambient gas in said second path. 

76. The apparatus of claim 75 wherein said second fan is adapted to circulate the 

ambient gas in said second path, which goes behind the electronic. image 

assembly. 

77. The apparatus of claim 75 or 76 further comprising a plurality of channels behind 

said electronic image assembly, each said channel having an inlet and an exit 

and configured to accept ambient gas. 

78. The apparatus of claim 77 further comprising: 
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a first manifold in gaseous communication with said inlet of each said channel; 

and 

a second manifold in gaseous communication with said exit of each said 

cha.nnet 

79. The apparatus of claim 78 wherein said iir8t manifold and said second manifold 

are respectively placed along a pair of vertical edges of said electronic image 

assembly. 

80. The apparatus of any of claims 77 or 79 wherein said channels are in thermal 

communication with said e\ectronic image assembly. 

81. The apparatus of any of claims 75 to 80 wherein said structure comprises a first 

series of voids configured to accept the gas in said first path and a second series 

of voids configured to accept the ambient gas in said second path. 

82. The apparatus of any of claims 75 to 81 wherein said structure comprises a first 

and a second series of voids wherein said first series of voids are oriented 

substantially perpendicular to said second series of voids. 

83. The apparatus of any of claims 75 to 82 wherein said first path crosses over said 

second path at a right angle. 

84. An apparatus comprising: 

an electronic image assembly; 

a housing assembly containing said electronic image assembly; 

a first fan connected to said housing assembly and adapted to circulate gas in a 

first path through said housing assembly; 

a second fan connected to said housing assembly and adapted to cause 

ambient gas to circulate in a second path through said housing assembly; and 
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a structure comprising a first series of voids configured to accept the gas in said 

first path and a second series of voids configured to accept the ambient 

gas in said second path; 

wherein said first series of voids is oriented substantially perpendicular to said 

second series of voids. 

85. The apparatus of claim 84 further comprising a channel in front of said electronic 

image assembly such that said first fan is adapted to circulate the gas in said first 

path through said front channel. 

86. The apparatus of claim 84 or 85 further comprising a plurality of channels behind 

said electronic image assembly, each said channel having an inlet and an exit 

configured to accept ambient gas. 

87. The apparatus of claim 86 further comprising: 

a first manifold in gaseous communication with said inlet of each said channel 

behind said electronic image assembly; and 

a second manifold in gaseous communication with said exit of each said channel 

behind said electronic image assembly. 

88. The apparatus of any of claims 84 to 87 wherein said structure is configured to 

substantially separate the gas in said first path from the ambient gas in said 

second path. 

89. The apparatus of any of claims 84 to BB further comprising a heat exchanger 

configured to accept the gas in said first path in addition to a second flow of 

ambient gas. 

90. An apparatus comprising: 

an electronic image assembly; 
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a first fan adapted to circulate gas around said electronic image assembly in a 

first path; 

a second fan adapted to circulate a first flow of ambient gas; 

a first structure on a first side of said electronic image assembly configured to 

allow the gas in said first path to cross over the first flow of ambient gas; 

a second structure on a second side of said electronic image assembly 

configured to allow the gas in said first path to cross over the first flow of 

ambient gas; and 

a heat exchanger configured to accept the gas in said first path and a second 

flow of ambient gas. 

91. The apparatus of claim 90 further comprising: 

a first manifold adjacent to said first structure; and 

a second manifold adjacent to said second structure. 

92. The apparatu$ of claim 90 or 91 wherein said first structure and said second 

structure each comprise a first series of voids configured to accept the gas in 

said first path and a second series of voids configured to accept the first flow of 

ambient gas. 

93. The apparatus of claim 90 to 92 wherein said first structure and said second 

structure each comprise a first series of voids and a second series of voids such 

that said first series of voids is oriented substantially perpendicular to said 

second series of voids. 

94. The apparatus of any of claims 90 to 93 wherein said first structure and said 

second structure are each configured to substantially separate the gas in said 

first path from the first flow of ambient gas. 
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Description tail A shown in Figure 1. 

Technical Field 

[0001) Embodiments generally relate to systems for in- 5 

stalling and cooling electronic displays mounted to aver­
tical surface. 

FIG URE 3 is a front perspective view ofan exemplary 
hybrid rear cover and mounting bracket, once fas­
tened to a vertical surface and connected to service 
wiring. 
FIGURE 4 is a detailed front perspective view of De­
tail B shown in Figure 3. 

Background of the Art 
FIGURE 5 is a detailed front perspective view of De­
tail C shown in Figure 3. 

10 

[0002) Electronic displays are sometimes used in out­
door environments or other areas where the surrounding 
temperatures may be high or there may be other sources 

FIGURE 6 is a front perspective view of the exem­
plary method for attaching the electronic display as­
sembly module to the hybrid rear cover and mounting 
bracket. 

of heat such as solar loading causing the temperatures 
within the display to rise. However, some portions of the 15 

display can bedifficulttocoolassimply ingesting ambient 

FIGURE 7 is a front elevation view of the hybrid rear 
cover and mounting bracket once assembled with 
the electronic display assembly module and indicat­
ing the section line A-A. air into some portions of the display can introduce dust 

and contaminates into sensitive portions of the display, 
which can lead to premature failures. Further, it is now 
desirable to provide an improved system for installing 20 

large electronic displays in public area. KR20020057425 
discloses a device for adjusting the angle of a wall mount-

FIGURE 8 is a partial section view taken along the 
section line A-A and showing the top portion of the 
assembly. 
FIGURE 9 is a partial section view taken along the 
section line A-A and showing the bottom portion of 
the assembly. ed display apparatus. US 2013/270975 discloses a re­

placeable glass panel for an electronic display. 

Summary of the Exemplary Embodiments 

[0003) The invention is defined in the appended claims. 
A system and method for mounting an electronic display 
is disclosed herein. A rear cover mounting bracket may 
contain a rear plate and a sidewall which surrounds a 
perimeter of the plate. A plurality of mounting holes may 
be placed within the plate to allow fastening the rear plate 
to a vertical surface. An electronic display assembly mod­
ule may contain a thermal plate where the attachment of 
the rear cover mounting bracket to the module creates a 
plenum which can house one or more electronic compo­
nents. In a preferred embodiment, the rear plate contains 
a pair of hooks and the module contains a pair of corre­
sponding cylinders which can be engaged with the hooks 
so that the module can hang from the hooks. 
[0004) The foregoing and other features and advan­
tages of the present invention will be apparent from the 
following more detailed description of the particular em­
bodiments, as illustrated in the accompanying drawings. 

Brief Description of the Drawings 

[0005) A better understanding ofan exemplary embod­
iment 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: 

FIGURE 1 isarearperspectiveviewofanexemplary 
electronic display assembly module showing Detail 
A. 
FIGURE 2 is a detailed rear perspective view of De-

25 Detailed Description 

[0006) The invention is described more fully hereinaf­
ter with reference to the accompanying drawings, in 
which exemplary embodiments of the invention are 

30 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 dis­
closure will be thorough and complete, and will fully con-

35 vey 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. 
[0007) The terminology used herein is for the purpose 
of describing particular embodiments only and is not in-

40 tended 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 indi­
cates otherwise. It will be further understood that the 
terms "comprises" and/or "comprising," when used in this 

45 specification, specify the presence of stated features, in­
tegers, steps, operations, elements, and/ or components, 
but do not preclude the presence or addition of one or 
more other features, integers, steps, operations, ele­
ments, components, and/or groups thereof. 

50 [0008) 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 

55 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 

2 
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shapes that result, for example, from manufacturing. 
[0009] 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. 
[0010] FIGURE 1 is a rear perspective view of an ex­
emplary electronic display assembly module 500 show­
ing Detail A. A thermal mounting sheet 81 is placed be­
hind the electronic display and contains a plurality of elec­
trical assemblies 40 which includes a power module but 
may also include video players, hard drives, microproc­
essors, printed circuit boards, and input/output electron­
ics. A narrow channel 120 is preferably defined by the 
space between the thermal sheet 81 and the rear surface 
of the electronic display. External air 100 may be forced 
through the channel 120 by fan 80, which can then extract 
heat from both the rear surface of the electronic display 
as well as the thermal mounting sheet 81. 
[0011] A gasket 90 is preferably attached to the thermal 
mounting sheet 81 and surrounds a portion of the perim­
eter of the thermal mounting sheet 81. When combined 
with the hybrid rear cover mounting bracket 550, the gas­
ket 90 and sheet 81 define a gaseously-sealed plenum 
91 which may contain the electrical assemblies 40. One 
or more fans 75/77 may cause the air within the plenum 
91 to circulate around. Preferably, a pair of dividing walls 
83/85 are used to define a loop around the plenum 91 
which passes through only one of the dividing walls (here 
83). In an exemplary embodiment, dividing wall 83 is per­
pendicular to dividing wall 85. Even more preferably, di­
viding wall 80 is arranged horizontally and contains the 
fan(s) while dividing wall 85 is connected to the end of 
dividing wall 83 but is arranged vertically and does not 
contain a fan. For exemplary airflow, it has been discov­
ered that placing the first fan 75 near the center of the 
display assembly and the second fan 77 near the perim­
eter of the display assembly, causes a pair of circulating 
gas loops 215 and 200 respectfully. Preferably, the ple­
num 91 is sealed so that external air cannot enter the 
plenum 91 (and preferably prevents air, or any other gas­
eous matter with or without particulate, from exiting the 
plenum 91). 
[0012] A plurality of input/output electrical connections 
25 are preferably placed at the top of the module 500 
and underneath a water guard 35. Also, a pair of mount­
ing pins 50 and 51 are arranged at the top of the module 
500. A trio of latches 120, 122, 125 are preferably ar­
ranged at the bottom of the module 500, although em­
bodiments can be practiced within one or two latches 
only. Also shown in this figure are the attachment brack­
ets 900 and 910 for gas springs 250 or other supporting 
resistive elements. 

[0013] FIGURE 2 is a detailed rear perspective view 
of Detail A shown in Figure 1. Here, the details of the 
mounting pin (or rod or cylinder) 51 may be observed. In 
this embodiment, this can be described as a cylinder 

5 which travels horizontally and may be divided by two lo­
cating walls 53 (closest to the perimeter of the module 
500) and 54 (closest to the center of the module 500). 
The cylinder can then be identified by the mounting por­
tion 55 (located between walls 53/54) and the interior 

10 portion 52 (starting at the wall 54 and travelling towards 
the center of the module 500). The mounting pins can be 
solid or hollow and are preferably cylindrical. 
[0014] FIGURE 3 is a front perspective view of an ex­
emplary hybrid rear cover and mounting bracket 550 

15 (herein cover/bracket 550), once fastened to a vertical 
surface and connected to service wiring 281. The cov­
er/bracket 500 preferably contains a substantially flat rear 
plate 220 with a sidewall 225 which surrounds the plate 
220. A plurality of mounting holes 275 are preferably 

20 placed near the top of the cover/bracket 500 while an­
other plurality of mounting holes 276 are placed near the 
bottom of the cover/bracket 500. ln this way, the cov­
er/bracket 500 can easily be mounted on a vertical sur­
face where the service wiring 281 can be routed through 

25 the sidewall 225 and into a junction box 280 by a desig­
nated electrician. A second service line 283 may also exit 
the junction box 280 and could run to a second display 
module, allowing several cover/brackets to be installed 
and wired together in a daisy chain fashion. Generally, 

30 this electrical work requires permits, licenses, and/or ap­
proval by an electrical inspector. With this exemplary em­
bodiment, this work can be completed and approved be­
fore the electronic display modules 500 are even shipped 
to the location. 

35 [0015] A pair of gas springs 250 or other resistive de­
vice may be attached to the rear plate 220 and corre­
spond with the attachment plates 900/910 on the elec­
tronic display module 500. A trio of latches 130, 132, and 
135 may be placed at the bottom of the cover/bracket 

40 550 and correspond to the latches 120, 122, and 125 on 
the module 500 respectively. Of course, as noted above, 
only a single latch or a pair of latches may be used in 
some embodiments. A pair of mounting hooks 300 and 
301 are preferably placed at the top of the cover/bracket 

45 550 and correspond to the mounting pins 50 and 51 re­
spectively. Preferably, the hook 300 would wrap around 
a portion of the circumference of the mounting portions 
55, where the hook 300 is stabilized laterally between 
the walls 54 and 53. 

50 [0016] FIGURE 4 is a detailed front perspective view 
of Detail B shown in Figure 3. A fitting 285 may permit 
conduit (not shown) to seal with the sidewall 225 and 
allow the service wire 281 to pass through the sidewall 
225 to meet the junction box 280. 

55 [0017] FIGURE 5 is a detailed front perspective view 
of Detail C shown in Figure 3. 

3 

[0018] FIGURE 6 is a front perspective view of the ex­
emplary method for attaching the electronic display as-
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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 

sembly module 500 to the hybrid rear cover and mounting 
bracket 550. Once the cover/bracket 550 has been 
mounted to a vertical surface (and preferably after the 
service wiring has been ran to the junction box) the mod­
ule 500 may hang from the interaction of the hooks 
300/301 with the pins 51/50. At this point the bottom of 
the module 500 can be rotated outwardly so that the gas 
springs 250 can be attached to the module 500. Once 
these are attached, the hooks 300/301 remain within the 

5 and fall within the scope of the claimed invention. It is the 
intention, therefore, to limit the invention only as indicated 
by the scope of the claims. 

pins 51/50 but the bottom of the module 500 is held away 
from the cover/bracket 550 so that the module 500 can 

10 Claims 

be electrically connected with the junction box 280. Once 
the module 500 is electrically connected, the bottom of 
the module 500 is rotated towards the cover/bracket 550 
until the latches at the bottom of the two assemblies can 15 

be engaged. 
[0019] FIGURE 7 is a front elevation view of the hybrid 
rear cover and mounting bracket 550 once assembled 
with the electronic display assembly module 500 and in-
dicating the section line A-A. 20 

[0020] FIGURE 8 is a partial section view taken along 
the section line A-A and showing the top portion of the 
assembly. When the latches at the bottom of the two 
assemblies engage, the gasket 90 is preferably com­
pressed against the rear plate 220 to define the plenum 25 

91. A front cover transparent plate 410 is preferably 
placed in front of the electronic display and a flow of ex­
ternal air 100 is shown travelling behind the electronic 
display and through the channel 120. Although any type 
of flat panel electronic display could be used, this partic- 30 

ular embodiment uses an LCD display 400 with a direct 
LED backlight 430. Thus, in this embodiment, the chan-
nel 120 is defined between the rear surface of the LED 
backlight 430 and the thermal mounting plate 81. How­
ever, alternative embodiments may utilize any type offlat 35 

panel electronic display, including but not limited to plas-
ma, OLEO, electroluminescent polymers, or similar 
where the channel 120 is defined between the rear sur­
face of these displays and the thermal plate 81. 
[0021] FIGURE 9 is a partial section view taken along 40 

the section line A-A and showing the bottom portion of 
the assembly. The fan 80 is preferably positioned to draw 
the external air 100 through the channel 120, along the 
rear portion of the backlight 430 (or electronic display), 
and exhausted out of the bottom of the assembly. Of 45 

course, the external air 100 could also be ingested at the 
bottom and exhausted out of the top. The fan 80 is pref­
erably placed within a cavity defined between the back-
light 430 and the rear plate 220 and is preferably not 
immediately adjacent to the exhaust port on the housing, 50 

although this is not required. Generally speaking, a por-
tion 201 of the housing may connect between the rear 
surface of the backlight 430 (or electronic display) and 
the rear plate 220, where the fan 80 is mounted on this 
portion 201 of the housing. 55 

[0022] Having shown and described a preferred em­
bodiment of the invention, those skilled in the art will re­
alize that many variations and modifications may be 

4 

1. A system for mounting an electronic display to aver­
tical surface comprising: 

a rear cover mounting bracket (550) having a 
rear plate (220) and sidewall (225) which sur­
rounds a perimeter of the rear plate (220); 
a plurality of mounting holes (275/276) placed 
within the rear plate (220) which allow the rear 
cover mounting bracket (550) to be fastened to 
the vertical surface and 
an electronic display module (500); character­
ized in that the electronic display module (500) 
comprises a power module (40) and a thermal 
plate (81 ), wherein the electronicdisplay assem­
bly module (500) is attached to the rear cover 
mounting bracket (550) so that it defines a 
sealed plenum (91) between the thermal plate 
(81) and the rear plate (220); and wherein the 
power module (40) is placed within the sealed 
plenum (91). 

2. The system of claim 1 wherein: 
the mounting holes (275/276) are placed outside of 
the sealed plenum (91). 

3. The system of claim 1 further comprising: 

a channel (120) defined by the space between 
the electronic display (400) of the electronic dis­
play module (500) and the thermal plate (81 ); 
and 
a fan (80) positioned to draw external air through 
the channel (120) where the external air is not 
permitted to enter the sealed plenum (91 ). 

4. The system of any preceding claim further compris­
ing: 
a fan (75/77) positioned within the sealed plenum 
(91) to force circulating air over the power supply 
(40), where the sealed plenum (91) is sealed so that 
external air cannot enter the sealed plenum (91) and 
other gaseous matter is prevented from exiting the 
sealed plenum (91). 

5. The system of any one of claims 1 to 4, further com­
prising: 
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a pair of hooks (300 and 301) attached to the 
rear plate (220); and 
a pair of mounting pins (50 and 51) attached to 
the electronic display assembly module (500) 
which fit within the hooks (300 and 301) and al- 5 

low the electronic display assembly module 
(500) to hang from the hooks (300 and 301 ). 

6. The system of claim 5 further comprising: a latch 
( 130/132/135) having a first portion attached to the 
electronic display assembly module (500) and a cor­
responding second portion attached to the rear cover 
mounting bracket (550). 

Patentanspri.iche 

1. System zum Montieren einer elektronischen Anzei­
ge an einer vertikalen Oberflache, umfassend: 

eine Ruckabdeckungsmontagehalterung (550) 
miteiner Ruckplatte (220) und einerSeitenwand 
(225), die einen Umfang der Ri.ickplatte (220) 
umgibt; 

10 

15 

20 

ferner umfassend: 
einen L0fter (75/77), der innerhalb des abgedichte­
ten Rau ms (91) positioniert ist, um zirkulierende Luft 
uber die Leistungsversorgung (40) zu zwingen, wo­
bei der abgedichtete Raum (91) abgedichtet ist, so­
dass Aur..enluft nicht in den abgedichteten Raum 
(91) eintreten kann und verhindertwird, dass andere 
gasformige Materie aus dem abgedichteten Raum 
(91) austritt. 

5. System nach einem der Anspr0che 1 bis 4, ferner 
umfassend: 

ein Paar Haken (300 und 301), die an der Ri.ick­
platte (220) angebracht sind; und 
ein Paar Montagestifte (50 und 51 ), die an dem 
elektronischen Anzeigeanordnungsmodul 
(500) angebracht sind und in die Haken (300 
und 301) passen und ermoglichen, dass das 
elektronische Anzeigeanordnungsmodul (500) 
an den Haken (300 und 301) hangen kann. 

6. System nach Anspruch 5, ferner umfassend: 
eine Verriegelu ng ( 130/132/135) mit einem an dem 

eine Vielzahl van Montagelochern (275/276), 
die innerhalb der Ruckplatte (220) platziertsind, 
die das Befestigen der Ri.ickabdeckungsmonta­
gehalterung (550) an der vertikalen Oberflache 
ermoglichen, und 

25 elektronischen Anzeigeanordnungsmodul (500) an­
gebrachten ersten Abschnitt und einem an der Ri.ick­
abdeckungsmontagehalterung (550) angebrachten 
entsprechenden zweiten Abschnitt. 

ein elektronisches Anzeigemodul (500); da- 30 

durch gekennzeichnet, dass das elektroni- Revendications 
sche Anzeigemodul (500) ein Leistungsmodul 
(40) und eine thermische Platte (81) umfasst, 1. Systemede montaged'undispositifd'affichageelec-
wobei das elektronische Anzeigeanordnungs­
modul (500) an der Ri.ickabdeckungsmontage- 35 

halterung (550) angebracht ist, sodass es zwi­
schen derthermischen Platte (81) und der R0ck­
platte (220) einen abgedichteten Raum (91) de­
finiert; und wobei das Leistungsmodul (40) in­
nerhalb des abgedichteten Rau ms (91) platziert 40 

ist. 

2. System nach Anspruch 1, wobei: 
die Montagelocher (275/276) aur..erhalb des abge-
dichteten Raums (91) platziert sind. 45 

3. System nach Anspruch 1, ferner umfassend: 

einen Kanai (120), der durch den Abstand zwi­
schen der elektronischen Anzeige (400) des 50 

elektronischen Anzeigemoduls (500) und der 
thermischen Platte (81) definiert ist; und 
einen L0fter (80), der positioniert ist, um Aur..en-
luft durch den Kanai (120) zu ziehen, wobei die 
Aur..enluft nicht in den abgedichteten Raum (91) 55 

eintreten dart. 

4. System nach einem der vorangehenden Anspri.iche, 2. 

5 

tronique sur une surface verticale comportant: 

un support de montage de couvercle arriere 
(550) ayant une plaque arriere (220) et une paroi 
laterale (225) qui entoure un perimetre de la pla­
que arriere (220) ; 
une pluralite de trous de montage (275/276) pla­
ces a l'interieur de la plaque arriere (220) qui 
permet de fixer le support de montage de cou­

vercle arriere (550) sur la surface verticale et 
un module de dispositif d'affichage electronique 
(500) ; 
caracterise en ce que le module de dispositif 
d'affichage electronique (500) comporte un mo­
duled'alimentation (40) et une plaquethermique 
(81), dans lequel le module d'assemblage de 
dispositif d'affichage electronique (500) est at­
tache au support de montage de couvercle ar­
riere (550) de telle sorte qu'il definit un plenum 
scelle (91) entre la plaque thermique (81) et la 
plaque arriere (220) ; et dans lequel le module 
d'alimentation (40) est place a l'interieur duple­
num scelle (91 ). 

Systeme selon la revendication 1, dans lequel : 
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les trous de montage (275/276) sont places a l'ex-
terieur du plenum scelle (91). 

3. Systeme selon la revendication 1, comportant par 
ailleurs: 5 

un canal (120) defini par l'espace entre le dis-
positif d'affichage electronique (400) du module 
de dispositif d'affichage electronique (500) et la 
plaque thermique (81); et 10 

un ventilateur (80) positionne pour aspirer de 
l'air exterieur au travers du canal (120) ou l'air 
exterieur n'est pas autorise a rentrer dans le pie-
num scelle (91 ). 

15 

4. Systeme selon l'une quelconque des revendications 
precedentes, comportant par ailleurs : 
un ventilateur (75/77) positionne a l'interieur du pie-
num scelle (91) pour forcer de l'air circulant au-des-
sus de l'alimentation electrique (40), le plenum scelle 20 

(91) etant scelle de telle sorte que de l'air exterieur 
ne peut pas rentrer dans le plenum scelle (91) et 
toute autre matiere gazeuse ne peut pas sortir du 
plenum scelle (91). 

25 

5. Systeme selon l'une quelconque des revendications 
1 a 4, comportant par ailleurs : 

une paire de crochets (300 et 301) attaches sur 
la plaque arriere (220) ; et 30 

une paire de goupilles de montage (50 et 51) 
attachees sur le module d'assemblage de dis-
positif d'affichage electronique (500) qui s'adap-
tent dans les crochets (300 et 301) et permettent 
de suspendre le module d'assemblage de dis- 35 

positif d'affichage electronique (500) aux cro-
chets (300 et 301 ). 

6. Systeme selon la revendication 5, comportant par 
ailleurs: 40 

un verrou (130/132/135) ayant une premiere partie 
attachee sur le module d'assemblage de dispositif 
d'affichage electronique (500) et une deuxieme par-
tie correspondante attachee sur le support demon-
tage de couvercle arriere (550). 45 

50 

55 

6 
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Abstract of CN107251671 (A} 

The exemplary embodiments herein 
provide an electronic display assembly 
having an electronic display surrounded 
by a front panel and a housing. An 
ingestion gap may be placed near a 
portion of the perimeter of the front panel 
while an exhaustion gap may be placed 
near an opposing portion of the perimeter 
of the front paneL A buffer zone may be 
defined between the ingestion gap and 
the exhaustion gap. A fan may be 
positioned to draw open loop fluid into the 
ingestion gap, through a channel behind 
the electronic display, and out of the 
exhaustion gap. This fan may also draw 
open loop fluid through an optional heat 
exchanger. A circulating fan may force 
circulating air througl1 an optional heat 
exchanger. 
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1. -,fqi~ ~B~i!Hlt ,~Jt: 
~~B~tt; 
mmm~~~B~ttITT~~®$®~; 
ffi~M~$ffi~m~ITT*~®~H$*~~ITTfflrttAH~m~ITTttA00~; 
m~m~$®~m~ITT*~®~H$*~~ITT*~OO~; 
{i!r J:iJr~~ ~B~ttzFoITT:imm:; 
fflr~H~m~MttAOO~fim~M~:imm:ITTffi-~~~~; 
fflr~H~m~MM~:imm:fim~M~*~OO~ITTffi=~~~~; 
f PZ~ 1:tr})dm 51 @J:ifr~H ~ m 1*ilit i}J ITT )XlJJJ5j ; 

~rm~ttAOO~~*~*~OO~zOOITT~~~:~& 
1:trrJ:iJr~t1l1~~ q:i ITT q:i ~~Hlo 
2 .1tHfis;f;J.%Ll~* lJ:ifr~ITT ~ ~ B~i!l 1lt, A q:im-:t!5-filtt: 
ffi-11JW:imm:, fN~H~1:tr3t~JvZJ:ifr~ffi-~f*li1%1~ITT ~&-$*; ~& 
ffi=ru:imm:,~~Hk~3t~JvZM~ffi=~~~~ITT~&-$*o 

1/2 91 

3. t~ffl;f;J.%Ll~*2Plr~ITT ~ ~ B~i!l 1lt, A q:im-:t!5-filtrS: :imm:~Hl, 1:trr p]r~ffi-{IJ!U 
:imm: * 0 

4. t~ffl;f;J.5tLl~*3Jilr~ITT ~ ~B~i!l 1lt, A q:i, J:iJrJi:imm:~Hl~ .Jm_tJn JtJ:ifrJiHt:;r-¥lit~ 
ITT ~ H flit i}J o 

5. t~ffl;f;J.lLl~*lJ:iJr~ITT ~ ~B~i!l{lt, A9=1, J:iJr~ti:AfaJ ~&J:iJr~;J:=lp~faJ~ffiJPJ JiJrJi 
~ ~B~:HITT -=E:i}J:X~~~ o 

6. -,fqi~ ~B~i!l 1lt ,filtt: 
~~B~tt; 
ffl r J:ifr~ ~ ~ B~ :HITT ~1*: 
ttAOO~,frMJi~~L~~~~ffiJPJM~~~B~:HITT±~~~~; 
;J:=lp~faJ~, fr?Jr~~1*LfNk 1:tr~OOJPJ J:ifr~~ ~B~:HITT ±iJJx~~~; 
:imm:, 1vr JiJr~~ ~B~ttzFo; 
m-ru:imm:,~~H~~3tftWM~ttAOO~~m~:imm:zOOITT~~~;®; 
ffi= {IJ!U:®il1!, ~~H~1:tr3t ft iq:p}r~;®il[~pfr~;j:=lp~faJ~zraJ ITT~ 1*~;®; 
Jxl. m , fPZ ~ 1:trM rm 5 I @H :Ff lftt ~¥lit i}JmAJ:ifr~ i'i: A fa]~ , ~ ttJ:iJr~ ffi-{IJ!U ;®il[ , ~ ttJ:iJr 

~:imm:, ~ ttJ:iJr~ffi= ju:imm:, 3ttiP t±:1 JiJr~tiP"=C faJ ~; 
1:trr J:ifr~i'i:AfaJ~ ~J:iJr~;J:=lp~faJlt1RzfaJl't{]tl11~~; ~& 
~r~M~~~~ffl~ITT~H~~ITT9=1~~-o 
7. t~tfis;f;J.%Ll~*6Pfr~ITT ~ ~ B~i!l 1lt, A q:im-:t!5-filtrS: :imm:~Hl, 1:trr pfr~ffi-{IJ!U 

;®il[q:i 0 

8 . t~ ffl ;f;J.tLl ~ *6 Jilr~ ITT ~ ~ B~ i!l·flt , A q:i m-:t!5-fil tt : 
~~~:H,A~fflrH~m~ITTffi-~~~&fflrffi~~~ITTffi=~~;~& 
1,I :1::;r, Jxl. m , fN~ 1:tr ~ m 1f 1,I ~ ~ ~ ~ ttJ:ifr~~ ~ ~:ff o 
9. t~ffl;f;J.%Ll~*6Jilr~ITT ~ ~B~i!l 1lt, A q:i, J:ifr~:®il1!fPZLED1=J':3/t~tRZl'aJ l't{]~faJJilr 

~~}Eo 
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10 . tlH!is tJUf:Ll ~ *6 JifrJ£ ITT ~ -=f B 1F £ll 1tt- , ~ q=i , 

mJ£aA~~filrmJ£ffl#ITTffi-~H~WL,WmJ£*~~~filrmJ£ffl#ITTffl~ 
ITT~H~$Lo 

11. t~ffli-JUf:U~*6JifrJ£ITT ~ -=f B1F£Jl,ft:t-, ~ q=i;ltt-:tf5-filtt: 

n H~ , 1\f r Jifrj£ ~ -=f B :JF ~ z.J§ , ffl r MJifrj£ffi-1!JJtlim:11H:£4)[ :tf :£f-m 1*, #~% ~ 5 I ~ IPJ 
~rmJ£~-=fB1F~zmITTmJ£W~o 

12. -,fip~ -=f B1F£ll 1t:t-, 'E!tt: 

~-=fBlF~: 
~*Lm~mJ£~-=fB:JF~ITT~~~lWOO~: 
ttAfaJp~, 1ftrJifrj£~ -=f BlF~ITT~H q=i 'L'ITT L--Ji, #1ftrJifrJ£1Wffi~*OJifrj£~~z 

fa]; 

fa]: 
}jp~fa] [5t, ,fftr Jifrj£~ -=f BlF~ITT ~H q=i 'L'ITT r--Ji, #1ftr JifrJ£iwffitft;:fOJifrJ£~1*z 

~~~~,A~fflr:tf:£f-m~ITTffi-~~~fflr~:£f-~~ITTffi=~~; 
~:£f-~m,~~fil~ill~mJ£~:£f-~~~ttmJ£~~~~; 
q=i ~p~ !J, ,fftr JifrJ£aAfaJ~l=jJifrj£}jp~fa] [5tzfa], ii3:ilf:Jifrj£~ -=f B:JF~ITT ~H q=i 

~m, fR~ 1\f MW 5 I tEg:tf :£f,ffit 1*tfrtZ0:ittAJifrJ£aAfaJ ~ , ~ tlJifrj£~~~~, # ~ :tf Jifr 
j£}jp ~ fa] lsJ1t ; 

m-ruw~,~~Hkfil#ft~mJ£aA~~l=.imJ£~~~~z~ITT~~~w: 
ffi = 11Jltlim~, fR ~ H~ fir# ft ilf Jifr:t£ ~~~~l=J Jifr:t£tiP~ faJ ~ zfaJ ITT~ ~~W: 
~rmJ£m-ruw~9=1ITTffi-ruw~~•=~& 
~rmJ£ffi=ruW~9=1ITTffi=ruw~~-o 
13. f~ffli-JZ.lU~*l2JifrJ£ITT ~ -=f B:JF£ll 1t:t-, ~q=i, Jifrj£ffi-1!JJtlim~~!J;:fOJifrJ£ffi= 11Jltlim 

~~-~~Lrn~:tf:£f-m~ITT~HmtZ0o 
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[ooon ;t§~ $ ill't,J x.R 51 ffl 
[0002J ::$:$ il~*2O1s42J=I 17 E3 =r~x.a<J~IE $ il~l4/624, 268B<J1Jt:¥c;t2, A~i'ffl 179 ?{J. 

:imtt 51 ffl# A::$:Xo 

ti#{:m:1§! 
[0003] ::zjs:Jta}j ITT~mfivLl-~l& &fflrEt! rB;,r-~ITTiz?&l0}t!P*~ 0 

.::ll::...52..-f:± -,I,>­
~ ffl. 1.X. /I'-

[0004] Et! -=f Bjf-~~S1 fflr~Jrl~:ljViX:AftBf.iutffillfu&l=iJi'f~t1r,§] ITT IX~, ~::trl=iJi'f~~~A 
fmm~ (:fz□ :;lcpB i'f~ift ~) -@,JJlB;,r-~ 179 l'(,Jjlfuftfrr,§'i O P~rm, B;,r-~ITT ~®$5t pJi'f~xi~ {~!p, 

~ 79{)[ ¾ fiij -'¥l±m*f l~ m~ ~f±A:¥0 B ;,r-~ITT~® i'fl37J"- PT i'f~ ~*t 1:k~ lo f§ ~ tt 5 I AB;,r-~ 
ITT~@$ 5t , ~ PT i'f~-@, i!ltt 1t! ITT t&~:$ o 

~llf.llAJ~ 
[0005] ;,r-1JH1:~JJ!fi vLl!=iJ ~ filtrSB;,r-£ll 1tt:lo § iLBjf-~!fr3'c O B;,r-£ll 1tt=PT ~ iz?&fr § iLB 
;,r-3'c~P9oBjf-ffl#PT~filfflffi~~OO~ITTmllli~~ITTttA~~~&ffi~~OO~ITTmllliITT 
;t§x1$7J"-~ {v ITT =r-=Jp~ fa]~ 0 pJ ~ fi!ll'i - )x\, mill 1~:ff l~ jfrt 1*~~ EE Et! T B;,r-~ z.J§ a<J imi1tlttA 
iiAfaJ f;~ff=r-=Jptl:\=r-=Jp~l'aJ ~ o 
[ 0006] pJ ~ 1~ ffl ffl IP] ITT Jx\. m ~ jYff JJO ITT Jx\. m * 5Edj5Ll :ff l~ jfrt flf :®li 1:f ~ ITT m x.~~ 0 ill pJ ~ 
~ffl~*ITTffi~Jxl.m*~ffi~ffi~ffi~:imttmx.~~o 
[ 0007] l=iJ ~fr¥± A raJ ~ lO =r-=Jp~ raJ ~ zJa] jjJljfj~ ifP IX , 3f H {1t ~±if! fil 1zr - '7' ~ $ 'i"-~ ~l , 
A~*L~~~~~-gttA~3'c~*ITT:ff~ffi~ITT~~ffiMo~fflim~*~~l'ifrB;,r­
£ll {tt= ITT~~* 'L' jYff irr (~ tg ~ ¾1Hm ITT) o 

1311~iRllf.l 
[ 0008] p~ T L ~ ~ fil z Jr , :® Ji ~ r x1 jYff 00 l0 jf- ,f}Ll ·ti.~ JJtfi vLl ITT Mi~ , * R l3}j ITT AB 7J 00 
~~¾B rm~ Jft!,l'r,J, A* R~~$'7'l~OO ITT ;t§IP] jYff 00 ,t;r,ic:zz;,r-:t§IPJ ~~IP] ITT~ZiL # HA* : 
[0009] 001 ¾?{J. ~fr§ iL!!r3'E * ITT Et! r B;,r-£ll ftt=ITT ;,r-,f}Ll'ti.~ JJtfi vLl ITT ~u ~f,%00, #:zz;,r- ti:\ 
tflJ00~A-Al0£flf=µ Ao 
[0010] 00 2¾00 l}ifr;,r-~mfifJLlITT iEt,%00, #:zz;,r-fB371N 0 

[ o o 11 J oo 3 £ oo 2 Jifr ;,r- ITT tB3 71 N ITT vMB3 iE t,% oo o 
[0012] 004¾001 ITT ;,r-fJLl·ti.~mfiiJLlITT J§j~H,%00, #:zz;,r-tflJOO ~B-B;f0fB371C 0 

[ o o 13 J oo s £ oo 1 Jifr ;,r- ITT rB3 71 A ITT ~ ~ *,% oo , ~ oo tft tffi: m r 0 

[0014] 006¾00 lJifr;,r-l'r,J ;,r-{JLl'ti.~mfiVLlITT Fo~t,%00, A* J§OOtft B tBVf$j)~, #:zz;,r-fB371D:f0 
fB371Eo 
[oo 15J oo 1 ¾tff oo 1 ITT &IJOO ~A-At\t~ITT rm i'm~t,% &tif,%00 , #:zz;,r-fffi71F o 
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[ oo 16 J 00 8 ¾ 00 7 Jifr 1F 1¥J tffiTJF ITT J]Hf!Pf 00 &U l~ 00 o 
[0017] 009¾lJ0041¥J &UOO~B-B~I{Xl¥J J1£ffl3j]ff~ &Ul~OO, **JFtffiTJKo 
[ oo 18 J oo 10¾ oo 9 Jifi 7F i¥J tm TJK a<J fl£ w f oo &H~ oo , * *?F tm TJL 
[ oo 19] 00 11 ¾ 00 1 Jifr?F l¥J ?F iJU tt~ ilm iJU l¥J wJf~ f 00 00 , * *lF &U 00 ~F-F , G-G ;trrn-H o 
[0020] 0012A¾¥ff00111¥] &UOO~F-F~IfXl¥JJm$f 00tfUf~00, **?FtffiTJOiOtffiTJP 0 

[0021] 0012B¾¥ff0011 ITT &UOO~G-G~IfXl¥JJ9I$f 00 &Uf~OO, **?FtffiTJQo 
[0022] 0012C¾¥ff0011 a<J &UOO~H-H~IfXl¥JJm$f 00tfUf~00, **?FtffiTJRo 
[0023] 0013A¾OO 12Aq:r 1¥JtffiTJOITT{JfH~OO Wtffi&Uf~OO o 
[0024] 0013B¾0012Bq:r B<JtffiTJQITT'DTH~OO i:'Mffi&Uf~OO o 
[0025] 0013C¾OO 12cq:r 1¥JtffiTJRITT {JfH~OO i:'Mffi&Uf~OO o 
[0026] 0014¾0012A9=l B<JtffiTJPITT1JiH~ Wtffi&H~OO o 
[ 0021J oo 1 s ¾ oo 6 Jifi 7F i¥J tm TJD i¥J J§ mJ~ oo , A q:r i¥J § iL 1m: 7F 5r 3'c *Ertl}~ o 
[0028] 0016¾1§ OOtJzITT 00 4Jifr1FtffiT1CITT wJ:i1H~OO, ~ JWl ~ W1tt~~ ~ lm:1F o 
[0029] 0017 ¾00 lOJifr?FITTtffiTJLITT fl£$f OO&Uf~00 0 

[0030J 0018¾006Jifr?FITTtffiTJEITTJ§:i1H~OO, A9==' l¥J $it§ iLlm:?F5r3'c*~!n:Pi o 
[0031] 0019A¾OO 11¥JiJHttl¥J J§:i1H~OO, A9==' l¥J § iLlm:1F5r3'c*~=f'}}~, **?FiffiTJSo 
[0032] 0019B¾0011¥JfJHtt1¥Jwr:i1H~oo, § \,, 1rt:1F5r3'ciowrooi-1z*~m~ '**1FtffiT1Io 
[0033] 0020¾0019AJifr7FITTtffiTJSITT J§~f~tffiTJf~OO o 
[0034] 0021¾0019BJifr7FITT tffiTJTITT wJ:i1H~tffiTJf~00 0 

[0035] 0022¾¥ff 0041¥J &UOO~B-B~IfXITT J1£$~l~ &Uf~OO 0 

[0036] 0023¾0011¥Jfli 1ttl¥J wJ~f~OO, fx.?F tl:l J§OOi-Jz, § iLlm:1F3'citiOlm:1Fili 1ttl¥J ~ Jilr~ 
ABJWl~W1tt~ ~1¥JJ&t*'fm5J\. o 
[0031J 0024¾0011¥] iii 1ttl¥JfJrH~ 00, fx.lm:?FJ§00tftl2J,2zlm:?Fili 1ttl¥J ~ Jilr~ A1iliJWJ ~ Wftt 
~~ITT l&1*ffl57J\., #*?FiffiTJMo 
[0038] 0025¾0023Jifr?FITTiffiTJMITTwJ~f~00 0 

[0039] 00 26A¾~ HJl¥J wJ~f~OO, fx.?F tl:l T § iLlm:?F~3'citiOlm:1Fili 1ttl¥J ~ Jifr~AB JWl 
~W1tt~ ~l¥JJ&1*$5to 
[0040] 00 26B¾~ HJl¥J ~~wr~f~ 00, 1±}1_Xfx.?F tl:l T § iLlm:?F3'c1*iOlm:?Fili 1ttl¥J ~ Jifr~ 
ABJWl~W1tt~ ~1¥JJ&t*'fm5J\. o 

~~~Aflijj"~ 

[0041] ftr xq:r ~itJ:~rff 00£~00 :1:ihta'i3£:::$:1,t 13,}j, ft~ff 00 q:r ?F tl:l T :::$:1,t 13,}j l¥J ?FiJH~~ilm 
iJU o ?t ITO , :::$: 1,t a}j ~ 12), 12), i,q: $ ~ fPJ ITT% A~ ilm , 3f ii~ 9 *~fo~;tl 79 P~ r :::$: X llJ 3£1¥] ?F iJU 't~ ~ 
ilm fJU O ITO ¾:f'~{;ft ~ ® ~ JJffi iJU ' 1t 1~ * 0 3f ~i ¾@J fl£ ;to% m l¥J , * ii ~i IP] :::$:®l ~ vt::it }\. ff! JE 7]\. 

:1:ihf'½tis::::$: 1,t 13,}j l¥J m ~ 0 ft pff 00 q:r , 79 Ti~~ /EQ% , ~ ;to IX~ l¥J R ~ ;to if"§ xt R ~~Fi~ *i ~A 0 

[ 0 04 2] * X 1~ ffl 1¥] * il3-1x. ffl rm 3£ ~IE~ }Jffi 1Jtl 1¥] § 1¥] ' ITO~ ~ ft p~ t1J * 1,t 13,}j O ~□ * X Ji]r 
1~ffll¥J, -'¥l~%A "a", "an" ;to "the" ill§' ftfil:tt:1U&%A, Pi~F_t rX~~a}j wflt~?F o~int: 
~:t15-J_tfo~, ':13ft:::$:w 13,}j ~ q:r 1~mst, ::itil3- "fil:tt" 101~ "fil:tt" :f'~ JEJifiJ£~1iE, ~1*, W #J, ~ 
ft ,5I:1LtiO/~$fLtl¥Jf¥ft ,fB~;jip~f¥ft~~;J□~'l'~$'l'AB~1iE .~~, :tl5-#f ,~1t, 5L 
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1tt=, £Ji 1tt=f□/~;lt£liir 0 

[0043] :2fs:X~~,~{t73:2fs:'JxJYj ITTlJ.J~{t~JJ'ffivLl (f□ q:rfaJ£r1f;MJ) ITT~~OOITTi£JYj *Mi~:;$:',& 
JYj ITT* JJm vLl O ~!ft, 1t 73VU ~□ tLlmtt*f□/~ 0 '&ITT [?fl~ £5 * EJ{j *~~{ti¾ pJ tm1Ji ITT O ~ !ft ' 
:;,ts: 'ix JYj ITT* ilm vLl :;r-S tiftt. ff 73 ~it r :;,ts: ;i_Jifr~ ITT IX b.Ij ITT~ JE % ~ , rm¾ fil trS vLl ~□ EB tLl@ -B' 3& 
ITT %~1ffiil '& o 
[0044J ~~F yj~JEx., :2fs:X1ifflITT Jifr~*i:g- (filt!tt*f□ 5¥4~*i:g-) A~ ~:;,fs:'JxJYj Jifr ~~J! 
~ITT~~tt*A~~ffi~ftt.ITTffl~ITT~x.o~~*-~~ftt.,~~ffiffl~Aq:rJEx.ITT*~ 
S~ftt.ff73:Jl~~Aftffl*ffi~ITT~~rITT~x.-3&ITT~x.,#H:;r-~Ll~m1t~tt~~ 
5:\: ITT 1f 5:\':ftt.ff , ~ ~ F JYj i5Jfl ~□ 11t JE x. o 
[0045] 001 ¾~ r B1F£Ji,f45 (Ll r -t:Bft73 "£Ji 1tt=") ITT~VLl't~* ilmvLl O ~ T B~£li 1tt=5filt! 
PTLlql~£li 1tt=5ITT :k$5twJ*OOEJ{JwJ00i-JzlO. wJOOi:&lOPTLl¾~JYj ITT# H 1irr~ r B~-ff 
7 o ITT 1W 00 , ~ r B ~ ~ 7 01Jt ~±th [1lj'I JE ft 1W 00 i-Jz 10 ITT J§ 00 o ft~ vLl ·t~~ ilm iJLl q:r , 1W 00 i-Jz 1 o ¾ io!k 
mM o R'umfil55PT~~wJ00i-JzlOo 
[0046J 13 iLB~ff3'cW15PT Ll ~~£Ji 1tt=5# H PT Llti!11lcl'i73 ft i"F~~£li 1tt=5~tt~.¥Ll:1:il!OO oft 
~vLl·t~~ilm1JLlq:r, 13 iLB~3'c1*15PTLl¾1?Fic.%~oftyjYrITTAB~ilmiJLlq:r, 13 \'r B~;tw 
15 ITT R ~ f□ i-i;J m pJ Ll 1Bt!i~:J5¼ iU ,e, ~ ~ ~ ~ q:r 0 

[0047J 13 iLB1F3'c1*15PTLl filt!tt20, _t~25f□~$30o ft~vLl·t~~JJmiJLlq:r, ~$30PT Ll 
fil trS~□ ~%IL~ ft it~□ mitt~~ [11j'! {tt= 3f tt ITT~ 1*fL35, j). rm~~~$ 30 [1lj'I JE ft±fil 00 _t O Jifr7F 
ITT JL3 5 ITT zJ&~ f□{v Ji 1X 1X¾-~1JLl r Ott 20 ITT Ji£$ pJ Ll tJ10:J.J'ij). rm~~ 13 iL ill:~ ff [1lj'I JE ft:l:il! 
00 _t O ft-llli ~ JJm vLl q:r , ~ pJ Ll ~tt ~~ tt20 ITT Jifr~/i£ $ $ 7)\. n 11¥ ft¥~ 1~± q:r **ffftl, 0 13 iL ill: 
~ 3'c 1* 15 fO ffl * $ 1tt= PT Ll EB ii~□ :;r-tJHf74 ~ i§ ~,&~:Ml IVG o 
[oo4sJ _t:3/t;}R25~PT Ll filt!qi~_t:3/t;}R25ITT-f!JW ITT :ki'ffl?J\.ITT =W. B~~4o oft~iJH~* 
ilmvLl q:r 'i~=W.B7F~40¾~~ ill:~~ (LCD) 0 ftA1ili~ilmvLl q:r, =W.B~~40PT Ll ¾JI-~ 
B~~,;ttfilM~~~:3/tITTfflfYj~J'i~fflr~M~~~*ITTll-~B~ffITT~~o 
[0049] -x1iffi*:Ml1450PT LlfJ..ti20ITTJff!i'fflfil1$ oiffi*:Ml·{450PTLlti!11lcJ'i73*-~~~ 13 iL 
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~ .JL7 5*Bli± Ao 3f lT-mt 1*400 ITT A TI$ 5t PI Ll ffr3g li. t!Jitl iift:i]t 18 to :ti 11Jitl iift:i]t 191'f :itt , :# *Bl f$1t 
3f lT-ilrEW400ao tE~1i~rlt!Jitliift:i]t18iO 19ffmzJ§, :rf Ef-mt 1*400a PT LltEJifr~im:i]tITTJJn$ 
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ff :itt# Hf:2. EB :itt~ fL 7 si~1i:A o ~1l;J±th, 3f pf JJft 1;t4oo PT l2J, t:2. EB faJ ~ 45}1:A, ff :itt ~ ttlrrIOO 
tlzl o~ ITT fl JJ05la1tt:fL125, #f:2. EB m:Ef. fL6si~1i:Ao 
[0079] 0019A/J' tB T 001 ITT fli 1tt:B<J Fo:i2H~OO , 1=j § iL1ffi:1F :H 15!Wi ~ **/J'fffi-=µS o 
[0080] 0019B/J' tB T 001 ITT fli 1tt:ITT lrrI:i2H~OO, 1=j § iL1rl!:1F:H 15!Wi ~ **/J'fffi-=µ'L 
[0081] 0020/J'tBTtEt111J!UD:i1!199=1 ffm:B<J 3f l::f JJft1-t400ITT $7}·i~tf!Z~3f pf JJft~400a o 3f 
l::f JJft1-t400a PTb:J, ttk=f 11J!UD:i1!19179 ff:itt, ~ttk=f 11J!U 179 $D:11!22a<JJN$#m:Am:~fL 75 o 
[0082] 00 21~11;]r00201s ¾J).iwl~001F tB , 1F tB T ttft 11J!UD:11! 18 9=11rm:ITT 3f l::f-}Jft~400 
ITT $7}·i&1$~3f :r::f-Jrrt ~400a o 3f :r::fJJft1-t400a PT l2J, tE E: 11J!UD:i1!181791r:itt, ~ttft 11J!U 179 $D:11! 
21 ITTT9I$#m:Am:~fL65 o 
[0083] 00 22¾i'B-004B<J S:LlOO ~B-B~*ITT ~$:ilH~~OO 00 o ~ £L3fpf }Jft 1-t400a/ 400bf:2. EB 
~ ;fip *~ fL 7 5 5¥0 6 si~ ¥± A , A *~fli~ , Pt!§ tE 3f D })ft ~400 ITT 1T :itt ~ tt ~ j( ~:H 100 a<J 3f J:::f 
'7. ~lr%1£ ITT*~ $71"-1=j 3f J:::f })ft 1-t400 ITT 5 I ~ ~ ttD:11! 102 ITT*= $71"-z.Ja] * ff 71"- We 0 
[0084 J ~'1' ~ $ '1'11l::fJxl,~32 ffl rm 1iJI l::f ~ 1-t1oo~tt ~ -r-$1tt= # ~ tt~ j(~ :H 1 oo 
ITT It! :r::f ~ 1-t D :11! l2J, Ez. ~ -r- 1a!: /J' ff, 7 o 1=j 1W 00 t& 1 oz l'aJ , l2J, 7f; nx 1:fl pf o tE ~ ~ iflli Wu q::i , 11 J:::f ~ ~ 
700~ttD1rm~2009=1 ITT 3f D , IPJSt3fJ:::f}Jrt~400[E ~D 1rm~1rm: '~*_ttijfj1~3fl::f}Jft~ 
4005¥011 :r::f ~ 1-t7 00 7G Jig. 0 ~ rm 'J3: ;fip i&tit pJ 12), *~ Jll] 1itl , A* 11J:::f~~700 [E ~D 1T m ~ 200 
ffm:, rmYr$~~4oo~ttD1rm~2000 
[0085] /J'tB T 3f:r::f-Jrrt~400ITT}Jfti)JITT~$fHJttft11J!U 179 $D:i1!21#~ttD 1rm~200, l2J, 

~m:AtE ~ -r-1a!:/J':H70 !§00 Ci3:lt!. tE~7'cWU06 !§00) fil1$ ITT D:11!102 o D:11!1021:Jt~±thi~k 
x.~ ~ -r-1a!:/J':H70ITT Fo* 00 CrltFo tE~7'c~l 06zf§) l::_jtfz 104zfaJ ITT~ faJ o fJI!.tJHm, iit:lzt~ 
~ ~# H fit:lzt:1:-tl! 3tt ~t ITT i~ ~ :H JJ:l I tE D :11! 179 , 12J, ~ r ~i ~ J). ~ -r-1a!: /J' :H 1 o 11'½ ~ JU 3tt~ i~ 
~:H, DttJ::.j 3f J:::fJJft 1-t400ITT x1mt:rnH& ~ri o 
[0086] ~x~:H100fit:izt±thfil13$'1'~, AP~5Efil131ll::fE(_ f2!s:700~3fl::f m[ ~400ITTD:i1!o 
iit:lzt:1:-tl!' 1lpfE(. ~7007G ft iq:J::_j 3f pf}Jrt 1-t400}i~ 0 
[0087] 3f:r::fmt:1-t400ITT}JftM1r:itt~ttD:i1!102' * H-f±l)x~ttD1rm~2oom:AftllJ!U 179 $ 
D:11!22, ~t:ti~ 51 ~tB fa] [f~45ITT$5t (12),Ez. PT:i&ITTFol'aJ~44) , A Bt:2.i&nr5Efflr~l:tB~ ~ 
400otE~~iflliWU9=1, flPF~~7ooi~1FtB~ ~3f~j(~ff,100#~ttD1rm~2009=1ITT3f o, 
Pt Fo ~ tt ~ ~ 1a!: /J' ff, 7 OJ::.j 1W 00 i-Jz 10 z faJ o 
[0088] tEfit~~iflliWU q::i, ~j(~:HlOOPT 12),~j(JZ..}Jfti}J~j(~:H o Ptrm, iq:g;~~ITT ~j( 
~:H¾B ~OITT, * H pJb:), J::_j*Jz.:ITT1I:1PJ~iflliWu~tEQffffl O ~x~:HlOOPTb:J, ¾xJZ..}Jfti}J 'f 
1T })ft M ~~ })ft A~ j( ~:HO ft/J' 1Ju ·t1:~ iflli Wu * ' ~ j( ~ ff, 100 pJ EB $ '1' ~ ,I: ITT fit&fli IVG O t& 
PTb:J,Jl~~~~L ~~~~tg~ITT-i&tit, ;tt q::i $~"'im:i1!/]E%1£/'§f:i1!1B-3i1Jz[P] tf:Jl:1f [P]fil1$ o 
t&PTb:J,*,i:,~~~~ITT1f[P]l::_j~'1'ffi~ITTtfzj(~,~~~'1't&ITT~~~*_t¥~rffl~ 
t&ITT~~o~rlt,*$~~~ffipf~~PTb:J,&~tt;ttD:11!~~~#fffr~~~~ffm:ITT 
t&m:A/J'~ttITT~j(~:HoEBrtfz¾j(~ITT,ffiPF'4.~~3fPFmE~PTb:J,tE~rltffl~ITTt&ff *, * H PT b:J,tEM1ir~ 1-tzraJ1tiffi~ ~ rm7G1~~~ 1**~ c~□*~j(~:H*1tJt:71"'**t ,i3:¾ 
1Jt :izt ITT) o 
[ 0089 J tE ffl r ~ x ~:HITT ~ 1~ '& it q::i , 3f JJ!z D :11! PT l2J, -Ji!zI tE ~ x1 ~ ~ ~, ~ ~ ~~ tg ~ 
t&zOOo3f~D:11!PTb:J,~3i¥~rffl~t&ITTD~ITT7f[P]ffm:oPTb:J,DtttE¥~rffl~t&9=1 
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l'fJ jj14?r fi': l'fJ 1J IPJ _t frtR l'fJ W3 //' ffl ;<,_j-:iJlgtz.Ja] :iE ff W3~f314 !lx w <* JJU ~ ~F 1t fi1i ~w (VHB) ) * 
£1J ~ it 3f itl:i!!D]t o !El !lt , iff ~ - 1J IPJ :ittA~ :1:J~ ~ l'fJ '7. ~ PT ij, ~ tt:tf JJ!x:3ffi m: ( f ff r~w !lx 
w) 0 ntA~=1JIPJ (~::zjs:_t~]'[ r~-Jj[P]) B<J'7.~~%~ttt§4~i-REfl ]E%1i:) 0 
[0090J Afte.~~ a<J i-lwtAm:St ~~ PT ij, fil1i $ //'~ , Afil~~ - '7. t,t# ~ I'[ r~ ='7. t,t 
l'fJ]E%fi:1Tnto 3~='7.1*i1iitt~~~-'7. ,f;,tl'fJ~m:st, W311P4.1*zfaJ a<Jm~fBz:St~o BPt, 
~1=E~$~~1'fJffiwtA~:St~~,#HffW~~PT~::zjs:~l'fJ*JJfuvLl-@~fflo 
[0091] JFvLltl:l'fJm:St~~pJ!j,A.ffi-R 'A9='11JW~A~t§xtf~Ef]~p_§_ 'if11ifm~ P}lj,1¥~ 
±m tE Wi 1ir '7. ,t,tz faJ :St~ o PT lj, ft m it$ fi 14 * tu mm :St~~ o JiJr 1i m l'fJ ;t;t 14 ~Pf~ rmt ~ t:ll, 
m~t:ll, ~~ti£H 1fr-~ 0 ~ ~ Jffi ffi ffl rm :St~~, !El 73 B ff] Ef] r,§] ~ ~ tE# H pJ lj, ~ ~ ® ~ Jjfu 

vLl-@1i ffl O Pt rm , E fi:.czJfli',~14 tO ~~ f3f4 tB pJ lj, ii if:~~ BJF ~ Ef] ~ ~ 14 0 7F vH1:~ Jjfu 

vLl~~ffl-~$~~~@fflr~:St~~l'fJi-Rl'fJM~oB~.cz~,M~-~$PT~~@*~ 
~ :;r- si l'fJ m ~ ,t,t, fat§ xtr /J'- l'fJ 11J!u~~ It l'fJ .:k ~* oo 1R~ ~ It ,e, 1* l'fJ ~ p_§_ t11~ o !El !lt , 71' vLl 
·t1: Ef] ~:St~~~% 83 ~14 tLl AA , }A rm~ F '± ff rm ti£ Ef] B 71' rn. 14 0 A t,t±m, t&: ~~14 pJ lj, ffl T '& 
'1'" t& m , A q:i Bf f] ij, :St~ l'fJ 1J A :I:~ 1i: tE-@ C ep , '&//' ffl 4~ l'fJ i-RA ~ fff ~ I'[ r R'u ~ fR l'fJ 1J IPJ 
1T * Ef] Jffi :i1[) 0 
[0092] fr7FVU't1:*JJfuVU 9=', ~ ~ BJF~70P}lj,~]'[f:£LED~jc,¢.i:~Ef]LCD, A q:iLED~ft~% 
fil~id~fr~~~fR (fjt~73~~~PCB) _tl'fJ $//'LEDo LED~ft~Efl J§*001Jt~±filfil~ ~ 
mt& , it~ m ;t,,& PT lj, 1=J 3ffim: 102 ~ 3ffi# ~ 3!:3ffi o 
[0093J 1iEf'7.1*7ooto:tf l:fiJii 1*400PT!j, ~f:f:iPJ~~l'fJ 4.t§;tm !ln o tE-®~JJfuVU q:i, ~'7. 
PT ij, ffl it JiJT ff l'fJ '7.1* o 1ft ~±m , 83 r 1i :!::f 4. f* 7 oo 1=E ~ ~ B 7F ~ 7 o l'fJ 1W 00 if :itt , JiJr ij, ~::zjs: _t 
PT lj, ~ ifell'fJ ~B:;r-¾~ofoJ oo f*xtxJJ~wl'fJ 5'r xJJ 01!f :1::f4.f*1ooiEEZfft~~*_t:;r-~1'5~tm 
to/!lx~:tfI <vu~□*~, i'5~, :rt~, 11(~4., '.fffl~~) , lj, pJJ ll:xtoo 1*/ln~l'fJ :;r-:fUfJ.ofoJto/!lxxt 
ltJ $~ ~5Lf41'fJ1Jntf o -nx*m, JFVH1:~JJfuvLl~%:fLlffll:f:l:~~'7.1t733f:!::ffJii~4ooo 
[0094] 14'1P~~JtpJ!j,J!:~i:iE1f o?trm, ~□ ~'Mi~, ili!&~i!J!tl~JiPT lj,Jf A~ ~BJF~ltJ ij, 
:r&1!J!tl1PJ S11ffii&~iU ffi IE l'fJ I~ flL fr~1ir 'tt {)Lr , 3 B 7F ~ q=i l'fJ ili!&itiU ffi IE mst , PT ij, ~ 1* 
tt±thm~~#~~~~oPT!j,~ffffik~lli,JfHPT!j,~~~reli73~~±fil~BJF~~~ 
ttPTm~l'fJ1ffii&ffi~ltJoA~Eflffi1ffii~fil#PTfflr~AA!ltff~om~OOPTffl~1ffii&~ru~ 
J'[o 

[0095] 0023~0025JF tB T q=i !k:!WiHJ140, A1ft~±fil~::zjs:_t1J( f JE 1:fr# Hf=E~_§_ ftt=sl'fJ ~]'[ q:i 
'L'f&Jft:ili, fB ~*JJfuVIJfil PT lj, ~%B ffJJJ!x:Ji fr~_§_ ftf:5Ef] J]Hfl3!lxfE£i'ffipft:ili, :i21 ~ .:kit_ttff3i€00 
tlz60EfllW* OOl'fJ q:i ~}!!; 1$1'fJ ~]'[ q:i 'L'~ o:tr3ffim!WiHJ130~::zjs:_tj{:f3g § iLBJF~~15EfJ:tr 
11J!tl itJ:iJlgtl'fJ q:i ~}!!;1$, ff11ifA.:ki!x:1=J q:i !k:r~HJ140x11f o~fiv,±m, 1c3ffim!WiHJ130PT ij, u1u JEfr 
~1H45Efl .ft 1mu it] $:iJlgt_t, 1111if B 1=j q=i !k:!WiHJl 40xt1f 0 
[0096] q:i !R:P~ HJl 40, :tr3ffi:i1[p~ HJl 30tO1c3ffi:i1[1Wj HJl 30 (lj, r ~Jtlt~ "7j( f !Wiftf=") PT lj, ~ 
@,6x~::zjs:_t~%n ~175t73_t¥c$tor ¥c$ o7_K f r~1tf=PTij,fJ1z~mAAfi11itA1=ti'lHS".l 7Efl_t¥c 
w tor ¥cw z faJ M AA~* _t 4.* l'fJ * it o PT ~±m , 1-K f 53"- IWi 14 if PT lj, filti PT~ Hffi 14, vu~□ 
• tufli~ tfil t* , 1=11-K f !Wi 1tt=-@1=E _t ¥cw tor ¥cw z raJ t£ f+t '7. **it o ttJF vu ·t1:~ JJfu vu q:i , q:i 
!k:r~HJ140PT ij, 83 JE:$*·t1:l'fJtJ14 CvLl~o~~tm) ~PX, lj,f=Efl ~179='%AA4.***t 01± ~1t 
~ Jjfu 1JLl q:i , * !k: p~ HJ 140 pJ 83 lxJIJ ·t1:f314 ~ AA O fr 71' vH1: ~ Jjfu vu q:i ' kl jffi:il[ IWj HJ 130 to ftJffi :i1[ IWj 
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lll 30P]T)_ ¾lxJIJ,t1:1¥J 0 

[0097J ftJFWU 't1:~ JJm wu q:i , TT :£f ¥fit 1*400PT 12,J, t2 EE rll 1tt:s l¥J _t ¥$ q:i l¥J fBJ '5JR 45 CfoPT ~1¥J 
J§ fB] It~ 44) t±AoJifeJ£TT:£f ¥fit1*400a PT 12),tfr~:tr 11J!tlmiil!l 9fr:itt, 1iiLlJiJTJ£tfii 1*1¥J ~$71\.Ju:it 
:trmiil!~HJ1303ti&~JlJt,m t±:l o~1~:l:il!, TTl:T,vft:1*400a PT 12), j{}~ ft11J!tlmiil!181r:itt, 1iiUJiJrj£ 
¥fit 1* a<J ~ $ 71\. iU it ft 11J!tl miil! p~ HJ 13 0 0 :tr□ _t j£ 00 JiJTJF , TT l:T, tfit 1* l¥J ji)T j£ $ 7J\. pJ 12), i&m j{} ;t§ & 
1f IPJ ~ 1[jg §J 3t Jl71\. 111Jil l:T,3f :11:tr 11J!tlmiil! 19to ft 11J!tl miil! 18 l¥J _r ¥ $71\., 11 iU ~J§ t2 EE :ittEf. 
JL6sto1si&1±A o 
[0098] ft~1~1¥J1fA q:i, j{}~ !'l H~l 7fr:ittl¥J TT:£f t/ii1*400b PT 12), ~1Hr:itt, 1iiLlJifrJ£1Jii1* 
400bl¥J~$71\.JU:it9=1 :W:r~HJ140JF*EzJllJtffi:ii O 12),i3:5tqi7:fj:\' Et2i&¥±A (1B¥x~3f :ii~x. 
~~lOO~miil!l02) ITT¥AfW400b7Gi'i~ ~Ef21r:itt3f:ii~X.~~lOO~miil!l021¥Jtfii1*400b$tE 
it, 3f £i fffi ~i&tif: t±:l fB] '5JR 45 (tOPT ~B<J J§ fB] '5JR 44) o 
[0099] :tr□~ 1W 00 q:i JiJTi1-V~l¥J, TTl:T,1/ii1*400PT1i:£f3f :iiPT :izta<J ~X.~~100, ~~~f:£: EE tif: 
Ef. JL85tif: t±:l o TT l:T,tfit1*400?t J§ PI 12,J, ~~~ jg §J iU:tr 11J!tl miil! 19~ ft '®tlmiil! 183f ~ 111r:itt o :tr mi 
il! r~ HJ 130to ftmiil!~ HJ 130 PT 12,J, ?J\. tW ~jj JtJiJTJ£TT l:T,1fit 1*ffl:ii§'Jl 1tt= 51¥J q:i £~ , J.A rm~JJ Jt§'Jl 1tt:s 
l¥J 4ij ~ ¥ l¥J TT l:T, tfit 1* 7:!t ¥A! it o fil i)t ¾ iJl , n1d * f:£: EE :itt ~ JL 65to751.±A l¥J TT l:T, tfit 1* PI 12,J, 7G ~ 
E t2t2 EE Jifrj£ :itt~JL65t07 5¥.±A 1¥J TT Ef tfii 1*¥R!it o :iBiLl:tr '®tl ~ HJ 130to ft '®tl ~ HJ 1301¥] TT :1:;r, 

ifit ·1* PT 12,J, i& ill ft ;t§ & 1f IPJ _t ~ 11 jg §J , 11 iu ~ ~~ J.A rll 1tt= s t2 EE !'BJ '5JR 4 s ( to PT~ l¥J J§ fBJ '5JR 4 4) 
tif: t±:l 0 

[0100J 00 26Ato 00 26BJF t±:l T miil!P~ HJ130ITTJFWU't1:~JJ'ffi wu o fti3::t-¥:B<J * JJmWU q:i , miil!~HJ 
141 l¥J ~ $ 5t PT 12,J, ¾ PT iftu-=µ l¥J , 1t 1~ (:fro* fffi ~ a<J it) TT :£f m 1*400a l¥J ~ $ 5t PT 12,J, i& ft it mi 
:iimiilt~ Jt 130, JArm ft iti±Atotif: t±:lTTl:T,ifit1*zJBJ~JJl~~~~l¥J ¥fBit o fti3:5trr~JJm WU q:i, 

miil! ~ HJ 14 2 l¥J * = $ 5t PT 12,J, ¾ ffi'r~ l¥J , 1t1~ B ffJ PT 12,J, 7G iez iftu-=µ 3t £i ti~~;;$: _t ~ * l¥J * 
it ' 1t 1~ ¥± A to tif: t±:l TT l:T, ifit 1* 7G ~ ~ ¥fB it O ft A 1m ~ JJlli WU q:i ' miil! p~ h 13 0 l¥J ~ 1* pJ 12), ¾ pJ 

iftu-=µ l¥J oft Jt 1m~ JJm wu q:i , miil! r~ Jt 130 l¥J ~ 1* PT 12,J, ¾ffi'r ~ l¥J o 
[0101J E 3 f_lftt4, Jifr0TTl¥J *JllliWUl¥J:¥lilfltoffi ~ :tR:~ Tit$~~ l¥J ~JF~l¥J 14-iP o 1t19 
7FWUffiJ7G¾~~ tu, *JllliWUPT 12), ~ 12), ~{f1AJ~ r001JJll1tt=£ait1tffl: LCD (Jifr~~~) , '&.-Jc= 
t&~ (LED) ,~tJL~-Jt=t&~ (OLED) ,:i:m'&.M~JF~ (FED) ,'Jx-Jt~it4m (LEP) ,~Vl~i1'&.-Jt 
(OEL) , ~ ~ r1*~JF~l2}, ,&{3:friJJt BritR~ rOO ®.tll 1tt= o!ltjr, ~JJmWUPT 12,J, ~ Jt1m~~l¥J 
~JF~~~ftffl, ,e1Jtr.1d *1&.fJll¥J jj~® o~'bLl:l:il!, fm1JH~*£1EPI 12,J,~Fffi~it fflr~~E-ftR 
OLED~JF~ o7FWU't1:~JJmWUiEPT 12,J,lLlffl:k~ (55~-f~£$) LED~-Jt, ~ 7J\.~$$~s1 ~JF~ 
(LCD) 0 !a~*JCfflj£1¥J~JJm1JU~Fffi~itr ?jr:1:;r-m' {B ¾B{f]fil pJ ~fflr~JF~l¥J~;ffik 

't1: PT i'i~ !zt: rm~ q:i l¥J ~ pg E ffl ( WU :tr□ I I I I~ :£f :I:~ , llllb'R , £ ;;&~) o 
[0102J :tz□ *1~~ikJifr jij ~o l¥J, ~ r ~JF~ PT 12,J, 12,J,i'J,A IPJ ~tl IPJ 7:fAJE IPJ, 3t £L PT 12,J, ~*JC 
1¥J~JJmwu~~ftffl o 
[0103J iEE 31±~, pff 00 q:i 7F t±:l 1¥J 1}5fqi14'1P §J Ji14t PT 12,J, 12,J, 1}(-f ~~H~l'iJF t±:\, 1B ¾E 3 
ffi~~~mJsPTl2,J,~ffl~JE~Jllli~*&~~~7:!to~!lt,TT:£fPTl2,J,*-f~~1i3t£ifil~~ 
4:t~~sttt1f lPJ ~1T O Jltjr 'TTl:T,fil pJ 12), ¾1J(-f l¥J ~~]'[!¥], * H pJ 12,J,J.AftiU:tr 'J.A:triUft' 
J.A_tffF, ~JA!t£iLlTm o 
[ o 104 J B f:£:JF t±:l to ffl J£ T *'ix~ l¥J 1ft :izt ~ JJffi wu , * ®'!~~*A in~~ iA i~ iu , PT 12,J, :itt 1r it 
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~~1t)fQ1,t~~*1Jo[o]Jiftta'iJ£1'fJ 1:zlljj, * _ft 1JYtEJift~*15F,:1?1'rJ 1:zlljj a{] m~ pg O !H'.>'r, _tJ£m7F 
l'fJ~~ft#m~~~~~~~.~~ft#~m~ffl~l'fJ~**~A*~*§~l'fJ1:zlljjl'fJff 
fEfl pg O ~lit' 1x 83 txtLl~3K~Jift*JFB{] ffi~f;~ tLl,:zjs:1:za}j 0 
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Description 

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 information­
al, advertising, or entertainment purposes. While dis­
plays of the past were primarily designed for operation 
near room temperature, it is now desirable to have dis­
plays which are capable of withstanding large surround­
ing environmental temperature variations. For example, 
some displays are capable of operating at temperatures 
as low as -30°C (-22F) and as high as 45°C (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 ex­
tremely 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, illumi­
nation 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 demand­
ing larger screen sizes for displays. With increased elec­
tronic 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 circu­
lating a closed loop of gas around thedisplayand drawing 
ambient gas through the display so that the closed loop 
of gas may be cooled (as well as portions of the electronic 
display). Various thermal communications have been 
discovered which can transfer heat away from the sen­
sitive 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 amountof noise emission from the display 
as well as thermal gradients where portions of the display 
were cooled but others remained warm. 
[0006) The US 6198222 81 discloses a plasma display 
device comprising a plasma display panel having a front 
side and a rear side, the front side of the plasma display 

panel being used for displaying images and a rectangular 
side frame comprising upper, lower, left and right bars 
over which the plasma display panel is vertically installed 
at a front end of the four bars of the side frame, and the 

5 front side of the plasma display panel is facing in the 
same direction as the front end of the side frame; a rear 
plate vertically installed in a rear end of the four bars of 
the side frame; a supporting rack installed inside the side 
frame between the plasma display panel and the rear 

10 plate comprising a horizontal top beam fixed at the upper 
bar of the side frame, a horizontal bottom beam fixed at 
the lower bar of the side frame, and a plurality of vertical 
columns mounted to the top beam at an upper end of 
each vertical column and to the bottom beam at a lower 

15 end of each vertical column so as to provide strong sup­
port, the rear side of the plasma display panel being fixed 
on a front end of at least one of the vertical columns; 
wherein vertical spaces between neighbouring vertical 
columns and between the vertical columns and the left 

20 and right sides of the side frame are used as heat dissi­
pation channels for upwardly dissipating heat generated 
from the rear side of the plasma display panel away from 
the plasma display device. 
[0007] The EP 1 64 7 766 A2 discloses an LED package 

25 having a metal substrate, an insulation 5 sheet formed 
at an upper surface of the metal substrate, a plurality of 
electrode lines formed on the insulation sheet, LEDs 
electrically bonded to an upper surface of the plurality of 
electrode lines and arrayed in rows and lines and a plu-

30 rality of striped protruders fixed at one surface thereof to 

a lower surface of the metal substrate, each spaced a 
predetermined distance apart and a guide member fixed 
to the other surface of the protruders a fan case encased 
therein with a fan for sucking air through a suction inlet 

35 and disposed at a lateral surface of the metal substrate 
and the guide member for circulating the sucked air 
through spaces of the protruders; 
a cooling unit for cooling air and for supplying the cooled 
air to the suction inlet of the fan case and a circulation 

40 pipe for supplying the air discharged from spaces among 
the plurality of protruders to the cooling unit. 
[0008] The WO 2009/065125 A2 discloses an isolated 
gas cooling system. The gas cooling system is a closed 
loop which includes a first gas chamber comprising a 

45 transparent anterior plate and a second gas chamber 
comprising a cooling plenum. The first gas chamber is 
anterior to and coextensive with the viewable face of the 
electronic display. The transparent anterior plate may be 
set forward of the electronic display surface, defining the, 

50 depth of the first gas chamber. A cooling chamber fan, 
or equivalent means, is located within the cooling plenum 
and is used to propel gas around the isolated gas cooling 
chamber loop. 
[0009] When using LCD displays, it was found that 

55 backlights were often a source of heat and it was desir­
able 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 
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that the backlight cavity would become contaminated 
with dust, dirt, or other particulate. 

Summary of the Exemplary Embodiments 

[0010) Exemplary embodiments use a combination of 
circulating gas and ambient gas in order to adequately 
cool an electronic display. Circulating gas is used to re­
move heat from the front of the image assembly. When 
using a LCD as the electronic image assembly, circulat­
ing gas may also be used to remove heat from the back­
light 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. 
[0011) 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 ex­
changer which will allow the heat to transfer from the 
circulating gas to the ambient gas, preferably without let­
ting the ambient and circulating gases mix with one an­
other. 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 assem­
bly. 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. 
[0012) 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 ex­

changer, 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 am­
bient 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. 
[0013) 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 por­
tion 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 tern perature substantially and may no longer 
provide adequate cooling to the opposing portion of the 
display. Th us, the manifolds herein allow for cool ambient 
air to adequately cool the entire electronic image assem­
bly in an even manner and reduce any 'hot spots' within 
the electronic image assembly. 
[0014) The foregoing and other features and advan­
tages will be apparent from the following more detailed 
description of the particular embodiments of the inven­
tion, as illustrated in the accompanying drawings. 

Brief Description of the Drawings 

[0015) A better understanding of an exemplary embod­
iment will be obtained from a reading of the following 

5 detailed description and the accompanying drawings 
wherein identical reference characters refer to identical 
parts and in which: 

FIGURE 1A provides a front perspective view of an 
10 exemplary embodiment of the electronic display. 

FIGURE 1 B provides a rear perspective view of an 
exemplary embodiment of the electronic display. 
FIGURE 2 provides a rear perspective view similar 
to that shown in Figure 1 B where the rear cover has 

15 been removed. 
FIGURE 3 provides a perspective sectional view 
along the A-A section line shown in Figure 1 B. 
FIGURE 4 provides a perspective sectional view 
along the 8-B section line shown in Figure 1 B. 

20 FIGURE 5 provides a perspective sectional view of 
insert C shown in Figure 4. 
FIGURE 6 provides a perspective sectional view of 
one embodiment of the cross through plate. 
FIGURE 7 provides an exploded perspective view 

25 of one exemplary embodiment of the heat exchanger 
and fan assembly. 
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 

30 display (LCD). 

FIGURE 9 provides a perspective sectional view of 
an exemplary embodiment which uses a flow of cir­
culating gas through the backlight cavity in addition 
to the flow of circulating gas between the LCD and 

35 front plate. 

Detailed Description 

[0016] The invention is described more fully hereinaf-
40 ter 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. 

45 Rather, these embodiments are provided so that this dis­
closure will be thorough and complete, and will fully con­
vey 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. 

50 [0017] 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" an-

55 other 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 

3 

SEC et al. v. MRI 
SEC Exhibit 1022.1472 

IPR2023-00221



5 EP 2 567 283 B1 6 

listed items. 
[0018] 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 

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 

sections, these elements, components, regions, layers 5 

of a device and are not intended to limit the scope of the 
invention. 

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 sec­
ond element, component, region, layer or section without 
departing from the teachings of the present invention. 
[0019] 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 fig­
ures. 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" rel­
ative 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 orienta­

tion 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. 
[0020] The terminology used herein is for the purpose 
of describing particular embodiments only and is not in­

tended 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 indi­
cates otherwise. It will be further understood that the 
terms "comprises" and/or ''comprising," when used in this 
specification, specify the presence of stated features, in­

tegers, steps, operations, elements, and/ or components, 
but do not preclude the presence or addition of one or 
more other features, integers, steps, operations, ele­
ments, components, and/or groups thereof. 
[0021] 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 toler­
ances, are to be expected. Thus, embodiments of the 
invention should not be construed as limited to the par­
ticular shapes of regions illustrated herein but are to in­
clude deviations in shapes that result, for example, from 
manufacturing. 
[0022] For example, an implanted region illustrated as 
a rectangle will, typically, have rounded or curved fea­
tures 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 

[0023] 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 

10 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 

15 so defined herein. 
[0024] FIGURE 1A provides a front perspective view 
of an exemplary embodiment of the electronic display 
100. A transparent front plate 10 is placed on the front 
portion of the display to protect the internal components 

20 and allow the images produced by the display 100 to be 
seen. Some embodiments may use glass as the trans­
parent front plate 10. Exemplary embodiments may use 
two pieces of glass laminated with index-matching optical 
adhesive. Some front plates 10 may provide other utility 

25 such as antireflection or polarizing functions. An inlet ap­
erture 24 and exit aperture 25 may be provided in the 
housing so that the display 100 can accept ambient gas 
for cooling the display 100. 
[0025] FIGURE 1 B provides a rear perspective view 

30 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. 
[0026] FIGURE 2 provides a rear perspective view sim­
ilar to that shown in Figure 1 B where the rear cover 15 

35 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 

40 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 

45 within the heat exchanger 45 (as shown in Figure 2). 
[0027] Optionally, ambient gas 210 may also be ingest­
ed into the display through inlet aperture 24 ( or a separate 
inlet aperture). Ambient gas 210 may then be directed 
through a first manifold 30 which travels along the edge 

50 of the display. The first manifold 30 accepts the single 
larger inlet flow of ambient gas 210 and distributes it into 
a plurality of smaller flows (channels 60) across the dis­
play. A second manifold 35 may be placed along the op­
posite edge of the display as the first manifold 30. The 

55 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 
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211 is used to draw the ambient gas 210 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 210 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 assem­
bly 211 in the second manifold 35, or within both the first 
and second manifolds 30 and 35. 
[0028) The first and second manifolds 30 and 35 may 
be placed along any opposing edges of the display. How­
ever, it is preferable that the first and second manifolds 
30 and 35 are placed along the vertical edges of the dis­
play 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. 
[0029) 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 ambient gas 200 or ambient gas 210. Also, if using 
both flows of ambient gas 200 and ambient gas 210 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. 
[0030) 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 aper­
ture 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 ap­
erture 24 may contain a filter or other coverings so that 
contaminates, insects, garbage, and/or water/fluids can­
not easily be ingested into the display. However, an ex­
emplary embodiment would not be damaged if the am­
bient 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 en­
ter the display. 
[0031) 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 210 behind the electronic 
image assembly 50 may be used to remove any buildup 
of heat from the rear portion of the electronic image as­
sembly 50. It may be preferable to have a thermally con­
ductive 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. 
[0032) 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 1-beam cross-sections, hol­
low square cross-sections, hollow rectangular cross-sec-

5 tion, 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 

10 image assembly 50. Thus, in a preferred embodiment, 
heat which accumulates on the rear portion of the elec­
tronic image assembly 50 may be transferred throughout 
the channels 60 and removed by ambient gas 210. Pref­
erably, the channels 60 are metallic and even more pref-

15 erably aluminum. Further, in an exemplary embodiment 
the channels 60 are in conductive thermal communica­
tion with the electronic image assembly 50. 
[0033) FIGURE 4 provides a perspective sectional 
view along the B-B section line shown in Figure 1 B. In 

20 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 

25 surface of the electronic image assembly 50. The circu­
lating 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 

30 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. 
[0034) The circulating gas 250 may also be directed 
over various electronic components 7 so that heat may 

35 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 mod­
ules, heat sinks, capacitors, motors, microprocessors, 
hard drives, AC/DC converters, transformers, or printed 

40 circuit boards. 
[0035) 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 em­
bodiment, the ambient gas 210 is forced out of the first 

45 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 

50 the second manifold 35. As shown in this Figure, the 
paths of the ambient gas 210 and the circulating gas 250 
may cross, but it is preferable to keep the two gases from 
mixing (as the ambient gas 210 may contain particulate 
or contaminates while the circulating gas 250 can remain 

55 substantiallyfreeof particulate and contaminates). It may 
be preferable to keep the circulating gas 250 from having 
particulate or contaminates because it travels in front of 
the electronic image assembly 50. Thus, to keep the im-
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age 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. 
[0036) 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 210 
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 210 to travel 
from the first manifold 30 into the channels 60 which run 
behind the electronic image assembly 50. A second se­
ries 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 to­
wards the heat exchanger 45. ln this embodiment, a cir­
culating gas fan assembly 255 is used to draw the circu­
lating gas 250 through the front channel 251 and through 
the heat exchanger 45. Much like the other fan assem­
blies shown and described here, the circulating gas fan 
assembly 255 could be placed anywhere within the dis­
play, including but not limited to the entrance/exit of the 
heat exchanger 45 or the entrance/exit of the front chan­
nel 251. 
[0037) FIGURE 6 provides a perspective sectional 
view of one embodiment of the cross through plate 500. 
ln this embodiment, the cross through plate 500 is com­
prised of a plurality of hollow blocks 503 sandwiched be­
tween 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. Other embod­
iments 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 ex­
emplary cross through plate 500 contains two gaseous 
pathways where the two pathways do not allow the gas­
eous matter to mix. Here, the first gas pathway would be 
525 while the second gas pathway would be 550. 
[0038) FIGURE 7 provides an exploded perspective 
view of one exemplary embodiment of the heat exchang-

er 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 ex­
changer 45 is divided into two portions 4 7 and 48 where 

5 the fan housing 51 is used to provide a gaseous commu­
nication 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 any­
where so that it draws ambient gas 200 through the heat 

10 exchanger 45, it has been found that placing the fan as­
sembly 46 between the two portions of the heat exchang­
er can provide a number of benefits. First, the volumetric 
flow rate of the ambient gas 200 through the heat ex­
changer is high, which results in better cooling capabili-

15 ties for the heat exchanger 45. Second, the noise pro­
duced by the fan assembly 46 can be reduced because 
the surrounding portions47 and48 of the heat exchanger 
45 essentially act as a muffler for the fan assembly 46. 
[0039) In this embodiment, portion 48 is thinner and 

20 longer than portion 47. This was done in order to free up 
more space within the housing so that additional elec­
tronic 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 

25 be of different lengths. As shown, portion 48 of the heat 
exchanger is thinner than the fan housing 51. In an al­
ternative 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 communi-

30 cation 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 abili­
ties) even though space is limited. This is of course not 

35 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 am­
bient gas 200, other embodiments could use a fan as­
sembly placed within the heat exchanger to drive the cir-

40 culating 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 am-

45 bient gas 200 and circulating gas 250. 
[0040] 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 

50 45. Although not required, it is preferable that the circu­
lating 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 

55 heat exchanger 45 would be a cross-flow heat exchang­
er. However, many types of heat exchangers are known 
and can be used with any of the embodiments herein. 
The heatexchanger45 may be a cross-flow, parallel flow, 
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or counter-flow heat exchanger. In an exemplary embod­
iment, 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 sub­
stantially 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 ad­
jacent to one another and heat may be transferred be­
tween the two gases without mixing the gases them­
selves {if the heat exchanger is adequately sealed, which 
is preferable but not required). 
[0041) 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 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 (sub­

stantially perpendicular to the first direction) would travel 
through the pathways of the adjacent plates). 
[0042) 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 ex­
changers and any type would work with the embodiments 
herein. 
[0043) An exemplary heat exchanger may have plates 
where the sidewalls have a relatively low thermal resist­
ance 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 in­
expensive. Metals are typically used for heat exchangers 
because of their high thermal conductivity and would 
work with these embodiments. However, it has been dis­
covered that plastics and com posit es 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 trav-

5 el in a direction perpendicular to the surrounding plates). 
[0044) FIGURE 8 provides a perspective sectional 
view of another embodiment which uses a flow of circu­
lating gas 350 through the back light cavity of a liquid crys­
tal display (LCD) 300. In this embodiment, a LCD 300 

10 and an associated backlight 320 are used as the elec­
tronic 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 

15 entering the backlight cavity and disrupting the opti­
cal/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 

20 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 

25 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 circu­
lating gas 350 could easily flow through the backlight 
cavity. In this way, the backlight cavity is placed in gas-

30 eous communication with the heat exchanger 45. 

[0045) FIGURE 9 provides a perspective sectional 
view of an exemplary embodiment which uses a flow of 
circulating gas 350 through the backlight cavity in addi­
tion to the flow of circulating gas 250 through the front 

35 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 circulat-

40 ing 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 communica-

45 tion with the heat exchanger 45. 
[0046) Also shown in Figure 9 is the optional additional 
flow of ambient gas 210 which may travel immediately 
behind the electronic image assembly (in this embodi­
ment backlight 320). Once travelling through the first 

50 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 210 into the first 

55 manifold 30 and through the channels 60. Again, the 
cross though plate 500 may be used to allow the circu­
lating gases 350 and 250 to cross paths with the ambient 
gas 210 without letting the two gases mix. 
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[0047) 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 conduc­
tive plate which may be in thermal communication with 
the channels 60. In an exemplary embodiment, the ther­
mally conductive plate would be metallic and more pref­
erably aluminum and the thermal communication be­
tween the channels 60 and the backlight 320 would be 
conductive thermal communication. 
[0048) As noted above, many electronic image assem­
blies (especially LEDs, LCDs, and OLEDs) may have 
performance properties which vary depending on tem­
perature. 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 (some­
times containing a backlightassembly) can be distributed 
(somewhat evenly) throughout the channels 60 and ther­
mally-conductive surfaces to remove hot spots and cool 
the backlight and/or electronic image assembly. 
[0049) 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 specif­
ically contemplated that any of the gaseous matters de­
scribed herein may contain some amount of impurities 
including but not limited to water vapor. Preferably, be­
cause 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 cir­
culating 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 210 from having contaminates as well. Filters 
may be used to help reduce the particulate within ambient 
gases 200 and 210. Filters could be placed near the inlet 
aperture 24 so that ambient gases 200 and/or 210 could 
be drawn through the filter. However, in an exemplary 
embodiment the display may be designed so that con­
taminates could be present within the ambient gases 200 

when the display is used in outdoor environments or in­
door environments where contaminates are present in 
the ambient air. 
[0050] The cooling system may run continuously. How-

5 ever, if desired, temperature sensing devices (not shown) 
may be incorporated within the electronic display to de­
tect 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 

10 display reaches a predetermined value. Predetermined 
thresholds may be selected and the system may be con­
figured to advantageously keep the display within an ac­
ceptable temperature range. Typical thermostat assem­
blies can be used to accomplish this task. Thermocou-

15 pies may be used as the temperature sensing devices. 
[0051] 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 elec-

20 tronic assembly for creating an image. At this time this, 
these are LCD (all types), light emitting diode (LED), or­
ganic light emitting diode (OLEO), field emitting display 
(FED), light emitting polymer (LEP), organic electro lu­
minescence (OEL), plasma displays, and any thin/flat 

25 panel electronic image assembly. Furthermore, embod­
iments may be used with dis plays 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 

30 also utilize large (55 inches or more) LED backlit, high 
definition liquid crystal displays (LCD). While the embod­
iments described herein are well suited for outdoor en­
vironments, they may also be appropriate for indoor ap­
plications (e.g., factory/industrial environments, spas, 

35 locker rooms) where thermal stability of the display may 
be a concern. 
[0052] 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. 

40 [0053] Having shown and described preferred embod­
iments, those skilled in the art will realize that many var­
iations and modifications may be made to affect the de­
scribed embodiments and still be within the scope of the 
claimed invention. Additionally, many of the elements in-

45 dicated 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, there­
fore, to limit the invention only as indicated by the scope 
of the claims. 

50 and 210 but this will not harm the display. In these em­
bodiments, the heat exchanger 45, manifolds 30 and 35, 
channels 60, and any other pathway for ambient or cir­
culating gas should be properly sealed so that any con­
taminates in the ambient gas would not enter sensitive 
portions of the display. Thus, in these exemplary em bod- 55 

iments, ambient air may be ingested for the ambient gas-

Claims 

1. A system for cooling an electronic image assembly 
with ambient gas, the system comprising: 

es 200 and 210, even if the ambient air contains contam­
inates or particulate. This can be particularly beneficial 

8 

a plurality of channels (60) placed behind the 
electronic image assembly (50), each channel 
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having an inlet and exit; with ambient gas, the system comprising: 
a first manifold (30) in gaseous communication 
with the inlet of each channel (60); a plurality of channels (60) placed behind and 
a second manifold (35) in gaseous communica- in thermal communication with the electronic im-
tion with the exit of each channel (60); and 5 age assembly (50), each channel having an inlet 
a manifold fan (211) positioned to force ambient and exit; 
gas through the channels (60); a first manifold (30) in gaseous communication 
a circulating fan (255) positioned to force circu- with the inlet of each channel (60); 
lating gas in a closed loop; a second manifold (35) in gaseous communica-
a transparent front plate (10) positioned in front 10 tion with the exit of each channel (60); 
of the electronic image assembly (50), the space a manifold fan (211) positioned to force ambient 
between the transparent front plate ( 10) and the gas through the channels (60); 
electronic image assembly (50) defining a front a transparent front plate (10) positioned in front 
channel (251) for accepting the closed loop of of the electronic image assembly ( 50), the space 
circulating gases; and 15 between the transparent front plate ( 10) and the 
a cross through plate (500) having a first path- electronic image assembly (50) defining a front 
way (550) for circulating gas (250) travelling channel (251 ); 
through the front channel (251) and a second a heat exchanger (45) in gaseous communica-
pathway (550) for ambient gas (210) travelling tion with the front channel (251), the heat ex-
through the plurality of channels (60) behind the 20 changer comprising two portions (48 and 47), 
electronic image assembly (50). each portion having first and second gas path-

ways, where the first gas pathways are in gas-
2. The cooling system of claim 1 wherein: eous communication with inlet (24) and exit (25) 

the first (30) and second (35) manifolds are placed apertures for ambient gas (200) and the second 
along a pair of vertical edges of the electronic image 25 gas pathways are in gaseous communication 
assembly (50). with the front channel (251); 

a heat exchanger fan assembly (46) placed be-
3. The cooling system of claim 1 wherein: tween the two portions (48 and 47) of the heat 

the manifold fan (211) is placed within either the first exchanger (45) to force ambient gas (200) 
or second manifold. 30 through the first gas pathways; and 

a circulating gas fan assembly (255) positioned 
4. The cooling system of any one of claims 1-3 wherein: to force circulating gas (250) through a closed 

the channels (60) are arranged in horizontal rows. loop including the front channel (251) and the 
second gas pathways. 

5. The cooling system of anyone of claims 1-3 wherein: 35 

the cooling channels (60) are metallic. 10. The cooling system of claim 9 wherein: 
the heat exchanger (45) is comprised of corrugated 

6. The cooling system of any one of claims 1-3 wherein: layers. 
the first (525) and second (550) gas pathways are 
substantially perpendicular. 40 11. The cooling system of claim 9 wherein: 

the heat exchanger (45) is a cross-flow heat ex-
7. The cooling system of any one of claims 1-3 wherein: changer. 

the first (525) and second (550) gas pathways do 
not allow the ambient gas and circulating gas to mix. 12. The cooling system of any of claims 10-11 wherein: 

45 the ambient air is substantially prohibited from mixing 
8. The cooling system of claim 1 further comprising: with the circulating air. 

a heat exchanger (45) having first and second 13. The cooling system of any of claims 10-11 further 
gas pathways; comprising: 
a heat exchanger fan (46) placed to draw ambi- 50 a cross through plate (500) which accepts both the 
ent gas (200) through the first gas pathway of ambient gas and circulating gas without allowing the 
the heat exchanger (45); and ambient gas to substantially mix with the circulating 
wherein the circulating fan (255) is placed to gas. 
draw circulating gas (250) through the front 
channel (251) and a second gas pathway of the 55 14. The cooling system of any of claims 1-3 and 10-11 
heat exchanger (45). wherein: 

the electronic image assembly (50) is an LED backlit 
9. A system for cooling an electronic image assembly liquid crystal display where the channels (60) are in 
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thermal communication with the LED backlight. 

Patentanspri.iche 

7. Kuhlsystem nach einem der Anspruche 1-3, wobei: 
der erste (525) und der zweite (550) Gasdurchgang 
nicht zulassen, dass sich das Umgebungsgas und 
das Umwalzgas vermischen. 

5 

1. System zum Kuhlen einer elektronischen Bildanord­
nung mil Umgebungsgas, wobei das System Fol­
gendes umfasst: 

8. Kuhlsystem nach Anspruch 1, das weiter Folgendes 
umfasst: 

2. 

3. 

4. 

5. 

6. 

eine Vielzahl von Kanalen (60), die hinter der 10 

elektronischen Bildanordnung (50) platziert 
sind, wobeijeder Kanai einen Einlass und einen 
Austritt aufweist; 

einen Warmetauscher (45) miteinem ersten und 
einem zweiten Gasdurchgang; 
ein Warmetauschergeblase (46), das platziert 
ist, um Umgebungsgas (200) durch den ersten 
Gasdurchgang des Warmetauschers (45) zu 
saugen; und einen ersten Verteiler (30) in Gasverbindung mil 

dem Einlass jedes Kanals (60); 15 wobei das U mwalzgeblase (255) platziert ist, um 
Umwalzgas (250) durch den vorderen Kanai 
(251) und einen zweiten Gasdurchgang des 
Warmetauschers (45) zu saugen. 

einen zweiten Verteiler (35) in Gasverbindung 
mit dem Austritt jedes Kanals (60); und 
ein Verteilergeblase (211 ), das positioniert isl, 
um Umgebungsgas durch die Kanale (60) zu 
blasen; 
ein Umwalzgeblase (255), das positioniert isl, 
um Umwalzgas in einergeschlossenen Schleife 
zu blasen; 
eine durchsichtige Frontplatte ( 10), die vor der 
elektronischen Bildanordnung (50) positioniert 
ist, wobei der Zwischenraum zwischen der 
durchsichtigen Frontplatte (10) und der elektro­
nischen Bildanordnung (50) einen vorderen Ka­
nai (251) zum Aufnehmen der geschlossenen 
Schleife van Umwalzgasen definiert; und 
eine quer verlaufende Durchgangsplatte (500) 
mit einem ersten Durchgang (550)fur sich durch 
den vorderen Kanai (251) bewegendes Um­
walzgas (250) und einem zweiten Durchgang 
(550) fur sich durch die Vielzahl van Kanalen 
(60) hinter der elektronischen Bildanordnung 
(50) bewegendes Umgebungsgas (210). 

Kuhlsystem nach Anspruch 1, wobei: 
der erste (30) und der zweite (35) Verteiler entlang 
eines Paars vertikaler Randerder elektronischen Bil-
danordnung (50) platziert sind. 

Kuhlsystem nach Anspruch 1, wobei: 
das Verteilergeblase (211) innerhalb entweder des 
ersten oder des zweiten Verteilers platziert ist. 

Kuhlsystem nach einem der Anspruche 1-3, wobei: 
die Kanale (60) in horizontalen Reihen angeordnet 
sind. 

Kuhlsystem nach einem der Anspruche 1-3, wobei: 
die Kuhlkanale (60) aus Metal! sind. 

Kuhlsystem nach einem der Anspruche 1-3, wobei: 
der erste (525) und der zweite (550) Gasdurchgang 
im Wesentlichen senkrecht zueinander sind. 

20 9. System zum Kuhlen einerelektronischen Bildanord­
nung mit Umgebungsgas, wobei das System Fol­
gendes umfasst: 

eine Vielzahl von Kanalen (60), die hinter und 
25 in thermischer Verbindung mit der elektroni­

schen Bildanordnung (50) platziert sind, wobei 
jeder Kanai einen Einlass und einen Austritt auf­
weist; 
einen ersten Verteiler (30) in Gasverbindung mit 

30 dem Einlass jedes Kanals (60); 

einen zweiten Verteiler (35) in Gasverbindung 
mit dem Austritt jedes Kana ls (60); 
ein Verteilergeblase (211 ), das positioniert ist, 
um Umgebungsgas durch die Kanale (60) zu 

35 blasen; 

40 

45 

50 

55 

10 

eine durchsichtige Frontplatte (10), die vor der 
elektronischen Bildanordnung (50) positioniert 
ist, wobei der Zwischenraum zwischen der 
durchsichtigen Frontplatte (10) und der elektro­
nischen Bildanordnung (50) einen vorderen Ka­
nai (251) definiert; und 
einen Warmetauscher (45) in Gasverbindung 
mit dem vorderen Kanai (251 ), wobei der War­
metauscher zwei Abschnitte (48 und 47) um­
fasst, wobei jeder Abschnitt erste und zweite 
Gasdurchgange aufweist, wobei die ersten Gas­
durchgange in Gasverbindung mit Einlassi:lff­
nungen (24) und Austrittsoffnungen (25) fur Um­
gebungsgas (200) stehen und die zweiten Gas­
durchgange in Gasverbindung mit dem vorde­
ren Kanai (251) stehen; 
eine Warmetauscher-Geblaseanordnung (46), 
die zwischen den zwei Abschnitten (48 und 47) 
des Warmetauschers (45) platziert ist, um Um­
gebungsgas (200) durch die ersten Gasdurch­
gange zu blasen; und 
eine Umwalzgas-Geblaseanordnung (255), die 
positioniert ist, um Umwalzgas (250) durch eine 
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geschlossene Schleife zu blasen, die den vor­
deren Kanai (251) und die zweiten Gasdurch­
gange umfasst. 

10. KUhlsystem nach Anspruch 9, wobei: 5 

der Warmetauscher (45) aus gewellten Schichten 
besteht. 

11. KUhlsystem nach Anspruch 9, wobei: 
es sich bei dem Warmetauscher (45) um einen Quer­
stromwarmetauscher handelt. 

12. KUhlsystem nach einem der Ansprllche 10-11, wo­
bei: 
die Umgebungsluft im Wesentlichen daran gehindert 
wird, sich mit der Umwalzluft zu vermischen. 

13. KUhlsystem nach einem der Ansprllche 10-11, das 
weiter Folgendes umfasst: 
eine querlaufende Durchgangsplatte (500), die so­
wohl das Umgebungsgas als auch das Umwalzgas 
aufnimmt, ohne zuzulassen, dass sich das Umge­
bungsgas wesentlich mit dem Umwalzgas ver­
mischt. 

14. KUhlsystem nach einem der Ansprllche 1-3 und 
10-11, wobei: 
es sich bei der elektronischen Bildanordnung (50) 
um eine FIUssigkristall-Anzeigevorrichtung mit LED­
Hintergrundbeleuchtung handelt, bei der die Kanale 
(60) in thermischer Verbindung mit der LED-Hinter­
grundbeleuchtung stehen. 

Revendications 

1. Systeme servant a refroidir un ensemble d'image 
electronique au moyen d'un gaz ambiant, le systeme 
comportant: 

une pluralite de canaux (60) places derriere !'en­
semble d'image electronique (50), chaque canal 
ayant une entree et une sortie ; 

10 

15 

20 

25 

30 

35 

40 

un premier collecteur (30) en communication 
gazeuse avec l'entree de chaque canal (60) ; 45 

un deuxieme collecteur (35) en communication 
gazeuse avec la sortie de chaque canal (60) ; et 
un ventilateur de collecteur (211) positionne 
pour forcer du gaz ambiant au travers des ca-
naux (60) ; 50 

un ventilateur de circulation (255) positionne 
pour forcer du gaz circulant dans une boucle 
fermee; 
une plaque avant transparente ( 10) position nee 
devant !'ensemble d'image electronique (50), 
l'espace entre la plaque avant transparente (10) 
et !'ensemble d'image electronique (50) definis­
sant un canal avant (251) servant a accepter la 

55 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

boucle fermee des gaz circulants ; et 
une plaque traversante transversale (500) ayant 
une premiere voie de passage (550) pour du 
gaz circulant (250) avangant au travers du canal 
avant (251) et une deuxieme voie de passage 
(550) pour du gaz ambiant (210) avangant au 
travers de la pluralite de canaux (60) derriere 
!'ensemble d'image electronique (50). 

Systeme de refroidissement selon la revendication 
1, dans lequel : 
les premier (30) et deuxieme (35) collecteurs sont 
places le long d'une paire de bards verticaux de l'en-
semble d'image electronique (50). 

Systeme de refroidissement selon la revendication 
1, dans lequel : 
le ventilateur de collecteur (211) est place a l'inte-
rieur de soit le premier soit le deuxieme collecteur. 

Systeme de refroidissement selon l'une quelconque 
des revendications 1 a 3, dans lequel : 
les canaux (60) sont agences en rangees horizon-
tales. 

Systeme de refroidissement selon l'une quelconque 
des revendications 1 a 3, dans lequel : 
les canaux de refroidissement (60) sont metalliques. 

Systeme de refroidissement selon l'une quelconque 
des revendications 1 a 3, dans lequel : 
les premieres (525) et deuxiemes (550) voies de 
passage de gaz sont sensiblement perpendiculai-
res. 

Systeme de refroidissement selon l'une quelconque 
des revendications 1 a 3, dans lequel : 
les premieres (525) et deuxiemes (550) voies de 
passage de gaz ne laissent pas le gaz ambiant et le 
gaz circulant se melanger. 

Systeme de refroidissement selon la revendication 
1, comportant par ailleurs : 

un echangeurde chaleur (45) ayantdes premie­
re et deuxieme voies de passage de gaz ; 
un ventilateur d'echangeur de chaleur ( 46) place 
pour aspirer du gaz ambiant (200) au travers de 
la premiere voie de passage de gaz de l'echan­
geur de chaleur (45) ; et 
dans lequel le ventilateur circulant (255) est pla­
ce pour aspirer le gaz circulant (250) au travers 
du canal avant (251) et d'une deuxieme voie de 
passage de gaz de l'echangeur de chaleur (45). 

9. Systeme servant a refroidir un ensemble d'image 
electronique au moyen d'un gazambiant, le systeme 
comportant : 
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11. 

12. 

13. 
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une pluralite de canaux (60) places derriere, et 
en communication thermique avec, !'ensemble 
d'image electronique (50), chaque canal ayant 
une entree et une sortie ; 
un premier collecteur (30) en communication 5 

gazeuse avec l'entree de chaque canal (60) ; 
un deuxieme collecteur (35) en communication 
gazeuse avec la sortie de chaque canal (60) ; 
un ventilateur de collecteur (211) positionne 
pour forcer du gaz ambiant au travers des ca- 10 

naux (60); 
une plaque avant transparente ( 10) position nee 
devant !'ensemble d'image electronique (50), 
l'espace entre la plaque avant transparente (10) 
et !'ensemble d'image electronique (50) definis- 15 

sant un canal avant (251); 
un echangeur de chaleur (45) en communica­
tion gazeuse avec le canal avant (251), 
l'echangeur de chaleur comportant deux parties 
(48 et 47), chaque partie ayant des premieres 20 

et deuxiemes voies de passage de gaz, dans 
lequel les premieres voies de passage de gaz 
sonten communication gazeuse avec lesouver­
tures d'entree (24) et de sortie (25) pour le gaz 
ambiant (200) et les deuxiemes voies de pas- 25 

sage de gaz sont en communication gazeuse 
avec le canal avant (251) ; 
un ensemble formant ventilateur d'echangeur 
de chaleur (46) place entre les deux parties (48 
et47) de l'echangeurde chaleur (45) pour forcer 30 

du gaz ambiant (200) au travers des premieres 
voies de passage de gaz ; et 
un ensemble formant ventilateur de gaz circu-
lant (255) positionne pour forcer du gaz circulant 
(250) au travers d'une boucle fermee compre- 35 

nant le canal avant (251) et les deuxiemes voies 
de passage de gaz. 

Systeme de refroidissement selon la revendication 
9, dans lequel : 40 

l'echangeur de chaleur (45) est constitue de couches 
ondulees. 

Systeme de refroidissement selon la revendication 
9, dans lequel : 45 

l'echangeur de chaleur (45) est un echangeur de 
chaleur a courants croises. 

Systeme de refroidissement selon l'une quelconque 
des revendications 10 a 11, dans lequel : 50 

l'air ambiant est sensiblement prohibe contre tout 
melange avec l'air circulant. 

Systeme de refroidissement selon l'une quelconque 
des revendications 10 a 11, comportant par ailleurs : 55 

une plaque traversante transversale (500) qui ac-
cepte a la fois le gaz ambiant et le gaz circulant sans 
permettre au gaz ambiant de se melanger sensible-

12 

ment avec le gaz circulant. 

14. Systeme de refroidissement selon l'une quelconque 
des revendications 1 a 3 et des revendications 10 a 
11, dans lequel : 
!'ensemble d'image electronique (50) est un afficha­
ge a cristaux liquides a retroeclairage par diodes 
electroluminescentes dans lequel les canaux (60) 
sont en communication thermique avec le retroeclai­
rage par diodes electroluminescentes. 
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Back Pan Cooling Assembly for Electronic Display 

Inventors: William Dunn, Mike Brown, and Tim Hubbard 

Cross-Reference to Related Applications 

[0001] This application claims priority to US Application No. 61/714,381 filed on 

October 16, 2012. 

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 1 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. 

[0005} In an aspect, there is provided a back pan cooling assembly for an electronic 

display having a rear pan, the assembly comprising a cooling back pan having a front 

1 
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surface and a rear surface, wherein the cooling back pan is positioned behind the rear 

pan. A gap is located between the cooling back pan and the rear pen. A fan is 

positioned to cause ambient air to flow through the gap. A rear cover is positioned on 

the cooling back pan to define a rear compartment formed between the cooling back 

pan and the rear caver which is substantially sealed to prevent ambient air form 

entering the rear compartment. A power supply or microprocessor for driving the 

electronic display is placed on the rear surface of the cooling back pan, within the rear 

compartment, and in conductive thermal communication with the cooling back pan. 

[0006] In another aspect. there is provided a back pan cooling assembly for an 

electronic display having a rear pan. The assembly comprises a cooling back pan 

having a front surface and a rear surface, wherein said cooling back pan is positioned 

behind the rear pan. A gap is located-between the cooling back pan and the rear pan. 

A rear cover is positioned behind the rear surface of the cooling back pan to define a 

rear compartment formed between the cooling back pan and the rear cover, wherein the 

rear compartment is sealed to prevent ambient air from entering the rear compartment. 

An electronic component for driving the electronic display is placed at the rear surface 

off the cooling back pan within the sealed rear compartment and in conductive thermal 

communication with ttie cooling back pan. A port is provided to accept ambient air. An 

open loop gaseous pathway is defined by gaseous communication between the port 

and the gap. A fan is positioned to cause ambient air to flow through the open loop 

gaseous pathway. 

[0007] In another aspect, there is provided 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 comprises 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 

is 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. A fan is to be positioned to cause ambient air to flow through the 

vertical edge gaps and the horizontal edge gaps. A rear cover is positioned behind the 

cooling back pan to define a rear compartment formed between the cooling back pan 

2 
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and the rear cover, wherein the rear compartment is sealed to prevent ambient air from 

entering the rear compartment. A power supply or microprocessor for driving the 

electronic display is placed at the rear of the cooling back pan within the rear 

compartment and in conductive thermal communication with the cooling back pan. 

[0008] 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 

[0009] 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: 

[001 OJ FIGURE 1 is a rear perspective view of an exemplary back pan cooling 

assembly. 

[0011] FIGURE 2 is a sectional view of the embodiment shown in Figure 1. 

Detailed Description 

[00121 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. 

[0013] 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", 11an" and "the" are intended to include the plural forms as well, unless 

the context clearly indicates otheiwise. 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, 
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but do not preclude the presence or addition of one or more other features, integers, 

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

[0014] 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. 

[0015] Unless otheiwise 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. 

[0016] 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. oh the side opposing an intended obseiver). 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. 

[0017] Here, electronic components 10 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 
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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 1 modems, 

local electronic storage, and CPU/microprocessors. 

[0018] The space between the rear pan 22 and the exemplary cooling back pan 45 

defines an air gap 25. The fan 30 is positloned 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, especiafly the portions of the 

cooling back pan 45 which contain the electronic components 1 0 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 t~e 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. 

[0019] 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. 

[0020] FIGURE 2 is a sectional view of the embodiment shown in Figure 1. 

[0021] 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 10 and 11 as well as the rear pan 22, 

without exposing the sensitive components to ambient air (which may contain dirt, dust, 

or contaminates). 

[0022] 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 
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in other embodiments. Also,· although an exemplary embodiment uses the fan 30 to 

push the cooling ~ir 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 

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. 

[0023] 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. 

[0024] 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 crystat 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. 

[0025] 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 back pan cooling assembly for an electronic display having a rear pan, the 

assembly comprising: 

a cooling back pan having a front surface and a rear surface, wherein said 

cooling back pan is positioned behind the rear pan; 

a gap located between the cooling back pan and the rear pan; 

a fan positioned to cause ambient air to flow through the gap; 

a rear cover positioned on the cooling back pan to define a rear compartment 

formed between the cooling back pan and the rear cover which is 

substantially sealed to prevent ambient air form entering the rear 

compartment; and 

a power supply or microprocessor for driving the electronic display, placed on the 

rear surface of the cooling back pan, within the rear compartment, and 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 power supply or microprocessor. 

3. The cooling assembly of claim 1 wherein: 

the electronic display is in conductive 1hermal 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. 
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