WO 2009/ 065125PCT/ US2008/ 083792 System and Method for Thermally Controlling
an Electronic Display Technical Field [0001] Exenplary enbodi nents
generally relate to heating/cooling systens for electronic displays.

Backgr oun Art [0002] Electronic displays are ical sed in

i ndoor, tgﬁﬁéwggﬁyé-controlled envi ronnment s. Althougﬂk¥ﬁgﬁ@gh%§¥%ture
surroundi ng the display mght be relatively stable (near roomtenperature),
t he conponents of the display nay generate a | arge anount of heat. If not
properly renoved, this heat could damage the display or shorten its

li fetinSystamand dethod tenVhermaliyC€antroliteg en Ejecwonid dDiepiay
traditionally been used to renpbve heat fromthe el ectronic conponents in a
di splay through as many sidewalls of the display as possible. Wile such
heat transfer systens have enjoyed a nmeasure of success in the past,
today's electronic displays require even greater cooling (and in sone case
heating) capabilities. [0003] Mddern el ectronic displays are now bei ng used
in outdoor environments as wel | Tgshmiedidieldi t uati ons where the surroundi ng
tenperature may extend above and bel ow room tenperature. In addition to
heat t [@BH] eExempiary hemagimenisdigegelly , retedei @t iheatimgatolingasgsiemsf faom t he
sun through a display surface may al so becone a major factor. In sone

appl i catdctosicaiwbldyscat i ons, 200 Watts or nore of power through such a

di splay surface is common. Furthernore, the market is demanding | arger and
brighter, sometines high definition displays. Wth increased el ectronic

di splay size nore heat will be absorbed fromthe sun and nore heat will be
transmtted into the displ aysBadigre@ipgties Wit h the anbient |ight fromthe
sun as well as reflections off surroundi ng surfaces, displays nust produce

nore | ijghda] WwhiGhndl shsdaiRi G | Wplcadpl ksed Nn "RIiBoh e dme&ariabestrdigdt he
di splay and/or its backlight assenbly

environments. Although the temperature surrounding the display might be relatively

stable {near room temperature), the components of the display may generate a large
amount of heat. [f not properly removed, this heat could damage the display or shorien
its lifetime. Conductive and convective heat transfer systems have traditionally been
used to remove heat from the electronic components in a display ihrough as many
sidewalls of the display as possible. While such heat transfer systems have enjoyed a
measure of success in the past, today’s electronic displays require even greater cooling
{(and in some case heating) capabilities.

[0003] Modern electronic displays are now being used in outdoor environments as
well as other situations where the surrounding temperature may extend above and
below room temperafure. in addition to heat transfer from the surrounding air, radiative
heat fransfer from the sun through a display surface may also become a major factor.
in some apglications and locations, 200 Watts or more of power through such a display
surface is common. Furthermore, the market is demanding larger and brighter,
sometimes high definition displays. With increased electronic display size more heat
will be absorbed from the sun and more heat will be transmitted into the displays. To
compete with the ambient light from the sun as well as reflections off surrounding
surfaces, displays must produce mare light, which also typically results in more heat
generated by the display and/or its backlight assembly.



[ 0004] Further, in sone applications the tenperature may drop wel |l bel ow
roomtenperature. Sonme conponents of an el ectronic display may mal function
or may be permanently destroyed by exposure to such | ow tenperatures. For
exanpl e, the performance of the liquid crystal material in a liquid crystal
di splay (LCD) may be effected by | ow tenperatures. Summary of the Exenplary
Enbodi mefo@04][ 0004E]J|ftlmera|rf sorag mpem:ttonsfthe hempeedenet mapdent weil befdvere i s
provi ded er mal cont stem n_el ectroni,c spl ay % Vi a
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an entrance, and exit; a 'secon as’ chanber in cl osed-|oop gaseous

comuni c &XPEwieithe pﬁﬁ@rr@m%%fc@e mwsdas@mst%ﬂ%taflal inig Byuid esytalgisiday and
p05|t|on i splay surface, said second gas
chanber ﬁaV|2gllﬁé§?%#@%§§ E’ rior sugfaces one or nore chanber fans
within said second gas chanber to propel gas around the first and second
gas chanbers; and nean gas which is contained
within the second gas CHIREEEY OTIHEAMS e iStithect of the present
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el ectronic display having a display surface, nprising the steps of:
provi di ngoRHo} §.‘iﬁt9mef§>"@%@@Imbwpd'@a@yw@ﬂ%nac6P$BMYS$‘#T835%? fthe s&ystﬁi% chanber

which is a i rd.ac nd gas
chanber |dﬁ as@g & o ’r" m1€a5ti El:g ﬁgﬁFﬁﬁ|@gﬂdaﬂeﬁéE %atfs]gcﬁa%@%}i? @%ﬁ%{ ng
i sol at ed sga‘acea nsmdtﬂn"et ogas sthagaserchavibgran entasfer andgxiipat sécoom gae

el ectroni ¢ displ.ay, surface to the isolate as; rectln t he, i sol ated gas
“nto. t he DECYRR 1o AASREADE0=Se BT CHETRTASHISE) Bt ghG R ATCe AL BB D gas
chanber ishiChet jag chémﬂ@ﬁbﬁ@%osiﬁaﬁeﬂ PoBicriof us tHidelbbRohis AisiBfs@fscd nto the
first gas chanber. [0005] Exenplary enbodi nents may contain one or nore of
t he ther @éld §@@Qﬁcblga$ edemees raving @ﬂ@ﬂohéﬁélﬁﬁtewrpﬂﬂﬁ%@ist PHEf ot Ay ¢ral
control r S&i t \/ | one or
in any co |na ?%'% ‘ELFﬂPé%%lrogm sgacrtga maU%ﬁac#{)?éeﬁraggﬁr\}%mé f”%ﬁg’éﬁd upon
t he partiseabrsa gaeohambéfseand mgeans for cooling the isolated gas which is contained

within the second gas chamber.

[0004b] In a second aspect of the present invention, there is provided a
method for thermally controlling an electronic display having a display surface,
comprising the steps of: providing an isolated closed-loop gas system comprising
a first gas chamber which is in contact with the electronic display surface and a
second gas chamber in gaseous communication with said first gas chamber;
forcing isolated gas into the first gas chamber; transferring heat from the
electronic display surface to the isolated gas,; directing the isolated gas into the
second gas chamber; cooling the isolated gas in the second gas chamber if
cooling is desired; and reintroducing the isolated gas into the first gas chamber.
[0005] Exemplary embodiments may contain one or more of the thermal
control features disclosed herein. A plurality of thermal control features are
disclosed and these features may be utilized alone or in any combination. The

precise combination of features would depend upon the particular cooling/heating



needs of the display at issue, which would depend upon the type of display,
size of the display, and its particular environnent. The enbodi nents may be
practiced with any formof electronic display, including but not limted
to: LCD, light emtting diode (LED), organic |light emtting di ode (OLED),
field emtting display (FED), cathode ray tube (CRT), plasna, and
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heati ng &1 W@de cEgnigedisPlgl o §V§tgﬁﬁﬂFP ﬂh? trslg98S chanber
anterior cthtb'é? dASRIoBdg THEAREE faH bhrde QRGBS ﬁBﬁH@%af%@ﬂbb%B%jﬁnﬁeat' ng

pl enum or cool i ng/ heating pl enum 'Heating el enents may be placed within the
pl enum i thecgeling @lemnm arnderr@asbwusndntq REoPst geRdaroHadtibe  ispistachgagas i s
foreed | abButdendhbst BB MAhe! dos Tl L ATRES ol b O8R4 ; LYRaBESHL 2
surface. may théen re 6t h enum Yor ~ano eating cycl e.
The pl eneearayid disptay sarfase aatxsodim@@eet fmmntherﬂrsplayraafadeg Peenugmtbal y, or a
conbi nati on he cool i m., a de endi n n the particul ar

G Spl ay. 58 anaahsader et s AcBe Pha kRt Aesn oreo0Rs B rBe SHEGR! rent s
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within the plenumof the isolated gas chanber. The el ectroni c conponents
may i ncl Ghambsnt ther gaponay b disacted: inte dhe frepmsosling iplenun Whered, is
processors . hesi stors, capacitors, batteries, notors, power supplres
|Ilun1nat|on devrces wiring and wring harnesses, and switches. If the

pl enumis being utrIrzed as a cooling plenum the cool gas within the

pl enum can further aid in the cooling of the el ectronic conponents, which
wi |l naturally generate heat during operation. Further, if the plenumis
being utilized as a source of heat for the display, the natural heat from
the el ectronic conponents can also heat the gas in the plenum reducing the
anount of energy which needs to be applied to the heating el enents. [0009]
A linear polarizer may be used in sone enbodinents to further reduce the
solar loading on the electronic display. This polarizer can be used in
conbination with the isolated gas chanber, or may sinply be placed anterior
to the electronic display with an insulating gap between the pol arizer and
the display. The insulating gap reduces the anobunt of heat that is
transferred between the polarizer and the display.
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[ 0010] Sone el ectronic displays, such as LCDs for exanple, require a
backl i ght assenbly to produce an i nage upon the display surface. The
backl i ght assenblies are typically a | arge source of heat for the display.

Thus, son%vg(g%%oi%‘hr:rgnts may utilize a constricted conveg n&ggqg@#sléemto cool

t he backli for the display. The constricted o 7ystem may
conprise a constricted convection plate which is placed in close proximty
to the backlight assenbly in order to define a gap. Gas is forced WO
2009/ 065125PCT/ US2008/ 083792 t hrough the gap in order to facilitate nore
ef fi ci @007¢ odnotigr chetrtsd fbawkd ingdt uliSze el yeoldied gEresystdrodismentaatagwal | of

the plenum may constifute the gconstrjcted convectiqgn plate. [0011] Sone
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Finally, sone enbodinents use a flui.d assepbly which co.ta}ig‘:t ca fluid
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anterior cavity which includes the display surface. Brief Description of

t he Dr #NAgEe[5669%] CRABRE: e HiFdEaSIEJATEAJNBNE HESt ENampPal eyt grent s
Wil besoflapikgient ispayasr@d! Nthedhad heayf lehotia 1§8haid@flinf siCaddmdron and

t he acconpanying draw ngs wherein i dentiical reference characters refer to
i dent i bapligaeyde.ande plefmchey function as a cooling plenum only, heating plenum

only, or a combination heating/cooling plenum; all depending upon the particular display
and its particular operating environment.

[0008] Some embodimenis may place electronic components used o operate the
electronic display within the plenum of the isclated gas chamber. The electronic
components may include, but are not iimited to: transformers, circuit boards,
processors, resistors, capacitors, batieries, motors, power suppiies, illumination
devices, wiring and wiring hamesses, and switches. If the plenum is being utilized as a
cocling pienum, the cool gas within the pienum can further aid in the cooling of the
electronic components, which will naturally generate heat during operation. Further, if
the plenum is being utilized as a source of heat for the dispiay, the natural heat from the
electronic compenents can also heat the gas in the plenum, reducing the amount of
energy which needs to be applied to the heating elements.

[0009] A linear polarizer may be used in some embodiments to further reduce the
solar loading on the electronic display, This polarizer can be used in combination with
the isolated gas chamber, or may simply be placed anterior 1o the electronic dispiay
with an insulating gap between the polarizer and the display. The insulating gap
reduces the amount of heat that is transferred between the pclarizer and the display.
[0010] Some electronic displays, such as LCDs for example, require a backlight
assembly {0 produce an image upon the display surface. The backlight assemblies are
typically a farge source of heat for the dispiay. Thus, some embodimenis may utilize a
constricted convection system to cool the backlight unit for the display. The constricted
convection system may comprise a constricted convection piate which is placed in
close proximity to the backlight assembly in order to define a gap. Gas is forced



[0014] FIGURE 1 is a perspective view of an exenplary enbodi nent in
conjunction with an exenplary electronic display. [0015] FIGURE 2 is an
expl oded perspective view of an exenpl ary enbodi ment show ng conponents of

the isola cooling system [0016] FIGURE 3 is t iew of an
exenpl aryt“g(grﬁog%%ﬁ]@ﬁt of the cooling chanmber. [0017] F?%ﬂ%aﬁm??’g%a front
perspective view of an enbodi nent of the isolated cooling chanber,
particularly the transparent anterior surface of first gas chanber. [0018]
FIGURE 5 is a rear perspective view of an enbodi nent of the isol ated
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t he pl erasen [ 0020] FIGURE 7 is a top plan view of an exenplary enbodi nent of

the coql | anber show ng surface features that may be included on the
ol onuniOd 082 SP7HH BpaTats FHbARS I ERAtt Al B BRSPS AL of ¢ he
| sol at egitreealim@r eblaNbesT thé bliehficdudded of trer dBehessddcntiyyodul es.

[0012] Finally, some embodiments may use a fluid assembly which contacts a fluid

against the display surface in order to cool it. The fluid may be a substantially clear

form of coolant fluid which is pumped through an anterior cavity which includes the

display surface.

Brief Description of the Drawings

[0013] A better understanding of the exemplary embodiments will be obtained from a
reading of the following detailed description and the accompanying drawings wheregin
identical reference characters refer to identical parts and in which:

[0014] FIGURE 1 is a perspective view of an exempiary embodiment in conjunction
with an exemplary electronic display.

[0015] FIGURE 2 is an exploded perspective view of an exemplary embodiment
showing compenents of the isolated gas cooling system.

[0016] FIGURE 3 is top plan view of an exemplary embodiment of the cooling
chamber.

[0017] FIGURE 4 is a front perspective view of an embodiment of the isolated cooling
chamber, particularly the iransparent anterior surface of first gas chamber.

[0018] FIGURE 5 is a rear perspective view of an embodiment of the isolated cooling
chamber, showing optional elecirical components placed in the plenum.

[0018] FIGURE 6 is a rear perspective view of an embodiment of the isolated cooling
chamber showing surface features that may be included on the plenum

[0020] FIGURE 7 is a iop pian view of an exemplary embodiment of the cooling
chamber showing surface features that may be included on the pienum.

[0021] FIGURE 8 is a front perspective view of an embodiment of the isolated cooling
chamber with included thermeelectric medules.



WD 2009/ 065125PCT/ US2008/ 083792 [0022] FIGURE 9 is a top plan view of an
exenpl ary enbodi nent of the cooling chanber with included thernoel ectric
nodul es. [0023] FIGURE 10 is an expl oded perspective view of an exenplary
enbodi nent. showi ng_conponents of the isolated gas cooling system [0024]
FI GURE 11 W&XPA%E5pl an vi ew of an exenpl ary enbodi rre%qmgsfw‘%ﬁgﬁ?eati ng
chanber. [0025] FIGURE 12 is a rear perspective view of an enbodi nent of
t he heating chanber, showi ng optional electrical conmponents and heating
el ements. [0026] FI GURES 13 and 14 are cross-sectional views of exenplary
enbodi jeCRY FHEUBEQ isz tog rdarl viee af apekampaer embodimeneoi thelcadled gas system
at i ﬁ'?wglaﬁd 0027%! Fl GURECf 15A and 15B are side views of

Ht's

or an i Bsr%b , ) ! S
exenpl 5 ?7 fpd _ ernReeeEindte ed convection cooling systemwth a
constrijgszy] FIBUREL1008 opl bRded perspective view of an exempiary embodiment

showing components of the isolated gas cooling system.

{00241 FIGURE 11 is a top plan view of an exemplary embodiment of the heating
chamber.

[0025] FIGURE 12 is a rear perspective view of an embodiment of the heating
chamber, showing optional electrical components and heating elements.

[0026] FIGURES 13 and 14 are cross-sectional views of exemplary embodiments for
utilizing a linear polarizer with the isolated gas system or an insulating gap.

[6027] FIGURES 15A and 15B are side views of exemplary embodiments of the
constricied convection cooling system with a constricted convection plate.

[0028] FIGURE 16 is a top plan view of an exemplary embodiment where the cooling
plenum is utilized as the constricted convection plate.

[0029] FIGURES 17A-17C are cross-sectional views of embodiments where the
cooling plenum is utilized as the constricted convection plate.

[0030] FIGURE 18 is a front plan view of a display utilizing an air curtain device.
[0031] FIGURE 19 is a cross-seciional view of a display utilizing an air curtain device.
[0032] FIGURE 29 is an illustration showing the components for a liguid cooled
display.

Detailed Description

[0033] It is to be understood that the spirit and scope of the disclosed embodiments
includes thermally controlling displays inciuding, but not limited to LCDs. For simple
explanation purposes, embodiments may be described with respect to the components
for LCD displays. By way of example and not by way of limitation, embodiments may
be used in conjunction with displays selected from among LCD, light emitting dicde
(LED), organic light emitting diode (OLED), field emitting display (FED), cathode ray
iube {CRT), plasma, and projection displays. Furthermore, embodiments may be used



[0028] FIGURE 16 is a top plan view of an exenplary enbodi nent where the
cooling plenumis utilized as the constricted convection plate. [0029]

FI GURES 174-17C are cross-sectional views of enbodi ments where the cooling
plenumis utilized as the constricted convection plate, %%030 FIGURE 18 is
a front pMEh?VTEW%8f a display utilizing an air curt @i’ 0031]
FIGURE 19 is a cross-sectional view of a display utilizing an air curtain
device. [0032] FIGURE 20 is an illustration showi ng the conponents for a
liquid cooled display. Detailed Description [0033] It is to be understood
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be well suited for use with full color, flat panel OLED displays. Further,
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reduced life span. Direct sunlight is especially problematic in causing increases in the
infernal temperature of the display 10.
{0035] In Figure 1, the display area of the electronic display shown includes a narrow
gas chamber that is anterior to and coextensive with the electronic display surface. The
display shown is also equipped with an optional air curtain device 114. The air curtain
device 114 is discussed in detail below. Optionally, the display may have a reflection
shield 119, to mitigate reflection of the sunlight on the display surface. Additionally, in
outdoor environments, housing 70 is preferably a color which reflects sunlight.
[0036] As shown in FIGURE 2, an exemplary embodiment of the electronic display 10
includes an isolated gas cooling chamber 20 contained within a display housing 70. A
transparent first gas chamber is defined by spacers 100 and transparent front plate 90.
A second transparent front plate 130 may be laminated to front plate 90 to help prevent
breakage of front plate 90 and protect the interior of the display. Cooling chamber 20
surrounds a display stack 80 and associated backiight assembly 140.
[0037] The display 10 may inciude means for cooling gas contained within the second
gas chamber. This means may include one or more fans 80 which may be positioned
at the base of the display housing 70. The fans 60 may ingest cool air and force the
cooler ingested air over at least one external surface of a pesterior cooling plenum 45.
If desired, an air conditioner (not shown) may also be utilized to cool the air which



| sol ated Gas Cooling System [0034] As shown in FIGURE 1, when the display

10 i s exposed to outdoor elenents, the tenperatures inside the display 10

may vary greatly w thout some kind of cooling device. As such, the display
i.on properly or nmay have a greatly r |ife span.
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internal tenperature of the display 10. [0035] In Figure 1, the display
area of the electronic display shown includes a narrow gas chanber that is
anterior to and coextensive with the electronic display surface. The

di spl ayostastentiesexi¢rsal egrtaqeped plentifn db. oplteroatleaithe dans &0nmde\dioply114. The
air cur 114 is discussed in detail below Optionally, the

di spl ayﬁg%aspaﬂgl\\%?%rref | ection shield 119, to mtigate reflection of the
sunl i grgeaaa] thederdhg b &G ISBEfR @enboditdetts @ dthd eolaitad ga@ do@mgemambement S,

housi ng_70 |s referably a cal or 'ch eflects s 0036 As shown
'n F o BT BRI o FohB8S PR PBPE 2 ey @onc  udes
an Isolcam@egae aaglitd G ae aaher %i&@lt@tr@%bamﬁtmme@odlﬂfé @étoh@tg‘érsng 70. A
transparent first gas chanmber is defined by %tcers 100 and transparent

front [NaMEEOEPMNiIsEsEdinding RIS PEr Eht THE FS’ﬁ‘E’ o 39 'RiRyS Bethpdmsinadled to

front phabss %ht’h%é‘@cﬂhtéﬂ @Béo P]b%‘éﬁ%r ob i EesHntiR L8128 RO RfHhact the
interior of the d ol i ng mber 20 surrounds a display stack 80

and as s%’dﬂ SheckpUsinaKdT |t@ehtilsal§§e ﬁ@p@zusmtoe fir@aschambend® s papitopesdiyionicl ude
means e LO0k Mt é‘ﬂﬁr &e’@t%@ﬁ%}&w&d@ é@&@ét&'ntﬂﬁze%l@at t%}t or Hiiet mEAns

may |nc u e one or ans e positio base of the
di spl aygoheuynaigs 7itat Mlest hapstively atgcli mge@splapc’uﬂa@ér Amadpfiora diltehénatool er

| ngeSt eflohf paY B, izFRSssO0 SXLENARle AU AR OCAUROBLEI L AL ORL! 1O

pl enum esire an-arr conditi éner i atilized
t o coolfirdilgasahamidri 3th WO 2009/ 065125PCT/ US2008/ 083792 cont act s t he

ext ef Ngho ol tACS MioB SR s afthd S A akEhdront 0, F4nSed eIl Y [ ngeSt

nitrogen, helium, or any other transparent gas. The gas is preferably colorless so as
not to affect the image quality. Furthermore, the isolated gas cooling chamber 20 need
not necessarily be hermetically sealed from the external air. It is sufficient that the gas
in the chamber is isolated to the exteni that dust and contaminates may not
substantially enter the first gas chamber.

[0040] In the closed ioop configuration shown in Fig. 3, the first gas chamber 30 is in
gaseous communication with the second gas chamber 40. A cooling chamber fan 50
may be provided within the cooling plenum 45 and utilized to propel gas around the
isolated gas cooling chamber 20. The first gas chamber 30 inciudes at ieast one front
glass 90 mounted in front of an electronic display surface 85.

[0041] Referring to FIGURE 4, the front plaie 30 may be set forward from the
electronic display surface 85 by spacing members 100. The spacing members 100
define the depth of the narrow channel passing in front of the electronic display surface
85. The spacing members 100 may be independent or aliernatively may be integral
with some other component of the device (e.g., integral with the front plate 90). The
electronic display surface 85, the spacing members 100, and the transparent front piate
80 define a first gas chamber 30. The chamber 30 is in gaseous communication with

pienum 45 through entrance opening 110 and exit opening 120.



[0038] Referring to FIGURE 3, enbodinents of the isolated gas cooling
chanber 20 may conprise a closed | oop which includes a first gas chanber 30
and a second gas chamber 40. The first gas chanber includes a transparent
pI ate 90. The second gas chanber conprises a cooling enum 45. The term
"isol ated %%%ﬂggl?ﬁé’fzérs to the fact that the gas wthi n‘p %ﬁp‘?é??ﬁ%d gas
cooling chanber 20 is essentially isolated fromexternal air in the housing
of the display. Because the first gas chanber 30 is positioned in front of
the electronic display surface 85, the gas should be substantially free of
dust ofo@td)erAscemmaniniiag.ed & pastendrghiface gaties sy gas teambened dietpkaly i mage.

An optional L (not wn i I 4 i eventing
cont ancRAPASe Ll et Bhle ST R £ witibe KBRS RS AL M S6PEREGRS] "he
i sol at edtrgaarrswgasbehaahm%o ﬁ:myergeanapamramay grasontaas raaaafrerttmmmdrsn’mly air,
ni trogen or any, ot her

el
Lol or P &Rt e tattas RO inh A et iRe e ap Erd ey BuTers 301 at od

gas coehhagesehashenva@voaest misfae@e@,sﬁdsmltrre kescheniRlidtal ufzeadsednf rom the
external air. It is sufficient that the gas in the chanber is isolated to

the exCERMPIRACTRISIMEHE e rRIGRHTHYR %W\%Yy SHERCSs B s BRI 92| Eheeﬂ@séﬁnqrhe first

gas chaphgte of PRA4VL @r}; &ﬁ@n&ér%%dc@ﬂﬁh@@%é %Frrﬂt‘élé’é%ro%@&@pi'ay‘ sEHSce the
first gas chanber 307is in gaseous conmunication wth t second %
Sl i ng

chanbere® A thedrenigsuwtsanber af MRIBD aigpjropls gisblay ded t\‘hﬁt&ﬁaﬁﬁ@@r@fc

pl enumy opel gas around the isolated gas cooling
chanber@gﬁpﬂ%&gp!s’?@'g%ggeﬁ%amer 30 includes at |east one front glass 90
mount ed0@48]f rlrmran exEmalare beobdiornt, e siddipnsuispaes@tce TN 4Dht Rafedding to

U T acarHS A BRad B2 TGRS 2 onl MRS o A0 RSB ATe o' Gonth

of the nnahemWisplwneedfaqma%r ngri trafispamentofronthelatt eeld,r ooi optosgl aeyccsrrir face

85. The spacin rs, 100 may be independent_or alternatjve| be

i eqr PRSP RGOS HAR DR BOIRSRES T DReihoyi Es Dy aes T W b t he
front pkas @eclih intdlteacdety @mh ¢h<—:dt§"ﬁr| BiviteS Wit acgatbmatdial BOAC hOgndeRigber s

100, and the transparent front %e 90 define a first gas chanber 30. The
chambere@reds Fugh 8%1@%@“'86#’1‘%%% CeROHOEH ot Eﬁ‘tﬁﬁ‘)@r‘mﬁﬁ%%p%ﬁ?ﬁ‘%{nce
openi nguAd% A Eire PBANGEY cbAarim 2009/ R0RIZRFEANSIROBRIRR 9304 0042 As
shown in Fig. 3, a posterior surface of the first gas chanmber 30 preferably
conpr i $&yvavRe byl lé&'?'ﬁ@ﬁh% e&ﬁ%’ﬁﬂ'ﬁ)ﬂiw}f aw@ce@%ﬁsﬁm%paﬂemraw@paoﬂealsﬁ As the
| sol at g % éd?n édtr§c§ %ﬁ@ﬂ%go fer LA AUEES &S rﬁwgﬁctdth%pbfs% r‘r‘rO“t acts
t he elect oni c ay sur ace ntacting the cooling gas ctlyto

t he el develng ttrmimpﬂhaydismw af@ﬂbﬁrre@rharr@e@e\nmwdlom/égbtevenﬁeaeawatnsf er
away fr % rectroni c display surface 85. In exenplary enbodi nents the
electronlc |sp ay surface 85 conprises the posterior surface of the first
gas chidden 30&109@0:d)me:i|emgjq¢i;medftesrtcevnmfriejeecmeoeiearcﬂi%{s il spiays sunrfaaeeds,r ef er s
to the front s ical eec dis in the absence of the
enbod: seHE meiEEehePerdinG (o Bapniethe s BN EE) MBRBE ACHBR TS Mone

el ect r eiictroflicsplbpiy ssurfaasesBSor fis Oﬁher’p|ca:ﬁ1©or9éhts acrrdth@pt;yswml ins e dof r ont
plate 130 may be conpri sed of a gl ass substra However, neither display

Sur f ac&SRRTTRER anSIE 25 Pl RPave e OPH%“ RSPIBAAFS SbE¥NESYIFaNs par ent
front mh ate efddnead MRGAS A klatrBRicHigssy kit 8b hﬁar %%@qraﬁ%ra@y be
used herein interchangeably with the termplate, but gl ass material is by
no neaR{le efailicel crigitdienay 645'&:& Flaft cHawgmraﬁlﬁwr ﬁﬁléé'SBEYcFe'éfé‘C@rﬁ”taYhave to
cOTPr | 8 4NELR9! SRbRIRHE! Gafe Wl OLodiiE L4Ent ARRERTRRIIQIREL BR. A1
addi ti onal ate nay be use wever 't zi ng t e electronic display
sur f ac@r@‘sraa@ ohallopoisie exopivrg gae nalbe fvﬁlgasmamber gaso contpalr hawMCiB0IC t her e
may be r [ i t LSl r t he

di spl ay. S%}—%&rsfbﬁﬁég én%r%g:ﬁre;fﬁ’/e @2‘3?%"&5 ?%/bii\}% fiy ﬂtr%*rgf%rtn%%\é%egg% tF7?531%%%}}

manuf actuonpenents to the circulating gas will be maximized.



[ 0044] Al though the enbodi ment shown utilizes the electronic display
surface 85, certain nodifications and/or coatings (e.g., anti-reflective
coatings) nmay be added to the el ectronic display surface 85, or to other
conponent ystemin order to acconmodate the &92: or to

I nprove tﬁg9%%%@§g$ performance of the device. In the'e E%Q%ﬁgﬁ% shown, the
el ectronic display surface 85 may be the front glass plate of a liquid
crystal display (LCD) stack. However, al nost any display surface may be
suitabl e for enbodi nents of the present cooling system Although not

requi r §3045]t Reserpneterigbfethedroal pigie Bhe! theoirstirgpsgamber BRds franspares

chanber 30c Lo 6BALAL S NL 6 RS IRl RiclRBlgY it aoe Shedbrant [pyhn thi's
way, t Re- corvecti Ve T ransfer of heat Fro he di'splay conponent’s ¥ the
ci r cul agpragergabe vindlentmnt mexheiizeated J40 20QY0BE1RSPGES UB2608 (BB3792 [ 0045]

Referri to, Fig., 4, the front plate, 90 of the first gas_ch er.30 is

T anspsPand. kSt M rardis ehRs 0o Shainstephif e APE- S TREGIER 1 Sce

;35. Thaltawgw\/soh m@ih@gfg@temmhembetdbﬁigrrwejlrrmm% tfe gdreiniciibbred adri:ﬁm%lhh gpough the
irst gas. c er . As. shown, the |[sol ate as trayerses _first gas

Chanbe R oseh IRt 5 SHARTENA PLPPerNS APE Hba R, CUURl HECEoRt KnisoMiey bo

desi gngctilsp ofRYRtahiieat8@so i dhtdt thB§irstagdRosHamsir 0, BeyawMabhd ¢kaldior@et i on, it

is preferable to propel the gas in a horizontal direction. In this way, if

dust oPORBRLAFAINGS MPEHERS e VieWasle §48 iHansisIB0, TDAGYSAM Maend  t o
fall tehdveiPRkOMgRl of RABREvRY Rut & B8, OlarbhdeVdRRRIRsar B8 red: Jobe

di splay. The system may nove air [eft to right, or alternatively,” right to
left. Ahe@pet Be iigadisttiraueh &l opreINGi 128 dborenindér0 ZBfings the erranseough

exit o LR ] i defines the entrance junction into the
rear c@ﬁ#‘%%‘%%ﬁuﬁéh@&%g%@?ﬁ%&w% 5 shows a schematic of the rear
cool i n{ogAGnUMEURE Gsthated ashamalits partientrebiocoeiqpl alsatimolust@ied as nor e

fans 50 within the plenu provide the farce,necessary to noye,the

o at da et oD &b Mo bk h S S0l RIS RO SERTA al BlREb T o
g_as ?:hwrbeﬁa@a@ssms é(ﬂeﬁ:ivgl‘tﬁd imat@%gagcmédl@atthbgmﬂeb@mdcaaﬁ o&ﬁm@br.} he )
|spa,te econ as Ccha r | S elgn to tract t t romt he
e Lo dass B R e i pe o oG ost o e BRE Tormbor . 40
may have WiRpiagUsheCatbad igas ahdmbeAuyrie sietionse o eRPatiRe hBgt irbihehBaas

structures within ae@gl ven el ectroni c di ség%a application. [0047] |f
desi r e@NAV@PPHRIDEIEEfTPBHNE coBlRsoratpler ¥engIche@geany M rhave

t hrougheudud Bents@eoiHd BagiredahetoRoadizema! iREhiPNinGcRASPRRRAL S gRBA may
i nclude, but are not limted to: transforners, circuit boards, processors,

resi st gosiropigskapiavanplicd@nt eri es, notors, power supplies, illumi nation
devi Cezeoddl"?‘r]”lf“%eéi'ﬂéb,‘t"‘hédc@g P%Eﬂg@ﬁ?e&m nfMJoBNe s, J@ﬁgﬁse‘a‘)@ﬂ%ﬁé}és can be

nount e ectly on e wal he  chanmber or suppor on rods or posts
209. ThHusyghdut tiopetdang galsemambeadObd heéeglégromit campatentnB§C exayriagtiddheat from

the fitrs a . r.. 3 | so.10.coQl .th [ | ectroni

corrponéHﬁ 3%58{: nr?ﬁ%%ii? i tg%%‘f'{%r{/n’aergasc@ﬁastgol? g%sd pgéﬁ?ecﬁ\%/smi' ? é'ﬁ%tgrsl, §8P§?E£§gs‘gas

syst embesernisse dndtorsheaivet Bepplicspliaynindthoe ed\éadst oviirgy eadpanenthsrreapegssi st in
heating the.isol ated gas. 0048] ,Referring.nowto FIGJRES 6 and 7, various
oo f acan SRS HE5eEy bR adeh HamPHPQ LCHNAT te SR aE 0 STATHHA o

pl enumpd supddreseors tidsasrepdseabod. eThdSGhprcouiifteplBBn @ Sl bassighapid gotr adi at e
heat avvaPi/( fromthe gas within the second

as WO
2009/ 068V BPes) gD Heg) Hedreyyas chamber 30 bu?aiso to cool these various electronic
components 200. (Additionally, as discussed below, if the isolated gas system is used

o heat the display, the electronic componenis can assist in heating the isolated gas.)

[0048] Referring now to FIGURES 6 and 7, varigus surface features 150 may be
added to improve heat dissipation from the plenum 45. These surface features 150
provide more surface area to radiate heat away from the gas within the second gas



chanber 40. These features 150 nmay be positioned at nunerous | ocations on
the surface of the plenum 45. [0049] Referring now to FIGURES 8 and 9, one
or nore thernoelectric nodules 160 may be positioned on at | east one
surface of the plenum 45 to further cool the gas contained in the second
gas chanmbdYC #?°%Ha t her moel ectric nodul es 160 may bepqélz%ﬂqsmsé’%zendently or
in conjunction with surface features 150. Alternatively, thernoelectric
nodul es 160 may be used to heat the gas in the plenumif the isolated gas
systemis utilized to heat a display in a cold environnent. [0050] FI GURE
10 showbamhereienpllasg iwatiied 160rmaemevporyicnedt ati murtdreug ascationt annéd i n t he
rear pl eﬁumélﬁ E n“&ﬁ y be positioned to ingest air and blow that air
acr oss “t'Ha"ARt g?ip&n ‘posterior surfaces of the plenum 45. Again, fan 60
may i ngesA9]aiRef@dinginbivonetIGAIRES Btaddthendi gphery theuwsiargtOmotiuleay 681 npl y

i ngest anbj ent surroundi r]% air. Fugﬁther n%re, in this @otgfiguraéi on, fan 60
may al S ?@QSEQP'PechEtatt S G S ErEr At PRPIRU P el UTEET ERR 1BF &8 oni ¢
di spl agofRird intthe e dus haftbeBloantnd BeerhaelkkirghhoaseemBbymagd@r to
further inprove the ability to cool the entire displ aﬁi%lt shoul d be noted

that tP8d eRBERENASALY cln becasmbliR Vil tHhrieRe oHYeT i tied  OBRTEEYELN
cool | ngndreloBRAR! REUAES d6h Talrbalibedd) A¥A: HEQabeALRIENINAUSTeaLsaZRY Xt

t hrough one or nore apertures 179 |ocated on'the display housing 70.

| sol at @@s Sgsichdatiiirgddy Seeia figpBejn Asowiviremeantabove, the isol ated gas
system b k- zed | S0 t I ISP - r{j.ng to
FI GUREé ]a(r?]:cglé%{,é ﬁgaiﬁ %%ée eﬁgﬁlﬁétagggn%hggbﬁpp%ﬁgtg ’5’3 bmé%hfnﬁ%@%edagecond
gas chanbmediOn dmslrasp eteauen 4 Wwan B0thay bapoaisionad pasges araroiuygbwithe second
gas chanber 40

vai | ol Mg Geanonte PaRefERIBeBs e W 85 Repl) Bt ebhose

el enentigyeat @airscomaltipnad reat gig e Wipkly ooy 18 a haglirepledbgest almbiesi st ance,
and t hus aen rat es F_he%t when, CLg]rrentf. fl?.vvs faﬂréﬁ’ﬂ]h Ié{}\i The heating el enents
can be SUBHY RS Aot YINRIPYE: oM IGHEIGR: 1REEY BIaY ih ChrERRSHEewi re or
ri bbon,hegE§@RMNatiHG dingshraRisad /16 ERBIENIE apks ([@ePoBk LRBIg ok S ihasul at ed
net al ﬁ?general ly steel) plates, Cal Rod (éa%gi cally a tine coi|l of nichrone

wire i Wagkiger 28PMBly ndfh | 1o JEHMYIIMRISY &% 2PhilYg e ReR!ale U Fispiat Ml anp,

and PoghbiMee TNREERar #oeEhbehigtint CET 6 @ikl $lReohshiRBdconvdon
2009/ 065125PCT/ US2008/ 083792 [ 0052] As di scussed above, the plenum 45 may

cont ai oglingceinedidiscoaprshiarfesaiTRIowIT 6h hpdiRerexaRes! GBMa0exit hEoUSh&®er oni ¢
di spl ay, Jhe aBL@GEE '1?§|§oc%%@mﬁlgto§srﬂ@h&%i g.one of the follow ng:

transforners, m croprocessors, pri d circuit boards, power suppli es,
r esi st dsaiatecipas Heating Systasns, wi ri ng harnesses, and connectors. The

[0051] As mentioned above, the isolated gas system can be ulilized to also heat the
electronic display. Referring to FIGURES 11 and 12, heating elements 220 may be
located within the second gas chamber 40 and operate to warm the gas as it passes
through the second gas chamber 40. These heaiing elemenis can be any one of the
many commonly available heating elements or thermoelectric modules. Many times,
these elements are simply a material which contains a high electrical resistance, and
thus generates heat when current fiows through it. The heating elements can be, but
are not limited to, any one of the following: nichrome wire or ribbon, screen printed
metal/ceramic fracks deposited on ceramic insulated metai (generally sieel) piates,
CalRod (typically a fine coil of nichrome wire in a ceramic binder, sealed inside a tough
metal shell), heat lamp, and Positive Thermal Coefficient (PTC) of resistance ceramic.

10



el ectrical connections for the electrical conmponents 200 may pass through a
wal | of the plenum 45. The el ectrical conponents 200 can be | ocated
anywhere within the plenum 45. The el ectrical conponents 200 may be nount ed
on the posterior _or anterior surface of the plenum and unt ed
directly 0?%%063&3 ace of the plenumor may be suspe?ﬁfér%%ggﬁﬁ% ting posts
so that gas may pass all around the conponent. [0053] While the display is
operational, the isolated gas cooling systemnmay run continuously. However,
if desired, a tenperature sensor (not shown) and a switch (not shown) may
be i nc B} atfeddiniudsed aboee elhegtlermmn ctodimsipl captaiTielesirical thmponstiat20fay be
used to d tecv'\tl r\/\/n%ln tﬁrrptgraiurres. hav re.?.fghep f slredeter i.hed threshold

val ue ATt &Y iCelgCuRE SHICEIR HeRlohe Lo PEET T LTSRN E VRE RV he

t enper aher ef ithe fhiwdtis plransfereacd) esicopoesszioes, nbrireed \ovkuie . bor@xlep@ran ned
tenperature threshol ds may be sel ected and the system may be confjgured to
heat ,  CUBPIESor CEBER hEaRAUAG CBBIOTE h¥ s DRV ST adVant e Eety HEBp t he

di spl aiamidal BordiechemeRt &l SletiftR RbATIdRENTE BVYEna-baRAthrddghal WaEbf et h
Optional I nsul ator Gag@%0054] FIGURE 13 is a cross-sectional view of

anot he P'&E%ERHP-ar )¢ EIREERNEHPPIEN ISR FrET R [peRieR) arywhereoriihia Raup'enumn t he
ar r angeBentrx1a havktricdi e rhpidhisP bad endP RNFhoBnRBCOMNANns rRRterl & Carksfhrmay be
conprised of glass and may be |am nated together. The first and second
front pHfiats ol e ﬁiﬁaurgoan%mabé)ef mgegtet sligaty andhasrriaga pf Bel pigeymMotr i ndex
mat che | i H%iﬁ%l | i spl ay
st ack g&%@%@ﬁp@%@ ﬁ”.ﬁ% %&éér g‘ss'fﬂ zflﬁ’[l ggésse 3?9%5@#?&&%22%%8@%?%% a
front M0 Mhillle aisgiay iseapergidral,i theris@ated pas aohierg eptiech memtsin t he
di spl ay_stack 80 ma .any.. ot her f ) L.y, for. any_oth pe of
el cotr SRS PVaRE B B oS o RE P BT E T bRl BB o AR (AP T on
gl as?] lshb'lml‘;)zmaycﬂmf Ehmmﬁmi w'shihahefaleie@apnia(dﬂbplé@h?mwssml tabanosgatpmagfﬁaeser Vﬁs
to therma separate. the ont ass unit 20 raomt he stac 0. This
t her SR S ARERO R AP cmpralfi a e BRcb bikod vt BTN FARECHEr ¢ nan
al | owi nige seigied | @edingerdf mhpeel s8kesihv@tkenddgeds@tleh Nhe adbRkireNinwWhHeh t he
i sol ated gas system the insulator gap 300 nay conprise the first gas

_charrberdi 34 rPﬁCQﬁ%Predﬁﬁr@ﬁﬁgl"fi@51 Qﬁ@?fwﬁ?@ Wgw?t@ﬁﬁwﬁ*%@ﬁw? t he
i nsul ats@lec@APaROhd B4R HHEHe WohRQUbd thehea Uodl aft (GRS heYShaMcabipky as a
| ayer of insulation Tromboth the anbient air as well as solar | oading.
[ 0055] Cigpayde eerantpemishpasdl thadipriadvethin an petepialle iswep@graiddds. second

surfac ,%%E; e be exposed to the elenents; while
t he seg'(')n S%o}{&%%v%@%%&ﬁ%ﬁﬁﬁ%ﬂépt he first front plate 90 by the
i ndex neA¥edIGpRtcad iadheveyec@dbal The 6f asathér exemphet enbodimept fave a

third 9 fourth f 204. The thj f 09 b
1xed EHOIRE s B0FE oAt o™ e eBieny Bwh bl RE P Bnost ve
:2),8(%; \l/vlsbbca'udﬂmrw;{)meuBoinwyfk?e:eormmeeld@f@Ease@hurnad?@mgmmatbagdg{eﬁqdrgs’“lmb?t or gap

. one enpodl,nents ecrease e solar |1 0oadln orT, e dl spla
Stack 6 AN SnarayEnl raneh Jabere i e, Bral, onduntler bk Pefevl Shat i ng
may be iRl rhadhédopitel Adigivesurifiacern2@Zoangatdhenid 2op. t TheushiagetadR4o I n

ot her enbodi nents, the anti-reflective coating may only be applied to at

| east SHY SAMRIRE RillAde credRlargemply 1R '%@rp%ﬁigP?IW@ﬁPfaa%@“tZM?“%éﬁ5209, and
204, r epBRRCkhYBbMrizdrA026]in BiHeRELEdihéntd 1RE @%%?a@%@édk%ﬂnay 'b%"&n?foii?é‘r()t her
exenpl ary enbodi nent of the front ?Iass unit 206. In the arrangenent shown,
the frote of asserply fonesy cogiryee 97 Piedosirddicplent pPraspacespetweenaiper of

i ndex e td i 1, kn ol arl 4 d irst
front g%%%g gggpfﬁgab?2g§?ﬁ%%ﬁ%%%23?95%8 ﬁ%&@%é&ﬁgﬁ@ﬁ%oagggfﬁpéagpgone of
the fi irswjalieregamdfo shived torthéronaily lseparnateatesir@ui2gla08nit 208 froanthe20dD
respectivelys i Lot i L ed. |.east one
o Fhe R DR b hocdi BBl e R e 0B 8Bt st e,

r especilmeihy.soEndoddimpaf thpol @Di 2@sk. 40Qisedyn Bemblnagoe dvitv thb isdieteti rgast
polarize% ZOghfouqﬁ gn the3 stack 85. gh§.%nclus'on of @ Iine?@

ol ar i S6re0dn? AT S, 3T 280 GRIP Sode st fes coaePaacls (MOl ar | oad
on the display stack 80. The reduction in solar |oading nmay significantly
reduce the internal tenperature of the electronic display. The |inear

pol ari zer 300 may al so cause a reduction in specular reflection of the
front glass unit 206 and the display stack 80. As discussed above, if used
in conbination with the isolated gas system the insulator gap 300 may
conprise the first gas chanber 30. In other enbodi nents, the insulator gap
300 may be used without the isolated gas systemsinply as a | ayer of
insulation fromboth the anbient air as well as solar |oading. Again, it
shoul d be noted that the display stack 80 may be an LCD stack, but it can



WO 2009/ 065125PCT/ US2008/ 083792 [0057] It should al so be noted that the
second front plate 130 is not required. Enbodinents nay utilize only the
first front plate 90 with a |inear polarizer attached to either the
posteri or “szo@?(ﬁ(;%i or surface of the front plate 90. o Q&ql;/éz{s‘?le ective

| ayer may al’so be attached to either the anterior or postérior surface of
the front plate 90. The front plate 90 nmay be tenpered for additional
strength if using only the front plate 90 without the second front plate
130. Constricted Convection [0058] Sone types of electronic displays

requi r éT@oPiars. ghe iasdaiablonri 300 mgerbe oisge neinaue thah Isalige aasosysienti ewabl e
screen,. 1 i AL il S0 sght assenbly.
Q her g;tkogfi %? i%iegg igy%,gﬁt)srﬁ%%rgg?mpﬁésana itspl ay‘églg%%"c’@%ggé@ggb not require
a backl00§s] dssessbbnd &ent hayel gemehave al firghsurfdoen®@ wes .a Howedeufachese

types di.spl.ays stil enerate a significant anmount .of heat. T , In the
toF eqolhl doBdPseaie PRTRR Sl His SRMerEh R Bt B scr [ bed
W n; hd_r ggamhyt ise mbématohhé diket f:gssp&atﬁd 90 Etblﬂﬂie indes fmme;.tbmbd)e;lnt'rwt aﬁhTetsl'm@t 2athe "
enbodi pent.s can racticed with other t s of displays. erefore, en
a backHﬁ@ﬁYStJFO"Bé’&gi@h‘f’aﬁgﬂ%ﬁl ﬁhg‘g Séﬁﬁ@%l%@?ﬁ?e@l%‘fﬂb%‘&%&?sg%l &B@ coul d
al so benifchsuriRar2URLE3aRs firdd @f IRl shrat- Benesiatl TR0 8 3P avexamdichbe
constricted convection systemwould facilitate nore efficient cooling of

these &PIEY AabesivA Spi:aykiie the faBurasr SBabEE FUEEY efateEilyi%e¥sY/sRr 158 and
Fi gur e@a%?aﬁe.lms%@ dibodMRERSSRY ddcredeAWB dofir SRy oflihe digliaf s1apsBbP
between the el enents nmay be exaggerated for explanatory purposes. [0059]

FI GURE 216 Anpligyasheaviewais inees feidi, aniaairefieaiive coaiid mghbe ppolied torihehe
const ki AgamIGELh ORIk 3Hce b2 SRBEREIMERReABNL T ERLES
defines a narrow gap . e dinensions of the gap may vary dependi ng on
sever alcoftirgt wayg chiydleuatpigdtihet iazeonwd ot the fitsls pbagnd, ithisl, op &rwithi sugface

condi t i,QRs t f L j.ght assenbly and its posterior surface

mat er i gﬁﬂ %On%eﬁ%,ea}'rﬁﬁzr@erré@%gt]ﬁg wer applied to the various constricted
convecipess] f enSURBoONEisexenpi-asgticaabosi mtahstheagxemhplhiyzembodiapntdisthance of

imately 0.25-3.5 inches. Qh nbodi nent iLi slightl
F ger TGab0aks CAGE0Radn e BTar eI SRR g AP G gR ehe SonpSa0d Y
i ncr easegoridoriidié 4 30,1 01age0df itdex rhaekbd aplical 4Qnede2®r, ambier S@Asidri ct ed

convection fans 310 ma]y be used to pull air thr outg% t he gap 305. FlI GURE 153
shows 408 &ika SEd fiopghait, PowTBE IARRIt ARAITIZENGDS Oty 86 5 /AR 81883792

of the first, second, third or fourth surfaces 202, 208, 209, and 204, respectively. Again,

anti-reflective layers may be applied to at least one of the first, second, third or fourth
surfaces 202, 208, 209, and 204, respectively. The linear polarizer 400 may be aligned
with the front polarizer 209 found in the LCD stack 85. The inclusion of & linear
polarizer 400 in the front glass unit 206, further decreases the solar load on the display
stack 80. The reduction in solar locading may significantly reduce the internal
temperature of the electronic display. The iinear polarizer 300 may alsc cause a
reduction in specular refiection of the front glass unit 206 and the dispiay stack 80. As
discussed above, if used in combination with the isolated gas system, the insulator gap
300 may comprise the first gas chamber 30. In other embodiments, the insulator gap
300 may be used without the isolated gas system simply as a layer of insulation from
both the ambient air as well as solar loading. Again, it should be noted that the display
stack 80 may be an LCD stack, but it can also be any other type of electronic display.
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enbodi mrent for the constricted convection system where one or nore
constricted convection fans 310 push air through the gap 305. [0060] FI GURE
16 shows a top view of the isolated gas system as di scussed above. The
cross-section l/i 012_17- 17 is shown passing through the_ isolated gas system

[ 0061] Flm 74170 show cross-sectional views of THEI ¥ Hection t hat
is showm in Figure 16. Referring first to Figure 17A, towards the front of
the display is the first gas chanber 30 which abuts against the electronic
di splay 80. Anterior to the first gas chanber 30 is the front plate 90.
Towar d§0a57¢ rdieahoud aldwe beti spledythat Hiee bmckhd dhini 1gi8tei $3pliaced reguicdse

pr oxi m t e _secand ga h r 40, In.this arrangenent, the quter wall
Pt % he Entbeat IS o5 e B PR ot Platt, Saeiina PeAORATRRL andodt: o

pl ate. gﬁh\ér&hélﬁﬁﬁd?@f&ﬂ%arﬂ@&ﬁ_ sﬁd_aceubi ﬂhbzf@na?i@mﬁsw.r i&c_tag\ﬂeeimﬁ\é;eaiybomagan, _but
i nst ead, uses n ich ingest air fromoutside the displa ousi n
and { oPBEcR RUGEE DiNet HecRuEndl Ot P SRS GHEIo65S) SHa BT PG, S THBt od
above, frohi plag) 80 MR iS¢ FEhYerBE feMBdiE@IinaRklrefd:h al E&ﬁ:!ig?;@hiy\’sﬁé Yrohhbftaibd may
come froma conditioning unit (not shown). To facilitate the tlow of air

bet wee® 'R tBaeREIGHIOM 28127éCt he cool i ng chanber 40, a guiding device 320

may be cgeehictb@SaleBgderring now to Figure 17B, the cooling chanber 40
contains a guiding feature 41, which is used in conbination with the

gui di ndPW&i SenBRiyres df agjettraria displeys freawrol backliphit agsemihhen bedsklibght and
t he coql] C - . r IR r h the
ext er naP I SOyt L w0 AR o PES oET 6y LG RS
enbodi merckightibeseattsp Othdrityeesaof visapEyonsweh ddylagua dispipydend CaElxhaon i n
Figures 17A and 178.. 10063 he backlight 140 nay c rise a printed

ci rcui tno%{)egyge (aP%ﬁ%%[‘tt %ssglrrkg];hga?ﬁyyg% r?ﬁeglllﬂ%é t'ﬁ%ﬁﬁi\% t goWﬁ\é s hféef aci ng
tEe ;al ﬂ;iesocﬂi(ﬁspﬁﬂ&y&pkt&lyg@{bratﬁh@lsignﬁﬂmst iamouheogae%ﬂ. [ @hﬁs,ﬁﬁyth@?cr@lggingne of
the followng: LED s, organic light enmttir i gdes, ED), fi emtting
i Spl e HeR. Mg hensArEd g vBoTer e o6 Srcgany o regard 10 &

el ectr @abma%hmss@ > buEklsholiddY Soted thathe SpBBLRTSAtE BROEE MRdtkiced M@n

backl i ght 140 woul d ideally have a |low | evel of thernmal resistance between

the si @der d¥pefyOf KEsSPRYECt MHRTEOTEI ey gencklightt drebasiahty assenplieheargecond

gas chamgésedtheds CREPINLE g ol boef i t he
Dacki gheo70 MoeBe BT Ual g R MR e TR PoROR ARl

t echnoKisg\aye 6nél e ARIstigieth serechirn ysiam o actifie Imagaedicienheoelegrofsur f ace
of 't he 4 3000/,06A4P5RCTL LESRA0BLORATAZ Back FglicsL 4D FBY ks be.
ot her t t her "enhance

metallic, or sone ermal’ly conductive material, to fur
t he coivacht7iOvareheaitnaceasasie drawigiopsaier ffiheseldlihestip bbveennthy aereenthave a

Do 2 o LA Bl SGRpangl s, Lo Turtner evnance the
310 nuyoaseen FERUBEEL heA velromsaar crosd-sedtioan! exchaos tihd Hhckigmowaoi witkrigare 2) so
that | tCOl’?S%P{{Cth)I( iogm}e% |or$I ipFé?el; %Xo,htﬂg Ssipgge Sgtt\/\jeregltxé two features defines a narrow

gap 305. The dimensions of the gap may vary depending on several factors including

the size of the display, its operating conditions, the type of backlight assembly and its

posterior surface material, and the number and power applied to the various constricted

convection fans. Some exemplary embodiments may utiize a gap distance of

approximately 0.25-3.5 inches. Other embodimenis may utilize a slightly larger gap. It

has been found that forcing air through this gap 305 increases the ability to cool the

backlight 140. One or more constricted convection fans 310 may be used to pull air

through the gap 305. FIGURE 15B shows a craoss-sectional view of ancther
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[0064] Wiile the display is operational, the external fan 60 and the
constrictive convection fan 310 nmay run continuously. However, if desired,
a tenperature sensor (not shown) and a switch (not shown) may be

i ncor por ag‘%dzé’wg%?}lzn the el ectronic display. This eff 11’?00‘3/}]%5%0“& may

be used t When tenperatures have reached a pre érmned threshold
val ue. . I n such a case, the various fans may be sel ectively engaged when the
tenperature in the display reaches a predetern ned val ue. Predeterm ned

t hreshol ds may be sel ected and the system may be configured with a

t her rmstr@pd(rmmﬁ feh diven Congirielgd agaragelius bystmephelge 0ae S5l Bprancensirctas

accept save on both energy costs as well
as thegﬁéga §$P§§%ﬁﬂ %SH%RQEbugev c%éﬁ%QE Curtain [0065] In addition to

t he vailoe0} theuRal1ecsmivwsod td;e\ae‘urCéSh@Ilssiamm syere, asaths@issed abda. n devi ce

can al be used. The curtain devi d alone. or in

conbi niﬁ?&ﬁ’s\ﬁﬁeﬁ“%v ?} {he Wgrpa[srﬁlglgﬁgqoug%mq,sgﬁ fé’aqa&rsé@fem scussed above.
[ 0066] [dte®REIGBRERBOVEA-ANCEd RN ERREScbicil aewkOof thaving7asdeousitng €0 and a
front plate 90. The air, baffles 114 for the air cufrtaln can be seEn as a

br okenshﬁ“ﬁré”] HOpIGe! G i ia@,f,egmgé,xrgtstg Fs‘%?ﬂgﬁ‘ [QWpEds Hlererre g4 thg digPlBkissiagn i n
this f'na;%gs cE%éeZﬂ soclfvﬁéﬁ%bh% ég%’é?ﬁ‘%tﬁé‘@le@fr@u%@tﬁﬁbﬁy‘ wahnwh@wvtofth@rmzhe l'ine

19-19 shown in gure 18. re shows the ci'rculation of air _through

t he hodg$ ﬁ@ambew{blﬁ t%ﬁante@at&r% Vtaé@sewe ragr ofi i5e gepkay. HisrasKighaid060
I ngest |sa1>zacémrpcubg§pnﬁwﬁhm?ﬁ%ééyoaa ed?«fah%‘;%fﬂm zm' & gremw g anbi ent

air ternativ y may be alr conditioned air. |ngested air
is shownteasw%ircrfdhﬁ BELONAOnee chagbdie4 maydi@pii@ryaﬁdn@|cngstmedtqaéveﬂtzﬁn may flow

upwar df%e?z% O?H:sf | oﬂﬁérﬂvﬁojeéjnot # ?E&nmiﬁg%ow&lﬁbﬁ%ﬁ ‘Mﬁﬁ Iﬁs?e{&%‘j Rest he

above i oné rmal control may be used
t o coolhe WD BO@%ﬂGWEP@TﬁU&QOﬂM@&BW@?ﬁwm mfmsllmg edd garseniit bvar thbe second

3222??%8 %%25 he?Sedbad gbaes uﬁaenqbg\ﬁ 55' t S nafel 6{')\%[, Eifwjzscé)tp\ﬁ'\ea%/t %P’Eﬂ%ét em
ambient air or alternatively this air may come from a conditioning unit (not shown). To
facilitate the flow of air between the backlight 140 and the cooling chamber 40, a
guiding device 320 may be used.

[0062] Referring now to Figure 17B, the cooling chamber 40 contains a guiding
feature 41, which is used in combination with the guiding device 320 to facilitate the
flow of air between the backlight and the cooling chamber. Figure 17C shows another
embodiment, where both the external fan 60 and the constyictive convection fan 310 is
used. This embodiment could also utilize a version of the guiding devices shown in
rigures 17A and 178,

[0063] The backlight 140 may comprise a printed circuit board (PCB) with a piurality
of lights mounted to the side facing the electronic display 80. The iights in the backlight
may be any one of the following: LED's, organic light emitting diodes (OLED), field
emitting display (FED), light emitting polymer (LEP), or organic electro-luminescence
(OEL) lights. In an exemplary embodiment, the backlight 140 would ideally have a low
level of thermal resistance between the side facing the electronic display 80 and the
side facing the second gas chamber. To accomplish this low level of thermal
resistance, the backlight 140 may be built using metal printed circuit board (PCB])
technology to further transfer heat away from the lights. The rear surface of the
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[ 0068] For explanatory purposes, the details of the internal conponents of
the di splay have been omtted fromthis figure and only a cavity 61 is
shown. It should be noted, that the air curtain can be practiced with any
type of e roni.c_di splay and with any conbi nation o I control
features ﬁé%’?é}‘g&él& above. Various internal features (é\coﬁl%ﬂ%n%)%&a

placed. within the cavity 61 to direct the air towards the baffles 114 The
i ngested air may continue through the cavity 61 along arrow 121 until it
reaches the baffles 114 which may direct the air against the exterior

di spl apagklighadé0 i glsexive masal liasmrf%m@e@ﬁ}efﬁéemiyfw@vcweomat%ﬂahtt@ 90, or

altern I f | & ed in
det ai | %%ose&% aﬂgyé@cgzﬁ ronth%hfgghs%{gg? pr%%%lgf \#H Qu e a| Ce{:\ﬂgﬁt ai n can
be usedaws aa:h;rampaaﬁlstrrfimfeah%s:emnh mgfmrftq ﬁuttéemaﬁhamer;bimmem\@cme ihdrees

ur PhaYrapfstrerbusilied s Thd S Bt pbuids} s dlhal eh Y SR vl B2

subj ectoed of anségrubi cadt(sisotrann IFoade Iy s tHaedt mayamdt e fisplay dbsiegt hot
air. Fluid Cooling System [0070] FIGURE 20 is an explanatory schematic
|Ilust|eﬁf lLYg anot her thermal control feature. As nmay be appreciated from

the drgydeay. WhR €0ldidnthySKsbeRadand Nl @eervarfafUso caidp ererbSstiidtive! ui d
comuni cation. Preferably, this may be acconplished by connecting the

conponEAPEaHPE Ham 33@ MMavsiUst Cantipeaudy. piopexer if Jesded ad RMEYALEDEABIYY as
ggt ted érlldt%&vn Jﬁ@a%ﬁtﬁbiﬁ ﬂ’@bt %M@%ﬁﬁfhé?f b‘é%@ﬁtﬁﬂfe@ Wit HS I ctFRRedY é)f tank

a punp 4 a cooling chanb in flurd comruni cation. Preferably,
t he sy&ﬁﬂ@rreféecéluemmrm@é raayf DBtLé‘l@dSQ @ﬁ@twh@diemwaws kaveorsaphdd ai d

comTun:p @céén@r'ﬂ’\m%mf@ 1 ¥aiu[9helnsé{ﬂwe§n g@é’gﬁé%r;bf}sc Iféf% fb%nsé'f@étﬂle 4.

Howeve ona an unit is erably nof conmuni cati on
with t r@egagetérwlmrmmezamere[tm@7m tResdusp!eyr reaghks 37 Medetsrmrhed pvalmar y

vol une 00| a a rea t 0 e way from
he T CTEPTRTTESY ¢ivpeheist Ry R RGP BB AR S8Rl SR EL =2 Aot o
opeE| ngtsel;m?maex(lnbt goownil 3o anﬂwaatagebuﬂw M@epttthlsmayl \mﬁahl 30 atcbe[:ataﬁise;I voi r
tank includes a ventilation por Punp 47 causes the c n idto
rove t HFBHGRL RETEPs  Wis ¥UIRRVRA Halh HIOL CPERaR A 45 BESERl TPl n ¢ he
art, pwithddevitRy. be | ocated at a number of |ocations al ong the cool ant
fluid pathway wth suitable W) 2009/ 065125PCT/ US2008/ 083792 resul ts.
HoweverAit CHBider to ninimize curvature of plates 44 and 128, it is

pref er aghe; tqn htfoh OB ﬁe%rﬂoafs%&ﬁﬁant&ﬁtrﬁp@édm@sc&nm@édAab%e?etgﬁﬂa.rt he punp

actuallyplls Iquid coolant fromthe bottomto the top of coollng chanber
4. |f tcheaipuigvides cad aposbe iusadd, ThmGigtuiigin Hevipeima bedises aenar®anof | ow

press” [Tﬁ)natt D& \,Jizﬂl%nﬁf n%ﬂ”éeotﬁ&o#nbﬂﬁa% ﬂ{f@%?téresld?sctugbéd f' urd flows
t hrou cooi n er accor in e arrows o the
"sli prﬁmB@s§'1GUHEsmm\@9Iaar&ledttam;cdslsplpurtﬁ having apmca.fmgam wna Fbeiiti ve
di spl ac?r{erbt PYITD . : : Co
plate 90. air baffles 114 for the air curtain can be seen as a broken line in the
figure. Cross-section line 19-19 can also be seen in this figure.
[0067] FIGURE 19 shows the cross-sectional view from the line 19-19 shown in
Figure 18. This figure shows the circutation of air through the housing 70 when fans 60
are actuated. As discussed above, fans 60 ingest air inio the housing 70 through
entrance 51. This air may be ambient air or alternatively may be air conditioned air.
The flow of ingested air is shown as arrow 111. Once inside the display housing 70, the
air may flow upwards along flow arrow 121. This air may be utilized with any of the

above mentioned thermal control features. For example, this air may be used to cool
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[0072] In order to regulate the flow of coolant fluid through the cooling
chanber, a bypass line with a valve 634 nay be provided. The bypass |ine
provi des a bypass route for coolant fluid to bypass the cooling chanber 4.
The val ve 4 1 s _agdapted to facilitate control over t f cool ant
fluid di vé’&?@(ﬁ&?ﬁ%ggugh the bypass |ine. The bypass |i‘2‘g”§%§}é@gﬁ7 e 634 all ow
a predeterm ned portion of coolant fluid to be diverted anay fromthe fl ow
directed to the cooling chanber 4 and thereby facilitate control over the
flow rate through the cooling chanber itself. In this way, the flowrate

t hr ouglthea heolated| dary vithamier seagndbehaager dpedum) 00781y Abe oraedskithidd in t he
art wl L.ecl : devi ces may al so be used to regul ate
t he f|8&??ﬂ@8§ghﬂ%ﬁﬁogégﬁéﬁgﬁ%ﬁﬁﬁﬁEgggﬁor exanpl e, the size and punp speed
of pumpdGBB] Ndr beplapdiom pepodear the dptziEmidpplnterati ammpolNeher afabe disblay a

vari abl e speed pu |so be used, Preferably, the yvariable speed punp
rmy be XS BRERCRTR! TadrsrauEs PO Al hears) Sasenghe: of ShafR s8 i duter
(not shewthe ofr efrefimbhy bedpratwsiunen bhangduceslcoBohideigplacest wpstangam of
the coolin c,hanger 4 and anot her pressure transducer |?I aced

. ~ may. be
downst c&8 lof 106 EIGETTRY CCRERERIUES WHB%@EW% VAT 1§ RS ded by

the at (h&%hm/ﬂﬁﬁn_al?%%ﬁé&e@ WiEHRR §RUSRATy BB Yo BRcdtithd b7 e6lvires SRS bihes oper ati ng
speed of the variable speed punp. In that wa e flowrate through the

. . ced p . y, th .a
cool i nd—h@H’a@ﬁ%ﬁd qr ey Cﬁét”&tﬁ Hi5sa tF%C?fﬁWrﬁhﬁ“W%@ﬁﬁ@‘@ﬂ?E andl ‘bﬁ%‘é%@ﬁ@s in the
devi ce palaknt-al WhiBd rRAIRRL Il &1 BEERSUREDrddlol BREGAIBGe CHADST e S
inportant for preventi ngr deformation or breakage of the display glass.
[ 0074] spriaehtriagigl theifirst dionBplaiea§0. s sdddetvely arymivke edditiendl frari @atssn t he
fluid. Pr Y - |.at.or i y also be included to
provi dﬁ%%egé%gé?%e? 'ﬁﬁgﬁaﬁg\%@gﬁ%ﬁgﬁf@q&? ipéaﬁ%ﬁl?@? a spigot (not shown)
may be [p088]i dedist thef aicidurthiat eart be ymedcas an afxhiustl fonghardolewptlyinignalhe
coolant_fluid fr t he .system .. 009/ 063125PC1/ 1132008/ 083792 [ 0075] In
oper at camPanPeG” B A5 chFban g S SR B oRT A P RTARY Teoveeckd bt ch
may be filrgaat esbl beseatibridrhotiiabirisbs oOthé taispay witct heac el sngectbaniper 4,
the fluid, asse? thrC?u h o tiona? %ilter 83.. Fromthe filter 83, the fluid
next emtSECaMHOIY Bt ‘?@%'ﬁ%ﬁﬁéf‘s FTRPARIGACFHI®ET98 of manifold 59. The
fluid ¢pgadoling@temup through the fluid conpartnent of the cooling
chanber 4 in the direction indicated (dash arrows). The coolant fluid exits

cool i ndO@MHneEURE RP deiti exiianatorgoschematie ilysheindranpther dh@oial ppater abl vy,
the fluid is the i - P40 : i : il &t i ng

thr ougle RS ot DAk Bt e e BoRE e B i th T ERbinke sy 22 WAKES 9,

past t heripegitempenares roflug spewmunicatipandsirelerdbty thisanayab@pceeropishiad byool ant
fluid. , i > POSLELO : . | pul I the
fluid tcggﬁﬁ?%ﬁéﬁgwéﬁl@ﬁ%%? Q&gn{.gé%se fﬁ(aa?%roi?élptreg @P%Fejd&&? g{)%ge%ﬁuea(ﬁ?e%sservoi r

t ank 37dotibd dingd). reteucaniippisysidd. 2Pcehpordrity incluetewr respoolr tddk Baya bemgi sposed
at alocatign that is, relatively .distant fromexit t .13 so as to allow
he"r et AR 190AS EARTRE DD g 3o, EEur RN 078 F8eBkAB fhe
reser voidiudeank fiér 8Br augl peidiorl 3z, HEO76lfuid cosiunediioh anDptiurasy Mg be

| ocated at the base of th? housi ng 75 j ust behi nd #he cool | ng hanber 4 of
di spl ayY46™M Ban amqi Peudmg 3 g0t & é"qv‘ﬁg’f?héﬁ‘e PPERNEbFANTH B Y e E?%"Wfé

interi i figH chRenidEEbAWithahe BIRE 85@BbYents he airflow will be directed across
at | east one external surface of reservoir tank 37. As described above, the
air exheQit fﬁ‘%ﬁfv@é’yt&ﬁ‘kt$7rré‘_9515y“1§e91ﬁ@§iyr é@_tl@é @fn@@)O'Wief“é@oﬂlﬂdw@f%’I%%er_
surface,fdcO%-dR% E’Jno?i@t 9&&2'8%1 fré‘t‘nzjthgqlruk?‘{fvﬂiié%% %Hht%ﬂﬁ‘éd ihQRL ank‘ &7 desired,
a tenperature sensor (not showi) and a swtch (not shown) nay be

i ncor pdinatienk has Al laasitieo ebeaingarancexdi panl Byandheeitenput dd.ubpliseaiyothenay be
used Q. det APl ihen dSTPRI ALNEEDNRKE PEABNSL AL BUelarm Aod (b gahol d

val ue. T'n" such a cas¥€, e punpTcan be Selectively engaged en the

t enper dtrough itine shaedi 2pl d¢ meebs apppedaiet énynthnesl skiddien tHer axdepienmdided

t hreshaql ds e, selected apd the systemmy b opfiqured wtkh

t her nodiat of e ehgi b a0 Bet dsot g MeCle E Eal aey St faPe i ver y
constant tenperature, or at least within a range of acceptable
tenperatures. Alternatively, to avoid the need for a thernostat, the punp
47 may run continuously when the eletdronic display is operational .



CLAIM5 1. A thermal control systemfor an electronic display having a
di splay surface, the systemconprising: a first gas chanber positioned
anterior to the electronic display surface, said first gas chanber having

an entrang‘%mﬁm&g éit; a second gas chanber in cl osedl;&%é%o%%g us

conmuni cat'i on mntﬁ the entrance and exit of said first ‘gas chanber and
positioned posterior to the electronic display surface, said second gas
chanber having interior and exterior surfaces; one or nore chanber fans
wi thin said second gas chanber to propel gas around the first and second
gas chafées Homedemsadrder lormioours agvekee Dg@law@eﬂd a1 athittdhpietergbletiai ned

g e SRR SR g Zafiey ¥ ShemOhoShah DLy M SBL e e

t o f or ceclant fravene bhiorexe drd op & woblimgeshafibarhe K dudpdmgas seipasitiensd,
engaging the pump creates an area of low pressure at the top of the cooling chamber 4.
In this way fluid flows through the cooing chamber 4 according to the arrows. Due to
the “slipperiness” of some coolant fluids, pump 47 is preferably a positive displacement
pump.
[0072] In order to regulate the flow of coolant fiuid through the cooling chamber, a
bypass line with a valve 634 may be provided. The bypass iine provides a bypass route
for coolant fluid to bypass the cooling chamber 4. The valve 634 is adapted to facilitate
control over the amount of coolant fluid diverted through the bypass line. The bypass
line and valve 634 allow a predetermined portion of coolant fiuid to be diverted away
from the flow directed to the cooling chamber 4 and thereby facilitate conirol over the
flow rate through the cooling chamber itself. In this way, the flow rate through the
cooling chamber may be regulated.
[0073] As one skilled in the art will appreciate, other methods and devices may also
be used to regulate the flow through the cooling chamber. For example, the size and
pump speed of pump 47 may be optimized for a given application. Alternatively, a
variable speed pump may also be used. Preferably, the variable speed pump may be
in electrical communication with at least one pressure transducer (not shownj.
Preferably, a pressure transducer may be placed upstream of the cooling chamber 4
and another pressure transducer may be placed downstream of the cooling chamber 4.
The pressure information provided by the at least one pressure transducer may be
utilized to set the operating speed of the variable speed pump. In that way, the flow
rate through the cooling chamber 4 may be adjusted to maintain appropriaie pressures
in the device. Maintaining appropriate pressures in the cooling chamber 4 is important
for preventing deformation or breakage of the display glass.
[0074] An optional filter 83 may be added toc remove contamination in the fluid.
Preferably, a radiator 72 and fan unit 94 may aiso be included to provide even greater
thermal stability. Optionally, a spigot (not shown) may be provided to facilitate the
process of filling and emptying the cootant fluid from the system.
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3. The systemof claim1l, further conprising: one or nore of the electronic
conponents for operating the electronic display, contained within said
second gas chanber. 4. The systemof claim1l, further conprising: one or

nor e heat Wﬁ‘%ﬁﬁ?gts wi thin the second gas chanber. P%T”}ga@s,%ys%zem of one

of clains her conprising: a linear polarizer placéd anterior to
said display surface. 6 The system of one of clainms 1-5 further
conprising: a backlight assenbly positioned posterior to the electronic
di splay and having a posterior surface; a constricted convection plate in
cl ose TR nin gperatiehdiujsoetieihe ressmvoirdenk 87 froa dn lpatoit Pt Sagdemtiay, t he

Eggﬁfi Bgﬁé’&?&s %ﬁa‘ﬁ%&%&k a9 %rﬁ&é?w%ggo e RARE Hhhbe ! haGRIPhaddE

ght " assenbly defining a gap; a
through optional filter 83. From the filter 83, the fluid next enters the cooling chamber 4
through inlet 98 of manifold 59. The fiuid coolant travels up through the fiuid
compartment of the cooling chamber 4 in the direciion indicated (dash arrows). The
coolant fluid exits cooling chamber 4 through outlet 99 of the upper manifold 60.
Preferably, the fluid is then received by an optional radiator 72. While traveling through
the optional radiator 72, an optional fan unit 94 may force air past the radiator 72 to
assist in transferring heat away from the coolant fluid. Pump 47, which may be
positioned after the radiator 72, can pull the fluid toward the reservoir tank. The fluid is
received into the reservoir tank 37 through return port 14. Preferably, return port 14
may be disposed at a location that is relatively distant from exit port 13 so as to allow
the returning fluid the maximum opportunity to cool before if exits the reservoir tank 37
through port 13.
[0076] If desired, fan units may be located at the base of the housing 75 just behind
the cooling chamber 4 of display 15. Fan units may provide a laminar flow of air
through the interior of the housing 75. Preferably, the airflow will be directed across at
feast one external surface of reservoir tank 37. As described above, the air exhaust
flow may ultimately be redirected onto the cooling chamber surface 44 by way of an
optional air curtain system 114,
[0077] If desired, a temperature sensor (not shown) and a switch (not shown) may be
incorporaied within the electronic display. The temperature sensor may be used to
detect when temperatures have reached a predetermined threshold value. in such a
case, the pump can be selectively engaged when the temperature in the display meeis
a predetermined value. Predetermined thresholds may be selected and the system
may be configured with a thermostat {not shown) to advantageously keep the display at
a reiatively constant temperature, or at least within a range of acceptable temperatures.
Alternatively, to avoid the need for a thermostat, the pump 47 may run continuously
when the electronic display is operational.
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one or nore constricted convection fans adapted to draw air through said
gap. 7. A nethod for thermally controlling an electronic display having a
di spl ay surface, conprising the steps of: provi di ng an i sol at ed
cIosEg-Hm gas systemconprising a first gas chanmber which is in contact
W th ﬁb €l ectroni c display surface and a second gas chanber in gaseous
comuni cation with said first gas chanber forcing isolated gas into the

first gas chanber; transferrin mthe el ectronic %I ) Ia surface to
he f < Biaerad GlEiol S RT3 TN oI B AR 3 PGy RO BRVER chanber
cool gdifpddiy: 1 sol ated gas in the second gas chanber if cooling is de5|red
and reintroducing the isol.ated as i, N fir hanbe
ot hod. of & LISAGR ShairRs PRRHOLHAEIBT IS oEs A Do Bfie B o
transferring hesimidr oavih @n@a@g@k@an@aﬁtto the walls of the second chanber;
forcing air over the wal ?f t he second chanber ;.. and
a second gas chamber i ln ciosed-loop gaseous commumcé’:;on W|th the entrance and
exit of said first gas chamber and positioned pasterior to the electronic display
surface, said second gas chamber having interior and exterior surfaces;
one or more chamber fans within said second gas chamber to propel gas around the first
and second gas chambers; and

means for cooling the isolated gas which is contained within the second gas chamber.

2. The system of claim 1, wherein the means for cooling the isolated gas comprises:
one or more exterior fans adapted to force air over the exterior surfaces of the second

gas chamber.
3. The system of claim 1, further comprising:
one or more of the electronic components for operating the electronic display, contained

within said second gas chamber.

4. The system of claim 1, further comprising:

one or more heating elements within the second gas chamber.

5. The system of one of claims 1-4 further comprising:

a linear polarizer placed anterior to said display surface.
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transferring heat fromthe walls of the second chanber to the air. 9. The
met hod of claim 7, further conprising the step of: heating the isol ated gas
wi thin the second chanber if heating is desired. 10. The nmethod of any one
of claims 7-9, further conprising the steps of: providing a constrictive
convection plate posterior to the electronic display, the area between the
consfr i Tte systecoofveetdl claims atSdudmt comgribagk| i ght assenbly defini ng a gap;

forcing abhabfieRtileRBlyholBnldpSlishr «§ e SRRohRUGRS) Sid AR b6l the
el ectronic |38 ay.
surface;
a constricted convection piate in close proximity to the posterior surface of said backlight
assembly, the space between the convection plate and the posterior surface of
the backlight assembly defining a gap; and

one or more constricted convection fans adapted io draw air through said gap.

7. A method for thermally controliing an electronic display having a display surface, comprising
the steps of:

providing an isolated closed-loop gas system comprising a first gas chamber which is in
contact with the electronic display surface and a second gas chamber in gaseous
communication with said first gas chamber;

forcing isolated gas into the first gas chamber,

fransferring heat from the electronic display surface to the isolated gas;

directing the isolated gas into the second gas chamber;

cooling the isolated gas in the second gas chamber if cooling is desired; and

reintroducing the isolated gas into the first gas chamber,

8. The method of claim 7, wherein the cooling step comprises the steps of:
transferring heat from the isolated gas to the walls of the second chamber;
forcing air over the walls of the second chamber; and

transferring heat from the walls of the second chamber to the air.

9. The method of claim 7, further comprising the step of:

heating the isolated gas within the second chamber if heating is desired.

10. The method of any one of claims 7-9, further comprising the steps of:
providing a constrictive convection plate posterior to the electronic display, the area
between the constrictive convection plate and the backlight assembly defining a
gap;
forcing air through said gap in order to cool the posterior portion of the electronic display.
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