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the display surface. A second chamber is in gaseous communication with the first chamber and is adapted to heat or cool the
isolated gas and reintroduce the isolated gas into the first chamber. Another feature uses constricted convection to facilitate the
cooling of the backlight assembly for the electronic display. Another feature uses an air curtain to further heat or cool the exterior
viewing surface of the display. Another feature uses a linear polarizer with an insulating gap to reduce the solar loading of the
display stack and provide insulation from the ambient air temperature. Another feature uses a fiuid system to contact fluid coolant
with the display surface in order to cool the display. Each of the features may be used alone, or in combination to provide the
proper operating temperature for the display depending on its desired operating environment.
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System and Method for Thermally Controlling an Electronic Display

Technical Field
[0001] Exemplary embodiments generally relate to heating/cooling systems for

electronic displays.

Background of the Art

[0002] Electronic displays are typically used in indoor, temperature-controlled
environments. Although the temperature surrounding the display might be relatively
stable (near room temperature), the components of the display may generate a large
amount of heat. If not properly removed, this heat could damage the display or shorten
its lifetime. Conductive and convective heat transfer systems have traditionally been
used to remove heat from the electronic components in a display through as many
sidewalls of the display as possible. While such heat transfer systems have enjoyed a
measure of success in the past, today’s electronic displays require even greater cooling
(and in some case heating) capabilities.

[0003] Modern electronic displays are now being used in outdoor environments as
well as other situations where the surrounding temperature may extend above and
below room temperature. In addition to heat transfer from the surrounding air, radiative
heat transfer from the sun through a display surface may also become a major factor.
In some applications and locations, 200 Watts or more of power through such a display
surface is common. Furthermore, the market is demanding larger and brighter,
sometimes high definition displays. With increased electronic display size more heat
will be absorbed from the sun and more heat will be transmitted into the displays. To
compete with the ambient light from the sun as well as reflections off surrounding
surfaces, displays must produce more light, which also typically results in more heat
generated by the display and/or its backlight assembly.
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[0004] Further, in some applications the temperature may drop well below room
temperature. Some components of an electronic display may malfunction or may be
permanently destroyed by exposure to such low temperatures. For example, the
performance of the liquid crystal material in a liquid crystal display (LCD) may be
effected by low temperatures.

Summary of the Exemplary Embodiments

[00051 In an aspect, there is provided a thermal control system for an electronic
display having a display surface and a backlight assembly. The system comprises a
first gas chamber positioned anterior to the electronic display surface, said first gas
chamber having an enfrance, exit, and exierior surface; a second gas chamber in
gaseous communication with the entrance and exit of said first gas chamber and
positioned posterior to the electronic display surface, said second gas chamber having
interior and exterior surfaces; one or more chamber fans within said second gas
chamber to propel gas around the first and second gas chambers; and one or more
exterior fans adapted to force outside air over the exterior surfaces of the second gas
chamber and between the backlight assembly and an exterior surface of the second
gas chamber.

[0006] In an aspect, there is provided a method for thermally controlling an electronic
display having a display surface and a backlight assembly, comprising the steps of:

providing an isolated gas system comprising a first gas chamber which includes
the electronic display surface and a second gas chamber in gaseous communication
with said first gas chamber, the second gas chamber having exterior surfaces and
placed adjacent to a rear surface of the backlight assembly;

forcing isolated gas into the first gas chamber;

directing the isolated gas into the second gas chamber; 4

forcing cooling gas from outside of the isolated gas system over the exterior
surfaces of the second gas chamber and between the rear surface of the backlight
assembly and an exterior surface of the second gas chamber; and V

reintroducing the isclated gas into the first gas chamber.
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[0007] In an aspect, there is provided a gas cooling system for an electronic display
enclosed within a housing, said electronic display having a display surface and a
backlight having a rear surface. The system comprises a first gas chamber positioned
anterior to the electronic display surface; a second gas chamber in sealed gaseous
communication with said first gas chamber and positioned posterior to the electronic
display surface; a cooling chamber fan within said second gas chamber to propel
circulating gas around the first and second gas chambers; and a second fan positioned
to force ambient air from outside of the housing over the rear surface of the backlight.
[0008] In an aspect, there is provided a thermally requlated electronic display,
comprising an selectronic display contained within & housing and having a display
surface; a first gas chamber positioned anterior to the display surface of the electronic
display; a second gas chamber in gaseous communication with said first gas chamber
and positioned posterior to the electronic display, said second gas chamber comprising
exterior surfaces; a cooling chamber fan to propel circulating gas around the first and
second gas chambers; and a second fan adapted to force ambient air from outside the
housing between the first and second gas chambers.

[0009] In an aspect, there is provided an isolated gas coocling system for a liquid
crystal display (LCD) enclosed within a housing, said LCD having a display surface and
a LED backlight panel, the system comprising a first glass plate; a second glass plate
laminated to the first glass plate and placed in front of the LCD display surface, the
space between the glass plates and LCD display surface defining a channel; an anti-
reflective coating applied to any one of the following: the first glass plate and the
second glass plate; a cooling plenum in gaseous communication with the channel to
form an isclated closed loop; a first fan positioned so as to circulate gas through the
channel and cooling plenum; and a second fan positioned so as to force ambient air
from outside of the housing between the cooling plenum and the backlight panel.

[0010] In-an aspect, there is provided a gas cooling system for an electronic display
having a display surface and a rear surface, the system comprising a first gas chamber
positioned anterior to the electronic display surface; a second gas chamber in gaseous
communication with said first gas chamber and positioned posterior to the rear surface
of the electronic display, the s;ﬁace between the rear surface and the second gas
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chamber defining a gap; a cooling chamber fan within said second gas éhamber to
propel gas around the first and second gas chambers; and a fan positioned to draw
ambient air through said gap.
[0011] In an aspect, there is provided a thermally regulated electronic display
comprising a housing having an exhaust; a liquid crystal stack having a display surface;
an LED backlight with a thermally conductive rear surface positioned posterior to the
liquid crystal stack; a first gas chamber positioned anterior to and contéining the display
surface; a second gas chamber in gaseous communication with said first gas chamber,
said second gas chamber positioned adjacent to the rear surface of the LED backlight,
the space between the second gas chamber and rear surface of the LED backlight
defining a gap; a cooling chamber fan adapted to propel gas around the first and
second gas chambers; and a fan adapted to force ambient air into the housing, through
the gap, and out the exhaust. :
[0012] In an aspect, there is provided an isolated gas cooling system for a liquid
crystal display (LCD) having a display surface and a LED backlight panel, the system
comprising a first glass plate; a second glass plate laminated to the first glass plate and
placed in front of the LCD display surface, the space between the glass plates and LCD
display surface defining a channel; an anti-reflective coating applied to any one of the
following: the first glass plate and the second glass plate; a cooling plenum in gaseous
communication with the channel and positioned behind the LED backlight panel, the
space between the cooling plenum and backlight panel defining a gap; a first fan
positioned so as to circulate isolated gas through the channel and cooling plenum; and
a second fan positioned so as to force cooling gas other than the isolated gas over the
cooling plenum and through the gap.
[0013] In an aspect, there is provided a method for cooling an electronic display
having a rear surface, comprising the steps of:

placing a substantially planar surface adjacent to the rear surface of the

electronic display to define a gap between the planar surface and the
electronic disp!ay;
p!aciﬁg a closed loop of circulating gas around the display;
forcing a circulating gas around the closed loop; and

SEC et al. v. MRI
SEC Exhibit 1022.5005
IPR2023-00221



CA 02705814 2017-01-09

WO2005/065125 PCT/US2008/083792

forcing outside cooling air through said gap.
[0014] In an aspect, there is provided a method for cooling an electronic display
having a front surface and a gap defined between a rear surface of the elsctronic
display and a second posterior surface, comprising the steps of:

circulating gas around the display in a closed loop;

allowing the gas to contact the front surface of the electronic display; and

forcing cooling alr from outside of the closed loop through the gap

where the cooling air is not permitted to mix with the circulating gas.
[0015] In an aspect, there is provided a method for cooling an LED backiit liquid
crystal display where the LED backlight containg a rear surface and the LCD contains a
front viewing surface, and a posterior surface is spaced apart from the rear surface of
the LED backlight to define a gap, the method comprising the steps of:

circulating gas around the LCD and backlight in a closed loop;

forcing cooling air from outside of the closed loop through the gap; and

preventing the circulating gas from mixing with the cooling air.
[0016] In an aspect, thers is provided a gas cooling system for an electronic display
having a display surface and a rear surface, the system comprising a closed loop of
circulating gas positioned to surround the electronic display; and an open loop of
cooling air travelling along the rear surface of the electronic display without mixing with
the circulating gas; wherein the open loop cooling air flows through the center of the
closed loop of circulating gas.
[0017] In an aspect, there is provided a ;chermally regulated electronic display
comprising a housing having an entrance and an exhaust; a liquid crystal stack having a
display surface; an LED backlight with a thermally conductive rear surface positioned
posterior to the liquid crystal stack; a closed loop of circulating gas positioned to
surround the liquid crystal stack and LED backlight; and an open loop of cooling air
travelling through the entrance, along the rear surface of the LED backlight, and
exhausting out of the display.
[0018] In an aspect, there is provided a thermally regulated liquid crystal display
assembly, the system comprising a liquid crystal stack having a display surface; an LED
‘backlight with a thermally conductive rear surface positioned posterior to the liquid
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crystal stack; a glass plate placed in front of the display surface, the space between the
glass plate and display surface defining a channel; a closed foop of circulating gas
positioned to surround the liquid crystal stack and LED backlight where circulating gas
flows through the channal; and an open loop of cooling air contacting the rear surface
of the LED backlight.

[0018] In an aspect, there is provided a systemn for cooling an electronic display
having a posterior display surface and contained within a housing, the system
comprising a constricted convection plate placed posterior to the Aposterior display
surface; two side panels placed adjacent to the constricted convection plate and the
posterior display surface, defining a constricted convection channel having an entrance
and an exit; and a fan placed to draw air from outside of the housing through the
constricted convection channel.

[0020] In an aspect, there is provided a liquid crystal display (LCD) comprising a liquid
crystal stack; ’

a backlight assembly behind the liquid crystal stack and comprising:

a metal core printed circuit board (PCB) having front and back sides;
a p!urélity of LEDs mounted on the front side of the PCB;
‘a posterior surface on the rear side of the PCB;

a constricted convection plate placed behind the posterior surface of the PCB,
defining a constricted convection channel having an entrance and an exit;
and

a fan positioned to draw air through the constricted convection channel.

[0021] In an aspect, there is provided a system for cooling an electronic display
comprising an electronic display comnprising a front display surface and a posterior
surface; a constricted convection plate and a pair of sidewalls behind the posterior
surface of the display, defining a constricted convection channel having an entrance
and exit; a gaseous closed-loop traveling across the front display surface, behind the
constricted convection plate, and returning to the front display surface; a means for
propelling gas around the closed loop; a means for cocling the gas in the closed loop;
and a means for forcing air from outside the gaseous closed loop through the

constricted convection channel.
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[0022] In an aspect, there is provided a system for cooling an electronic display
having a posterior display surface and contained within a housing, the system
comprising a constricted convection plate placed posterior to the posterior display
surface covering the majority of the posterior display surface; at least one bracket which
connects the posterior display surface with the constricted convection plate; and a fan
placed to draw ambient air between the constricted convection plate and the rear
posterior.
[0023] In an aspect, there is provided a liquid crystal display (LCD) comprising:
a liquid crystal stack;
a backlight assembly behind the liquid crystal stack and comprising:
a printed circuit board (PCB) having front and back sides;
a plurality of LEDs mounted on the front side of the PCB;
a posterior surface on the rear side of the PCB;
a constricted convection plate placed behind and substantially parallel with the
posterior surface of the PCB; and
a fan positioned to draw air between the constricted convection plate and the
posterior surface.
[0024] In an aspect, there is provided a system for cooling an electronic display
comprising:
an electronic display comprising a front display surface and a posterior surface
where no electronics are mounted to the posterior surface of the
electronic display;
a constricted convection plate behind the posterior surface of the display
covering a majority of the posterior display surface; and
a means for forcing air between the constricted convection plate and the
posterior surface of the electronic display.
[0025] In an aspect, there is provided a system for cooling an electronic display
having a posterior display surface and contained within a housing, the system
comprising a constricted convection plate placed posterior to the posterior display
surface and covering the majority of the posterior display surface; a channel formed
between the constricted convection plate and the posterior display surface; and a fan
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placed to draw ambient air through the channel; wherein the constricted convection
plate thermally isolates electrical components from the posterior display surface.
[0026] In an aspect, there is provided a liquid crystal display (LCD) comprising:
a liquid crystal stack;
a backlight assembly behind the liquid crystal stack and comprising:
a printed circuit board {(PCB) having front and back sides;
a plurality of LEDs mounted on the front side of the PCB;
a posterior surface on the rear side of the PCB which does not have any
electronic devices attached directly thereto;
a constricted convection plate placed behind the posterior surface of the PCB;
and
a fan positioned to draw air between the constricted convection plate and the
posterior surface.
[0027]1 In an aspect, there is provided an electronic display assembly comprising:
an electronic display comprising a front display surface and a posterior surface
where no electronics are mounted directly to the posterior surface of the
electronic display;
a constricted convection plate behind the posterior surface of the display;
and
a fan positioned to force ambient air between the constricted convection plate
and the posterior surface of the electronic display;
wherein the constricted convection plate isolates the posterior surface from
electronic devices for operating said electronic display.
[0028] In an aspect, there is provided a gas cooling system for an electronic display
having a display surface and a rear surface, the system comprising a closed loop of
circulating gas positioned to surround the electronic display; and an open loop of
ambient gas travelling along the rear surface of the electronic display; where the
circulating gas and ambient gas are two separate flows of fluid.
[0028] In an aspect, there is provided a thermally regulated electronic display
comprising a liquid crystal stack having a display surface; an LED backlight with a rear

surface positioned posterior to the liquid crystal stack; a closed loop of circulating gas
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positioned to surround the fiquid crystal stack and LED backlight; and an open loop of
ambient gas travelling along the rear surface of the LED backlight.

[0030] In an aspect, there is provided a thermally regulated electronic display
assembly, the system comprising an electronic display having a display surface and a
rear surface a glass plate placed in front of the display surface, the space between the
glass plate and display surface defining a channel; a closed loop of circulating gas
positioned to surround the electronic display where circulating gas flows through the
channel; and an open loop of ambient gas contacting the rear surface of the electronic
display.

[0031] Exemplary embodiments may contain one or more of the thermal control
features disclosed herein. A plurality of thermal control features are disclosed and
these features may be utilized alone or in any combination. The precise combination of
features would depend upon the particular cooling/heating needs of the display at
issue, which would depend upon the type of display, size of the display, and its
particular environment. The embodiments may be practiced with any form of electronic
display, including but not limited to: LCD, light emitting diode (LED), organic light
emitting diode (OLED), field emitting display (FED), cathode ray tube (CRT), plasma,
and projection displays. An exemplary embodiment would be praycticed with LCD
displays.

[0032] One thermal feature relates to an isolated gas cooling system. The gas
cooling system is preferably a closed loop which includes a first gas chamber
comprising a transparent anterior plate and a second gas chamber comprising a cooling
plenum. The first gas chamber is anterior to and coextensive with the viewable face of
the electronic display. The transparent anterior plate may be set forward of the
electronic display surface, defining the depth of the first gas chamber. A cooling
chamber fan, or equivalent means, may be located within the cooling plenum and may
be used to propel gas around the isolated gas cooling chamber loop. As the gas
traverses the first gas chamber it contacts the electronic display surface, absorbing heat
from the display surface. Because the gas and the relevant surfaces of the first gas

chamber are transparent, the image quality remains excellent. After the gas has
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traversed the transparent first gas chamber, the gas may be directed into the rear
cooling plenum where it is cooled.

[0033] Anocther thermal feature may utilize the isolated gas system as a heating
device, either instead of or in addition to its cooling abilities. An isolated gas heating
system would also be a closed loop system with a first gas chamber anterior to the
display surface and a second chamber comprising a heating plenum or cooling/heating
plenum. Heating elements may be placed within the plenum in order to heat the gas
within the second chamber. As the gas is forced into the first chamber it may transfer
its heat to the display surface. The gas may then return to the plenum for another
heating cycle. The plenum may function as a cooling plenum only, heating plenum
only, or a combination heating/cooling plenum; all depending upon the particular display
and its particular operating environment.

[0034] Some embodiments may place electronic components used to operate the
electronic display within the plenum of the isolated gas chamber. The electronic
components may include, but are not limited to: transformers, circuit boards,
processors, resistors, capacitors, batteries, motors, power supplies, illumination
devices, wiring and wiring harnesses, and switches. If the plenum is being utilized as a
cooling plenum, the cool gas within the plenum can further aid in the cooling of the
electronic components, which will naturally generate heat during operation. Further, if
the plenum is being utilized as a source of heat for the display, the natural heat from the
electronic components can also heat the gas in the plenum, reducing the amount of
energy which needs {o be applied io the heating elements.

[0035] A linear polarizer may be used in some embodiments to further reduce the
solar loading on the electronic display. This polarizer can be used in combination with
the isolated gas chamber, or may simply be placed anterior to the electronic display
with an insulating gap between the pclarizer and the display. The insulating gap
reduces the amount of heat that is transferred between the polarizer and the display.
[0036] Some electronic displays, such as LCDs for example, require a backlight
assembly to produce an image upon the display surface. The backlight assemblies are
typically a large source of heat for the display. Thus, some embodiments may utilize a
constricted convection system to cool the backlight unit for the display. The constricted
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convection system may comprise a constricted convection plate which is placed in
close proximity to the backlight assembly in order to define a gap. Gas is forced
through the gap in order to facilitate more efficient cooling of the backlight assembly. In
some embodiments a wall of the plenum may constitute the consiricted convection
plate.

[0037] Some embodiments may also utilize an air curtain device which forces air
(either warm or cold) over the exterior surface of the display assembly.

[0038] 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

[0039] A better understanding of the exemplary embodiments will be obtained from a
reading of the following detailed description and the accompanying drawings wherein
identical reference characters refer to identical parts and in which:

[0040] FIGURE 1 is a perspective view of an exemplary embodiment in conjunction
with an exemplary electronic display.

[0041] FIGURE 2 is an exploded perspective view of an exemplary embodiment
showing components of the isolated gas cooling system.

[0042] FIGURE 3 is top plan view of an exemplary embodiment of the cooling
chamber.

[0043] FIGURE 4 is a front perspective view of an embodiment of the isolated cooling
chamber, particularly the transparent anterior surface of first gas chamber.

[0044] FIGURE 5 is a rear perspective view of an embodiment of the isolated cooling
chamber, showing optional electrical components placed in the plenum.

[0045] 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

[0046] FIGURE 7 is a top plan view of an exemplary embodiment of the cooling
chamber showing surface features that may be included on the plenum.
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[0047] FIGURE 8 is a front perspective view of an embodiment of the isolated cooling
chamber with included thermoelectric modules.

[0048] FIGURE 9 is a top pian view of an exemplary embodiment of the cocling
chamber with included thermoelectric modules.

[0049] FIGURE 10 is an exploded perspective view of an exemplary embodiment
showing components of the isolated gas cooling system.

[0050] FIGURE 11 is a top plan view of an exemplary embodiment of the heating
chamber.

[0051] FIGURE 12 is a rear perspective view of an embodiment of the heating
chamber, showing optional electrical components and heating elements.

[0052] 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.

[0053] FIGURES 15A and 15B are side views of exemplary embodiments of the
constricted convection cooling system with a constricted convection plate.

[0054] FIGURE 16 is a top plan view of an exemplary embodiment where the cooling
plenum is utilized as the constricted convection plate.

[0055] FIGURES 17A-17C are cross-sectional views of embodiments where the
cooling plenum is utilized as the constricted convection plate.

[0056] FIGURE 18 s a front plan view of a display utilizing an air curtain device.
[0057] FIGURE 19 is a cross-sectional view of a display utilizing an air curtain device.
[0058] FIGURE 20 is an illustration showing the components for a liquid cooled
display. ‘

Detailed Description

[0059] It is to be understood that the spirit and scope of the disclosed embodiments
includes thermally controlling displays including, but not limited to LCDs. For simple
explanation purposes, embodiments may be described with respect to the components
for LCD displays. By way of example and not by way of limitation, embodiments may
be used in conjunction with displays selected from among LCD, light emitting dicde
(LED), organic light emitting diode (OLED), field emitting display (FED), cathode ray
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tube (CRT), plasma, and projection displays. Furthermore, embodiments may be used
with displays of other types including those not yet discovered. In particular, it is
contemplated that embodiments may be well suited for use with fuil color, flat panel
OLED displays. Further, it is particularly contemplated that embeodiments may be used
with relatively large, high definition LCD displays. While the embodiments described
herein are well suited for outdoor environments, they may also be appropriate for indoor
applications (e.g., factory environments, coolers/freezers, etc.) where thermal stability
of the display may be at risk.

Isolated Gas Cooling System

[0060] As shown in FIGURE 1, when the display 10 is exposed to outdoor elements,
the temperatures inside the display 10 may vary greatly without some kind of cooling
device. As such, the display 10 may not function properly or may have a greatly
reduced life span. Direct sunlight is especially problematic in causing increases in the
internal temperature of the display 10.

[0061] 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.

[0062] As shown in FIGURE 2, an exemplary embodiment of the electronic display 10
includes an isolated gas cocling chamber 20 contained within a display housing 70. A
transparent first gas chamber is defined by spacers 100 and transparent front plate 90.
A second transparent front plate 130 may be laminated to front plate 90 to help prevent
breakage of front plate 90 and protect the interior of the display. Cooling chamber 20
surrounds a display stack 80 and associated backlight assembly 140.

[0063] The display 10 may include means for cooling gas contained within the second
gas chamber. This means may include one or more fans 60 which may be positioned
at the base of the display housing 70. The fans 60 may ingest cool air and force the
cooler ingested air over at least one external surface of a posterior cooling plenum 45.
If desired, an air conditioner (not shown) may also be utilized to cool the air which
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contacts the external surface of plenum 45. Alternatively, the fans 60 may simply
ingest ambient air.

[0064] Referring to FIGURE 3, embodiments of the isolated gas cooling chamber 20
may comprise a closed loop which includes a first gas chamber 30 and a second gas
chamber 40. The first gas chamber includes a transparent plate 90. The second gas
chamber comprises a cooling plenum 45. The term “isolated gas” refers to the fact that
the gas within the isolated gas cooling chamber 20 is essentially isolated from external
air in the housing of the display. Because the first gas chamber 30 is positioned in front
of the electronic display surface 85, the gas should be substantially free of dust or other
contaminates that might negatively affect the display image. An optional filter (not
shown) may be utilized to assist in preventing contaminates and dust from entering the
first gas chamber 30.

[0065] The isolated gas may be almost any transparent gas, for example, normal air,
nitrogen, helium, or any other transparent gas. The gas is preferably colorless so as
not to affect the image quality. Furthermore, the isolated gas cooling chamber 20 need
not necessarily be hermetically sealed from the external air. It is sufficient that the gas
in the chamber is isolated to the extent that dust and contaminates may not
substantially enter the first gas chamber.

[0066] In the closed loop configuration shown in Fig. 3, the first gas chamber 30 is in
gaseous communication with the second gas chamber 40. A cooling chamber fan 50
may be provided within the cooling plenum 45 and utilized to propel gas around the
isolated gas cooling chamber 20. The first gas chamber 30 includes at least one front
glass 90 mounted in front of an electronic display surface 85.

[0067] Referring to FIGURE 4, the front plate 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 alternatively may be integral
with some other component of the device {e.g., integral with the front plate 90). The
electronic display surface 85, the spacing members 100, and the transparent front plate
90 define a first gas chamber 30. The chamber 30 is in gaseous communication with

plenum 45 through entrance opening 110 and exit opening 120.
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[0068] As shown in Fig. 3, a posterior surface of the first gas chamber 30 preferably
comprises the electronic display surface 85 of the display stack 80. As the isolated gas
in the first gas chamber 30 traverses the display it contacts the electronic display
surface 85. Contacting the cooling gas directly to the electronic display surface 85
enhances the convective heat transfer away from the electronic display surface 85. In
exemplary embodiments the electronic display surface 85 comprises the posterior
surface of the first gas chamber 30. Accordingly, the term “electronic display surface”
refers to the front surface of a typical electronic display (in the absence of the
embodiments disclosed herein).

[0069] In an exemplary embodiment, the electronic display surface 85, front plate 90,
and optional second front plate 130 may be comprised of a glass substrate. However,
neither display surface 85, nor transparent front plate 90, nor optional second
transparent front plate 130 need necessarily be glass. Thus, the term “glass” may be
used herein interchangeably with the term plate, but a glass material is by no means
required. Further, electronic display surface 85 does not have to comprise the posterior
surface wall of the front gas compartment 30. An additional plate may be used.
However, by utilizing the electronic display surface 85 as the posterior surface wall of
the gas compartment 30, there may be fewer surfaces to impact the visible light
traveling through the display. Furthermore, the device will be lighter and cheaper to
manufacturer.

[0070] Although the embodiment shown utilizes the electronic display surface 85,
certain modifications and/or coatings (e.g., anti-reflective coatings) may be added to the
electronic display surface 85, or to other components of the system in order to
accommodate the coolant gas or to improve the optical performance of the device.
In the embodiment shown, the electronic display surface 85 may be the front glass
plate of a liquid crystal display (LCD) stack. However, almost any display surface may
be suitable for embodiments of the present cooling system. Although not required, it is
preferable to allow the cooling gas in the first gas chamber 30 to contact the electronic
display surface 85 directly. In this way, the convective transfer of heat from the display

components to the circulating gas will be maximized.
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[0071] Referring to Fig. 4, the front plate 90 of the first gas chamber 30 is transparent
and is positioned anterior to the electronic display surface 85. The arrows shown
represent the movement of the isolated gas through the first gas chamber 30. As
shown, the isolated gas traverses the first gas chamber 30 in a horizontal direction.
Although cooling system 20 may be designed to move the gas in either a horizontal or a
vertical direction, it is preferable to propel the gas in a horizontal direction. In this way,
if dust or contaminates do enter the first gas chamber 30, they will tend 1o fall to the
bottom of chamber 30 outside of the viewable area of the display. The system may
move air left to right, or alternatively, right to left.  After the gas traverses the first gas
chamber 30 it exits through exit opening 120. Exit opening 120 defines the entrance
junction into the rear cooling plenum 45.

[0072] FIGURE 5 shows a schematic of the rear cooling plenum (illustrated as
transparent for explanation). One or more fans 50 within the plenum may provide the
force necessary to move the isolated gas through the isolated gas cooling chamber.
Whereas the first gas chamber 30 was designed to collect heat from the surface 85 of
the display, the second gas chamber 40 is designed to extract the heat from the gas
and remove the heat from the cooling chamber 20. The second chamber 40 may have
various contours and features to accommodate the internal structures within a given
electronic display application.

[0073] If desired, various electronic components 200 can be placed anywhere
throughout the second gas chamber 40. The electronic components 200 may include,
but are not limited to: transformers, circuit boards, processors, resistors, capacitors,
batteries, motors, power supplies, illumination devices, wiring and wiring harnesses,
and switches. These components can be mounted directly on the walls of the chamber
or supported on rods or posts 209. Thus, the cooling plenum can be designed to not
only extract heat from the first gas chamber 30 but also to cool these various electronic
components 200. (Additionally, as discussed below, if the isolated gas system is used
to heat the display, the electronic components can assist in heating the isolated gas.)
[0074] Referring now to FIGURES 6 and 7, various surface features 150 may be
added to improve heat dissipation from the plenum 45. These surface features 150

provide more surface area to radiate heat away from the gas within the second gas
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chamber 40. These features 150 may be positioned at numerous locations on the
surface of the plenum 45.

[0075] Referring now to FIGURES 8 and 9, one or more thermoelectric modules 160
may be positioned on at least one surface of the plenum 45 to further cool the gas
contained in the second gas chamber 40. The thermoelectric modules 160 may be
used independently or in conjunction with surface features 150. Alternatively,
thermoelectric modules 160 may be used to heat the gas in the plenum if the isolated
gas system is utilized to heat a display in a cold environment.

[0076] FIGURE 10 shows an exemplary method for removing heat in the gas
contained in the rear plenum 45. Fan 60 may be positioned to ingest air and blow that
air across the anterior and posterior surfaces of the plenum 45. Again, fan 60 may
ingest air conditioned air into the display housing 70 or may simply ingest ambient
surrounding air. Furthermore, in this configuration, fan 60 may also force air past the
heat generating components of the electronic display (e.g., the display stack 80 and the
backlight assembly 140) to further improve the ability to cool the entire display. It
should be noted that this embodiment can be combined with the constricted convection
cooling method discussed in detail below. The heated exhaust air may exit through one
or more apertures 179 located on the display housing 70.

Isolated Gas Heating System

[0077] As mentioned above, the isolated gas system can be utilized to also heat the
electronic display. Referring to FIGURES 11 and 12, heating elements 220 may be
located within the second gas chamber 40 and operate to warm the gas as it passes
through the second gas chamber 40. These heating elements can be any one of the
many commonly available heating elements or thermoelectric modules. Many times,
these elements are simply a material which contains a high electrical resistance, and
. thus generates heat when current flows through it. The heating elements can be, but
are not iimited to, any one of the following: nichrome wire or ribbon, screen printed
metal/ceramic tracks deposited on ceramic insulated metal (generally steel) plates,
CalRod (typically a fine coil of nichrome wire in a ceramic binder, sealed inside a tough
metal shell), heat lamp, and Positive Thermal Coefficient (PTC) of resistance ceramic.
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[0078] As discussed above, the plenum 45 may contain electrical components 200
which power and control the electronic display. The electrical components may be any
one of the following: transformers, microprocessors, printed circuit boards, power
supplies, resistors, capacitors, motors, wiring harnesses, and connectors. The
electrical connections for the electrical components 200 may pass through a wall of the
plenum 45. The electrical components 200 can be located anywhere within the plenum
45. The electrical components 200 may be mounted on the posterior or anterior
surface of the plenum and may be mounted directly on the surface of the plenum or
may be suspended by mounting posts so that gas may pass all around the component.
[0079] While the display is operational, the isolated gas cooling system may run
continuously. However, if desired, a temperature sensor (not shown) and a swiich (not
shown) may be incorporated within the electronic display. Thus, a thermostat may be
used to detect when temperatures have reached a predetermined threshold value and
the isolated gas system may be selectively engaged whén the temperature in the
display reaches a predetermined value. Predetermined temperature thresholds may be
selected and the system may be configured to heat, cool, or both heat and cool the
display to advantageously keep the display within an acceptable temperature range.
Linear Polarizer with Optional Insulator Gap

[0080] FIGURE 13 is a cross-sectional view of another exemplary embodiment for
another thermal control feature. In the arrangement shown, the front plate 90 and a
second front plate 130 may be comprised of glass and may be laminated together. The
first and second front panels 130 and 90 may be fixed to one ancther with a layer of
index matched optical adhesive 201 to form a front glass unit 206. The display stack 80
may comprise a liquid crystal assembly 212 interposed between a front polarizer 216
and a rear polarizer 214. In other embodiments, the display stack 80 may be any other
type of assembly for any other type of electronic display. The space between the
display stack 80 and the front glass unit 206 defines an insulator gap 300. The
insulator gap 300 serves to thermally separate the front glass unit 206 from the LCD
stack 80. This thermal separation localizes the heat on the front glass unit rather than
allowing solar loading of the LCD stack. If used in combination with the isolated gas

system, the insulator gap 300 may comprise the first gas chamber 30. In other
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embodiments, the insulator gap 300 may be used without the isolated gas system
simply as a layer of insulation from both the ambient air as well as solar loading.

[0081] The second front panel may have a first surface 202 and a second surface
208. The first surface 202 may be exposed to the elements; while the second surface
208 may be fixed to the first front plate S0 by the index matched optical adhesive 201.
The first front plate 90 may have a third surface 209 and a fourth surface 204. The
third surface 209 may be fixed to the second front plate 130 by the index matched
optical adhesive 201; while the fourth surface may be directly adjacent to the insulator
gap 300. In some embodiments, to decrease the solar loading of the display stack 80
and improve the viewable image quality, an anti-reflective coating may be applied to the
first surface 202 and the fourth surface 204. In other embodiments, the anti-reflective
coating may only be applied to at least one of the first, second, third, or fourth surface
202, 208, 209, and 204, respectively.

[0082] FIGURE 14 is a cross-sectional view of another exemplary embodiment of the
front glass unit 206. In the arrangement shown, the front glass unit 206 comprises a
second front plate 130, a layer of index matched optical adhesive 201, a linear polarizer
400, and a first front plate 90. The linear polarizer 400 may be bonded to at least one
of the first, second, third or fourth surfaces 202, 208, 209, and 204, respectively. Again,
anti-reflective layers may be applied to at least one of the first, second, third or fourth
surfaces 202, 208, 209, and 204, respectively. The linear polarizer 400 may be aligned
with the front polarizer 209 found in the LCD stack 85. The inclusion of a linear
polarizer 400 in the front glass unit 206, further decreases the solar load on the display
stack 80. The reduction in solar loading may significantly reduce the internal
temperature of the electronic display. The linear polarizer 300 may also cause a
reduction in specular reflection of the front glass unit 206 and the display stack 80. As
discussed above, if used in combination with the isolated gas system, the insulator gap
300 may comprise the first gas chamber 30. In other embodiments, the insulator gap
300 may be used without the isolated gas system simply as a layer of insulation from
both the ambient air as well as solar loading. Again, it should be noted that the display
stack 80 may be an LCD stack, but it can also be any other type of electronic display.
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[0083] It should also be noted that the second front plate 130 is not required.
Embodiments may utilize only the first front plate S0 with a linear polarizer attached to
either the posterior or anterior surface of the front plate 90. An anti-reflective layer may
also be attached to either the anterior or posterior surface of the front plate 30. The
front plate 90 may be tempered for additional strength if using only the front plate 90
without the second front plate 130.

Constricted Convection

[0084] Some types of electronic displays require a backlight assembly in order to
generate an image upon a viewable screen. L.CDs are one type of display that requires
a backlight assembly. Other types of displays, such as plasma displays and OLEDs, do
not require a backlight assembly as they generate light themselves. However, these
types of displays still generate a significant amount of heat. Thus, in the foregoing
description, the constricted convection system will be described with regard to a
backlight assembly, but it should be noted that the embodiments can be practiced with
other types of displays. Therefore, when a backlight or backlight assemblies are
discussed, these assemblies could also be the rear surfaces of other heat-generating
displays and the constricted convection system would facilitate more efficient cooling of
these alternate displays. It should also be noted that Figures 15A-15B8 and Figures
17A-17C are not necessarily drawn to scale. The relationship between the elements
may be exaggerated for explanatory purposes.

[0085] FIGURE 15A shows a cross-sectional view of the backlight 140 with the
constricted convection plate 300, the space between the two features defines a narrow
gap 305. The dimensions of the gap may vary depending on several factors including
the size of the display, its operating conditions, the type of backlight assembly and its
posterior surface material, and the number and power applied to the various constricted
convection fans. Some exemplary embodiments may utilize a gap distance of
approximately 0.25-3.5 inches. Other embodiments may utilize a slightly larger gap. It
has been found that forcing air through this gap 305 increases the ability to cool the
backlight 140. One or more constricted convection fans 310 may be used to pull air
through the gap 305. FIGURE 15B shows a cross-sectional view of another
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embodiment for the constricted convection system where one or more constricted
convection fans 310 push air through the gap 305.

[0086] FIGURE 16 shows a top view of the isolated gas system as discussed above.
The cross-section line 17-17 is shown passing through the isolated gas system.

[0087] FIGURES 17A-17C show cross-sectional views of the 17-17 section that is
shown in Figure 16. Referring first to Figure 17A, towards the front of the display is the
first gas chamber 30 which abuts against the electronic display 80. Anterior to the first
gas chamber 30 is the front plate 90. Towards the rear of the display, the backlight 140
is placed in close proximity to the second gas chamber 40. In this arrangement, the
outer wall of the second gas chamber 40 may function as the constricted convection
plate. This embodiment does not utilize a constrictive convection fan, but instead uses
the fan 60 which ingest air from outside the display housing and forces it over the
surfaces of the second gas chamber 40. As noted above, this air may simply be
ambient air or alternatively this air may come from a conditioning unit (not shown). To
facilitate the flow of air between the backlight 140 and the cooling chamber 40, a
guiding device 320 may be used.

[0088] Referring now to Figure 17B, the cooling chamber 40 contains a guiding
feature 41, which is used in combination with the guiding device 320 to facilitate the
flow of air between the backlight and the cooling chamber. Figure 17C shows another
embodiment, where both the external fan 60 and the constrictive convection fan 310 is
used. This embodiment could also utilize a version of the guiding devices shown in
Figures 17A and 17B.

[0089] The backlight 140 may comprise a printed circuit board (PCB) with a plurality
of lights mounted to the side facing the electronic display 80. The lights in the backlight
may be any one of the following: LED’s, organic light emitting diodes (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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backlight 140 may also be metallic, or some other thermally conductive material, to
further enhance the convective heat transferring properties. The surface may even
have a plurality of surface features such as fins to further enhance the convective heat
transferring properties. The constrictive convective fan 310 may then send the warm air
out of an exhaust 179 {(shown in Figure 2) so that it may exit the display housing
entirely.

[0080] While the display is operational, the external fan 60 and the constrictive
convection fan 310 may run continuously. However, if desired, a temperature sensor
(not shown) and a switch (not shown) may be incorporated within the electronic display.
This effective thermostat may be used to detect when temperatures have reached a
predetermined threshold value. In such a case, the various fans may be selectively
engaged when the temperature in the display reaches a predetermined value.
Predetermined thresholds may be selected and the system may be configured with a
thermostat (not shown) to advantageously keep the display within an acceptable
temperature range. This would save on both energy costs as well as the useful lifetime
of the devices.

Air Curtain

[0091] In addition to the various thermal control features discussed above, an air
curtain device can also be used. The air curtain device may be used alone, or in
combination with any of the other thermal control features discussed above.

[0092] FIGURE 18 shows an electronic display 10, having a housing 70 and a front
plate 90. The air baffles 114 for the air curtain can be seen as a broken line in the
figure. Cross-section fine 19-19 can also be seen in this figure.

[0093] FIGURE 19 shows the cross-sectional view from the line 19-19 shown in
Figure 18. This figure shows the circulation of air through the housing 70 when fans 60
are actuated. As discussed above, fans 60 ingest air into the housing 70 through
enfrance 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 exampile, this air may be used to cool
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the isolated gas within the second chamber (plenum) or may be used with the
constricted convection system described above.

[00%4] For explanatory purposes, the details of the internal components of the display
have been omitted from this figure and only a cavity 61 is shown. It should be noted,
that the air curtain can be practiced with any type of electronic display and with any
combination of the thermal control features described above. Various internal features
(not shown) may be placed within the cavity 61 to direct the air towards the baffles 114.
The ingested air may continue through the cavity 61 aleng arrow 121 until it reaches the
baffles 114 which may direct the air against the exterior display surface. This exterior
surface may be the first front plate 90, or alternatively, any of the additional front plates
which are described in detail above (ex. second front plate 130).

[0095] Thus, the air curtain can be used as an exhaust for the cooling of internal
components of the display. Alternatively, the cool air from the air curtain can be used to
further cool the exterior front surface of the display which may be subjected to
significant solar loading or heat transfer from ambient hot air.

Fluid Cooling System

[0096] FIGURE 20 is an explanatory schematic illustrating another thermal control
feature. As may be appreciated from the drawing, the cooling system 22 includes
various components in fluid communication. Preferably, this may be accomplished by
connecting the components with a series of tubes or pipes (illustrated conceptually as
dotted lines). The cooling system 22 components include a reservoir tank 37, a pump
47, and a cooling chamber 4 in fluid communication. Preferably, the system also
includes a filter 83 and a radiator 72, also in fluid communication. Optionally, the
system may also include a fan unit 94. However, the optional fan unit is preferably not
in fluid communication with the other components.

[0087] Reservoir tank 37 holds the primary volume of coolant fluid and provides
surface area to conduct heat away from the fluid while it is contained in the tank 37.
The tank has at least two openings, an exit port 13 and a return port 14. Optionally, the
reservoir tank includes a ventilation port 66. Pump 47 causes the coolant fluid to move
through the system 22. As may be appreciated by those skilled in the art, pump 47
may be located at a number of locations along the coolant fluid pathway with suitable
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results. However, in order to r'ninimize curvature of plates 44 and 128, it is preferable to
position pump 47 after the cooling chamber 4 so that the pump actually pulls liquid
coolant from the bottom to the top of cooling chamber 4. If the pump is so positioned,
engaging the pump creates an area of low pressure at the top of the cooling chamber 4.
In this way fluid flows through the cooing chamber 4 according to the arrows. Due to
the “slipperiness” of some coolant fluids, pump 47 is preferably a positive displacement
pump.

[0098] In order to regulate the flow of coolant fluid through the cooling chamber, a
bypass line with a valve 634 may be provided. The bypass line provides a bypass route
for coolant fluid to bypass the cooling chamber 4. The valve 634 is adapted to facilitate
control over the amount of coolant fluid diverted through the bypass line. The bypass
line and valve 634 allow a predetermined portion of coolant fluid to be diverted away
from the flow directed to the cooling chamber 4 and thereby facilitate control over the
flow rate through the cooling chamber itself. In this way, the flow rate through the
cooling chamber may be regulated.

[0099] As one skilled in the art will appreciate, other methods and devices may also
be used to regulate the flow through the cooling chamber. For example, the size and
pump speed of pump 47 may be optimized for a given application. Alternatively, a
variable speed pump may also be used. Preferably, the variable speed pump may be
in electrical communication with at least one pressure transducer (not shown).
Preferably, a pressure transducer may be placed upstream of the cooling chamber 4
and another pressure transducer may be placed downstream of the cooling chamber 4.
The pressure information provided by the at least one pressure transducer may be
utilized to set the operating speed of the variable speed pump. In that way, the flow
rate through the cooling chamber 4 may be adjusted to maintain appropriate pressures
in the device. Maintaining appropriate pressures in the cooling chamber 4 is important
for preventing deformation or breakage of the display glass.

[00100] An optional filter 83 may be added to remove contamination in the fluid.
Preferably, a radiator 72 and fan unit 94 may also be inciuded to provide even greater
thermal stability. Optionally, a spigot (not shown) may be provided to facilitate the

process of filling and emptying the coolant fluid from the system.
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[060101] In operation, fluid exits the reservoir tank 37 from an output port 13 which may
be located beneath the tank 37. On its way to the cooling chamber 4, the fluid passes
through optional filter 83. From the filter 83, the fluid next enters the cooling chamber 4
through inlet 98 of manifold 59. The fluid coclant travels up through the fluid
compartment of the cooling chamber 4 in the direction indicated (dash arrows). The
coolant fluid exits cooling chamber 4 through outlet 39 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 34 may force air past the radiator 72 to
assist in transferring heat away from the coolant fluid. Pump 47, which may be
positioned after the radiator 72, can pull the fluid toward the reservoir tank. The fluid is
received into the reservoir tank 37 through return port 14. Preferably, return port 14
may be disposed at a location that is relatively distant from exit port 13 so as to allow
the returning fluid the maximum opportunity to cool before it exits the reservoir tank 37
through port 13.

[00102] If desired, fan units may be located at the base of the housing 75 just behind
the cooling chamber 4 of display 15. Fan units may provide a laminar flow of air
through the interior of the housing 75. Preferably, the airflow will be directed across at
least one external surface of reservoir tank 37. As described above, the air exhaust
flow may ultimately be redirected onto the cooling chamber surface 44 by way of an
optional air curtain system 114.

[00103] If desired, a temperature sensor (not shown) and a switch (not shown) may be
incorporated within the electronic display. The temperature sensor may be used to
detect when temperatures have reached a predetermined threshold value. In such a
case, the pump can be selectively engaged when the temperature in the display meets
a predetermined value. Predetermined thresholds may be selected and the system
may be configured with a thermostat (not shown) to advantageously keep the display at
a relatively constant temperature, or at least within a range of acceptable temperatures.
Alternatively, to avoid the need for a thermostat, the pump 47 may run continuously

when the electronic display is operational.
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CLAINMS

1. A thermal control system for an electreonic display having a display surface and a
backlight assembly, the system comprising:

a first gas chamber positioned anterior to the electronic display surface, said first
gas chamber having an entrance, exit, and exterior surface;

a second gas chamber in gaseous communication with the entrance and exit of
said first gas chamber and positioned posterior to the electronic display
surface, said second gas chamber having interior and exterior surfaces;

one or more chamber fans within said second gas chamber to propel gas around
the first and second gas chambers; and ’

one or more exterior fans adapted to force outéide air over the exterior surfaces
of the second gas chamber and between the backlight assembly and an
exterior surface of the second gas chamber.

2 The system of claim 1, further comprising:’

one or more electronic components for operating the electronic display, the

electronic components contained within said second gas chamber,

3. The system of claim 1, further comprising:
one or more surface features on the exterior sutfaces of the second gas

chamber.

4. The system of claim 1, further comprising: .
a means for heating the gas which is contained within the second gas chamber.

5. The system of claim 4, wherein:
the means for heating the gas which is contained within the second gas chamber

comprises one or more heating elements within the second gas chamber.

8. The system of claim 1, wherein:
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an exterior surface of the second gas chamber is placed in close proximity to the
backlight assembly, the space between the backlight assembly and the
exterior chamber surface defining a gap, the system furthar comprising:

one or more constricted convection fans adapted to draw air through szid gap.

7. The system of any one of claims 1 to 3, and 8, further comprising:
an air curtain device adapted to force air across the exterior surface of said first

gas chamber.

8. The system of any one of claims 1 to 3 and 6 to 7 further comprising:
a linear polarizer placed anterior to said first gas chamber.

8. The system of any one of claims 2 to 8, further comprising:
a temperature sensing device adapted to measure the temperature of the display

surface;
a switch in communication with said temperature sensing device and said

chamber and exterior fans; and
wherein the fans are switched on when the temperature of the display surface

reaches a threshold value.

10. The system of any one of claims 1 to 9 further comprising:

a filter within the second gas chamber.

11. A method for thermally controlling an electronic display having a display surface

and a backlight assembly, comprising the steps of:
providing an isolated gas system comprising a first gas chamber which includes

the electronic display surface and a second gas chamber in gaseous communication
with said first gas chamber, the second gas chamber having exterior surfaces and
placed adjacent to a rear surface of the backlight assembly;

forcing isolated gas into the first gas chamber;

directing the isolated gas into the second gas chamber;
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forcing cooling gas from outside of the isclated gas system over the exterior
surfaces of the second gas chamber and between the rear surface of the backlight
assembly and an extetior surface of the second gas chamber; and

reintroducing the isclated gas into the first gas chamber.

12. The method of claim 11, further comprising the step of:
heating the isolated gas within the second chamber if heating is desired.

18. The method of any one of claims 11 to 12, further comprising the steps of:
providing a constrictive convection plate posterior to the backlight assembly, the
area between the constrictive convection plate and the backlight assembly
defining a gap;
forcing air through said gap in order to cool the backlight assembly.

14. A éas cooling system for an electronic display enclosed within a housing, said
electronic display having a display surface and a backlight having a rear surface, the
system comprising:
a first gas chamber positioned anterior to the electronic display surface;
a second gas chamber in sealed gaseous communication with said first gas
chamber and positioned posterior to the electronic display surface;
a cooling chamber fan within said second gas chamber to propel circulating gas
around the first and second gas chambers: and
a second fan positioned to force ambient air from outside of the housing over the
rear surface of the backlight.

15. A thermally regulated electronic display compriging:
an electronic display contained within a housing and having a display surfacs;
a first gas chamber positioned anterior to the display surface of the slectronic

display;
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a second gas chamber in gaseous communication with said first gas chamber
and positioned posterior to the electronic display, said second gas
chamber comprising exterior surfaces; .

a cooling chamber fan to propel circulating gas around the first and second gas
chambers; and

a second fan adapted to force ambient air from outside the housing between the

first and second gas chambers.

16, An isolated gas cooling system for a liquid crystal display (LCD) enclosed within a
housing, said LCD Vhaving a display surface and a LED backlight panel, the system
comprising:
a first glass plate;
a second glass plate laminated to the first glass plate and placed in front of the
LCD display surface, the space between the glass plates and LCD display
surface dsfining a channel; . : ;
an anti-reflective coating applied to any one of the following: the first glass plate
and the second glass plate;
a cooling plenum in gaseous communication with the channel to form an isolated
closed loop; '
a first fan positioned so as to circulate gas through the channel and cooling
plenum; and
a second fan positioned so as to force ambient air from outside of the housing
between the cooling plenum and the backlight panel.

17. A gas cooling system for an electronic display having a display surface and a rear
surface, the system comprising:
a first gas chamber positioned-anterior to the electronic display surface;
a second gas chamber in gaseous communication with said first gas chamber
and positioned posterior to the rear surface of the electronic display, the
space between the rear surface and the second gas chamber defining a

gap;
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a cooling chamber fan within said second gas chamber to propel gas around the
first and second gas chambers; and
a fan positioned to draw ambient air through said gap.

18. A thermally regulated electronic display comprising:

a housing having an exhaust;

a liquid crystal stack having a display surface;

an LED backlight with a thermally conductive rear surface positioned posterior to
the liquid crystal stack;

a first gas chamber positioned anterior to and containing the display surface,

a second gas chamber in gaseous communication with said first gas chamber,
said sécond gas chamber positioned adjacent to the rear surface of the
LED backlight, the space between the second gas chamber and rear
surface of the LED backlight defining a gap;

a cooling chamber fan adapted to propel gas around the first and second gas
chambers; and

a fan adapted fo force ambient air into the housing, through the gap, and out the
exhaust,

18. Anisolated gas cooling system for a liquid crystal display (LCD) héving a display
surface and a LED backlight panel, the system comprising:
a first glass plate;
a second glass plate lamfnated to the first glass plate and placed in front of the
LCD display surface, the space between the glass plates and LCD display
surface defining a channel;
an anti-reflective coating applied to any one of the following: the first glass plate
“and the second glass plate;
a cooling plenum in gaseous communication with the channel and positioned
behind the LED backlight panel, the space between the cooling plenum
and backlight panel defining a gap;
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a first fan positioned so as to circulate isolated gas through the channel and
cooling plenum; and

a second fan positionad so as to force cooling gas othet than the isolated gas
over the cooling plenum and through the gap.

20. A method for cooling an electronic display having a rear surface, comprising the
steps of:
placing a substantially planar surface adjacent to the rear surface of the
electronic display to define a gap between the planar surface and the
electronic display;,
placing a closed loop of circulating gas around the display;
forcing a circulating gas around the closed loop; and

forcing outside cooling air through said'gap.

21. A method for cooling an electronic display having a front surface and a gap defined
between a rear surface of the electronic display and a second posterior surface,
comprising the steps of:

circulating gas around the display in a closed loop;

allowing the gas to contact the front surface of the slectronic display; and

forcing cooling air from outside of the closed loop through the gap

where the cooling air is not permitted to mix with the circulating gas.

22. A method for cooling an LED backlit liquid crystal display where the LED backlight
containg a rear surface and the LCD contains a front viewing surface, and a posterior
surface is spaced apart from the rear surface of the LED backlight to define a gap, the
method comprising the steps of:

circulating gas around the LCD and backlight in a closed loop;

forcing cooling air from outside of the closed loop through the gap; and

preventing the circulating gas from mixing with the cooling air.
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23. A gas cooling system for an electronic display having a display surface and a rear
surface, the sysiem comprising: '
a closad loop of circulating gas positioned to surround the electronic display; and
an open loop of cooling air travelling along the rear surface of the electronic
display without mixing with the circulating gas
wherein the open loop cooling air flows through the center of the closed loop of

circulating gas.

24. Athermally regulated electronic display comprising:

a housing having an entrance and an exhaust;

a liquid crystal stack having a display surface;

an LED backlight with a thermally conductive rear surface positioned posterior to
the liquid crystal stack;

a closed loop of circulating gas positioned to surround the liquid crystal stack and
LED backlight; and

an open loop of cooling ait travelling through the entrancs, along the rear surface
of the LED backlight, and exhausting out of the display.

25, A thermally regulated liquid crystal display assembly, the system comprising:
a liquid crystal stack having a display surface;
an LED backlight with a thermally conductive rear surface positioned posterior to
the liquid crystal stack;
a glass plate placed in front of the display surface, the space between the glass
plate and display surface defining a channel;
a closed loop of circulating gas positioned to surround the liguid crystal stack and
LED backlight where circulating gas flows through the channel; and
an open loop of cooling air contacting the rear surface of the LED backiight.

26, A system for cooling an electronic display comprising:
an electronic display comprising a front display surface and a posterior surface;

32

SEC et al. v. MRI
SEC Exhibit 1022.5033
IPR2023-00221



CA 02705814 2017-01-09

WO2009/065125 "PCT/S2008/083792

a constricted convection plate and a pair of sidewalls behind the posterior
surface of the display, defining a constricted convaction channel having
an entrance and exit;

a gaseous closed loop traveling across the front display surface, behind the
constricted convection plate, and returning to the front display surface;

a means for propelling gas around the closed loop;

a means for cooling the gas in the closed loop; and

a means for forcing air from outside the gaseous closed loop through the
constricted convection channel.

27. A gas cooling system for an electronic display having a display surface and a rear
surface, the system comprising: '
a closed loop of circulating gas positioned to surround the electronic display; and
an open loop of ambient gas travelling along the rear surface of the electronic
display;
where the circulating gas and ambient gas are two separate flows of fluid.

28. A thermally regulated electronic display comprising:

a liquid crystal stack having a display surface;

an LED backlight with a rear surface positioned posterior to the liquid crystal
stack;

a closed loop of circulating gas positioned to surround the liquid crystal stack and
LED backlight; and

an open loop of ambient gas travelling along the rear surface of the LED
backlight.

28. A thermally regulated electronic display assembly, the system comprising:
an electronic display having a display surface and a rear surface;
a glass plate placed in front of the display surface, the space between the glass
plate and display surface defining a channel;
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a closed loop of circulating gas positioned to surround the electronic display
where circulating gas flows through the channel; and
an open loep of ambisnt gas contacting the rear surface of the électronic display.
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Back To Back Electronic Display Assembly
Inventors: William Dunn, Marcos Diaz, Kyle Azevedo

Cross-Reference to Related Applications

[0001] This application claims priority to U.S. Application No. 61/986,724 filed on April

30, 2014.

Technical Field
[0002] Embodiments generally relate to cooling systems and methods for installing

electronic displays.

Backaround of the Art

[0003] Electronic displays are sometimes used in outdoor environments or other
areas whare the surrounding temperatures may be high or there may be other sources
of heat such as solar loading causing the temperatures within thfe display to rise,
However, some portions of the display can be difficult to cool as simply' ingesting
ambient air into some portions of the display can introduce dust and contaminates into
sensitive portions of the display, which ¢an lead to premature failures. In some spaces,
only a small foolprint is available, such that placing electronic displays in a back o back

orientation is desirable.

Summary
[0003a] In one aspect, thare is provided a back to back electronic display assembly

comprising a first display assembly positioned back to back with a second display
1
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assembly. A plenum is positioned in between the first and second display assemblies
which is substantially sealed to prevent air from exiting the plenum. A first gap is defined
between the plenum and the first display assembly, and a second gap is defined
between the plenum and the second display assembly. A fan is positioned to force air
through the first and second gaps.

0003b] In another aspect, there is provided back to back electronic display assembly
comprising a first LED backlit display positioned back to back with a second LED backlit
display. A substantially sealed plenum is positioned in between the first and second LED
backlit displays and comprises a first wall which faces the first LED backlight, a second
wall which faces the second LED backlight, a top wall, a bottom wall, and a pair of
sidewalls that extend between the first and the second walls. A first gap is defined by
the space between the first wall and the first LED backlight and a second gap defined by
the space between the second wall and the second LED backlight. An electronic
component attached to the first wall or second wall. A first fan is positioned to force air
through the first gap and the second gap. A dividing wall is positioned within the plenum
that connects between the first wall and second wall of the plenum. A second fan
positioned on the dividing wall; and an additional dividing wall is within the plenum which
is connected to the first dividing wall and connects between the first wall and the second

wall of the plenum.

[0004] Exemplary embodiments provide a back to back electronic display assembly

where the electronic components are contained within a sealed plenum. External air is

CA 2947524 2017-08-04
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ingested and péssed between the walls of the plenum and the rear surfaces of the
electronic display assemblies. The two electronic display assemblies are permitted to
move relative to one another, such that the plenum can be easily opened with the
electronics made available for servicing and/or replacement.

[0005] The foregoing and other features and advantages of the present invention will be
apparent from the following mére detailed description of the particular embodiments, as

illustrated in the accompanying drawings.

Brief Description of the Drawings

[0006] A better understanding of an exemplary embodimeant will be obtained from a
reading of the following detailed description and the accompanying drawings wherein
identical reference characters refer to identical parts and in which:

[0007] FIGURE 1 is a front planar view of an exemplary back to back display
- assembly showing the vertical section line A-A.

[0008] FIGURE 2 is a section view taken along the section line A-A and showing
Detail 3 and Detaif 4 as well as vertical section line B-B.

[0009] FIGURE 3 is a detailed section view showing Detail 3.

[0010] FIGURE 4 is a detailed section view showing Detail 4.

[0011] FIGURE 5§ is a section view taken along the section line A-A and showing the
secend display assembly rotated away from the first display assembly and also showing
Detail 6. | |

[0012] FIGURE 6 is a detailed section view showing Detail 6.
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[0043] FIGURE 7 is a perspactive view showing an alternate embodfment where the
first éisplay assembly is rotated away from the second display assembly.

[0014] FtGURE 8isa pérspécﬁve view taken aloﬁg the line B-B and Indicating Dstail
9,

[0018] FIGURE 9 is a detailed pérspectivé view of Detail 9 showing the post.

[0016] FIGURE 10 is a detailed perspective view of the corresponding hook on the

second display assembly.

Detailed Description

[0017) The invention is described more fully hereinafter with reference to the
éccompanying drawiAngs, in which exemplary embodiments of the invention are »shown.
This invention may, however, be embodied in many different forms and should not be
construed asg limited to the exemplary embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough aﬁd 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,

[0018] The terminology used herein is for the purpose of describing particular
embodirnents only and is not intended to be limiting of the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include the plural forms as wall, unless
the context clearly indicates otherwise. It will be further understood that the terms
"comprises” and/or “comprising,” when used in this specification, specify the

presence of stated features, integers, steps, operations, elements, and/ or components,
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but do not preciude the presence or addition of one or more other features, integers,

steps, operations, elements, components, and/or groups thersof,

[0019] 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.

[0020] 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 inferpreted 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.

[0021] FIGURE 1 is a front planar view of an exemplary back to back display
assembly 1000 showing the vertical section line A-A. In this orientation the first display
assembly 201 is the only display that is viewable.

[0022] FIGURE 2 is a section view taken along the section line A-A and showing
Detail 3 and Detail 4 as well as vertical section line B-B. A first display assembly 201 is
positioned back-to-back with a second display assembly 401. In an exemplary

embodiment, the two display assemblies 201 and 401 are substantially parallel with the

SEC et al. v. MRI
SEC Exhibit 1022.5057
IPR2023-00221



CA 02947524 2017-01-19

rear surfaces of each display assembly facing each other. The first display assembly
201 preferably contains a front cover glass 200, LCD pansl 210, and LED backlight 220.
The second display assembly 401 preferabfy contains a front cover glass 400, LCD
panel 410, and LED backlight 420. Although shown and described herein with LED
backlight LCD technology, the exemplary embodiments herein can be practiced with
any form of flat panel display, including but not limited to OLED, LED, plasma. and any
luminescent polymers. In these embodiments, the rear surface of the LED backlight
would simply be the rear surface of an OLED, LED, plasma, or a luminescent polymer
display.

[0023] An enclosed plenum 500 preferably contains the elscironics 800 for operating
the two displays and is positioned between the two display assemblieé 201 and 401. A
fan 600 is also pos‘rtibned between the two display assemblies 201 and 401 and is
positioned to draw surrounding external air through the assembly 1000, preferably
without permitting any of the external air to enter the plenum 500. Although only a
single fan 800 is shown, multiple fans may be used in.some embodiments, either in the
same or a different location than the fan 600 which is shown. Further, while the fan 600
is shown pulling the external air through the assembly 1000, it could also be positioned
to push the external air through the assembly 10000. Still further, although shown at
the bottom of ;he display assembly 1000, it could instead be placed at the top.

[0024] FIGURE 3 is a detailed section view showing Detail 3. FIGURE 4 is a detailed
section view shoWing Detail 4. The ‘p{enum 500 is preférabfy enclosed by é first wall
740 which faces the first display assembly 201, a second wall 730 which faces the

second display assembly 401, a top wall 710, bottom wall 715, and a pair of cpposing
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sidewalls (not shown in this view). In this embodiment, the first wall 740, a top wall 710,
bottom wall 715, and opposing sidewalls are fixed relative to one another while the
second Qvail 730 is movabie relative to thése pieces. While this is shown here, other
embodiments’ could fix the second wall 730 relative to the top wall 710, botlom wall 715,
and opposing sidewalls while the first wall 740 is movable relative to these pieces.
Preferably, the walls 740, 710, 715, 730, and the sidewalls are metallic and preferably
aluminum.

[0025] The second wall 730 seals the plenum 500 when the gasket 700 s
compressed between the second wall 730 and the top wall 710, bottom wall 715, and
opposing sidewalls. The electronics 800 contained within the plenum are protected
from the external air flows 575 and 550 and any possible contaminates, particulate, or
wafer vapor that may be present. The eléctronics can inciudé‘ but are not Iimitéd to:
power supplies, microprocessors, printed circuit boards, electronic memory,
transmitting/receiving devices, and video players. Preferably the eléctronics 800 are
also in thermal communication (preferably conductive) with either the first wall 740,
second wall 730, or both. In this way, heat from the slectronics 800 can be transferred
to the first wall 740 to be removed by first external air flow 575 or the second wall 730 fo
be removed by the second external air flow 550.

[0026] A first gap is preferably defined between the first display assembiy 201 and the
first wall 740 of the plenum 500. A second gap is defined between the second display
" assembly 401 and the second wall 730 of the plenum 500. In this particular
embodiment where an LCD with an LED backlight is being used, the first gap is

betwsen the rear surface of the LED backlight 220 and the first wall 740 and the second
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gap is between the rear surface of the LED backlight 420 and the second wall 730. A
first external airflow 575 is ingested into the housing through an inlet aperture, forced
through the first gap, and then exhausted‘ out of the housing through an exhaust
aperture. A second external airflow 550 is ingested into the housing through an infet
aperture, forced through the second gap. and then exhausted out of the housing
through an exhaust aperture. In this way, airflow 575 can remove heat simultaneously
from the LED backlight 220 and the first wall 740 while airflow 550 can remove heat
simultaneously from the LED backlight 420 and the second wall 730.

[0027] FIGURE 5 is a section view taken along the section line A-A and showing the
second display assembly rotated away from the first 8i3play assembly and also showing
Detail 6. In this embodiment, the first display assembly 201 remains fixed while the
second display assembly 401 is pem%itted to move or rotate away from the ffrst display
assembly 201, providing access to the interior of the plenum and the electronics 800
inside.

[0028] FIGURE 6 is a detailed section view showing Detail 6. Here, a sloped rain
catcher 705 is placed below the inlet aperiure and above the plenum so as to collect
any condensation and direct it down the first gap. This figure also shows the movement
of the second wall 730 along with the second display assembly 401, as they move away
from the first wall 740, a top wall 710, bottom wall 715, and opposing sidewalls to
provide access to the interior of the plenum.

[0028] FIGURE 7 is a perspecti‘ve visw showing ah alternate embodiﬁent where the
first display assembly 201 is rotated away from the second display assembly 401 (which

remains fixed). Here, a pair of gas springs 850 are used to help rotate the display
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assembly 201 and hold it in. an open position while the interior of the plenum 500 is
being serviced.

[ooécj FIGURE 8 s a berspecﬁve view taken along the line B-B and indicating Detail
9. In this embodiment, the first wall 740 is used to mount the various electronics 800,
although these could instead be mounted to the rear wall 730. In some embodiments,
electronics 800 may be mounted to both the first wall 740 and the second wall 730. The
top wall 710 substantially prohibits airflow from entering the plenum. An opening 120 is
preferably placed on or near the top wall 710 to allow airflow 575 to enter the gap
defined by the opening of the space between the first wall 740 and the rear of the LED
backlight 220. In a similar manner, another opening (not shown here) is preferably
provided on or near the top wall 710 to allow airflow 550 to enter the gap defined by the
. opening of the spéce between the se;:ond wall 730 and ihe rear of the LED‘backlith
420.

[0031] A gasket 700 is preferably positioned around the perimeter of the first wall 740
so that the gasket 700 is compressed between the plenum walls (top wall 710, bottom
wall 715, and pair of opposing sidewalls) and the second wall 730 when the unit is
closed. Preferably, a pair of dividing walls 80/85 are used to define a loop around the
plenum 500 which passes through only one of the dividing walls (here 80). Generally
speaking, the dividing walls 80/85 should connect between the first wall 740 and second
wall 730 of the plenum. In an exemplary embodiment, dividing wall 80 is perpendicular
to dividing wétf 85. Even more pfeferabiy, dividing wéﬂ 80 is arranged hbrizontaily and
contains the fan(s) while dividing wall 85 is connected to the end of dividing wall 80 but

is arranged vertically and does not contain a fan. Although fans are only shown  within
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the dividing wall 80, they could instead be placed within the dividing wall 85, or only
within the dividing wall 85 with no fans placed within dividing wall 80. For exemplary
airflow, it hag been disco&ere‘d that placing the first fan 75 near the center of the display ~
assembly and the second fan 77 near the perimeter of the display assembly, causes a
pair of circulating gas loops 501 and 510 respectfully.

[0032] A plurelity of inputfoutput electrical connections 25 are preferably placed at the
top of the display assembly 201 and underneath a sloped rain catcher 705. Also, a pair
of mounting pins 50 and 51 are arranged at the top of the display »assembly 201. A
plurality of latches 120, 122, 125 are preferably arranged st the bottom of the display
‘ assembly 201, although shown with three latches embodiments can be practiced with
one or two latches only. Alse shown in this figure are the attachment brackets 200 and
910 for gas springs. 850 ar other supporﬁng resistive elements. '

[0033] FIGURE 8 is a detailed perspective view of Detail 9 showing the post. Here,
the details of the post 51 may be observed. In this embodiment, a cylinder travels
horizontally and is divided by two locating wells 53 (closest to the perimeter of the
display assembly 201) and 54 (closest to the center of the display assembly 201). The
cylinder can then be identified by the mounting portion 55 (located between walls 53/54)
and the interior portion 52 (starting at the wall 54 and travelling towards the center of the
module 500).

[0034] FIGURE 10 is a detailed perspective view of the corresponding hook 450 on
the second diéplay assembly 401. A pair of mounﬁngA hooks 450 are preferabiy placed
at the top of the second display assembly 401 and correspond to the nﬁounﬁng posts 50

and 51 respectively. Preferably, the hook 450 would wrap around the circumference of

10
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the mounting portions 55, where the hook 300 is stabilized between the walls 54 and
53.

[0035] 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 to back electronic display assembly comprising:
a first display assembly positioned back to back with a second display assembly;
a plenum positioned in between the first and second display assemblies which
is substantially sealed to prevent air from exiting the plenum;,
a first gap defined between the plenum and the first display assembly;
a second gap defined between the plenum and the second display assembly;
and

a fan positioned to force air through the first and second gaps.

2. The assembly of claim 1 further comprising:

a plenum fan positioned within the plenum.

3. The assembly of claim 1 wherein:
one or more electronic components for operating the first display positioned

within the plenum.

4. The assembly of claim 3 wherein:

the electronic component is a power module.

5. The assembly of claim 1 wherein:

the plenum comprises a first wall and second wall which oppose each other, a

top wall, bottom wall, and a pair of sidewalls.
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6. The assembly of claim 5 further comprising:

a gasket positioned between the top wall and the second wall.

7. The assembly of claim 1 wherein:

the second display assembly is permitted to move relative to the first display

assembly.

8. The assembly of claim 5 wherein:
the first wall is fixed relative to the first display assembly; and

the second wall is fixed relative to the second display assembly.

9. The assembly of claim 5 wherein:
the first gap is further defined between the first wall of the plenum and an LED
backlight for the first display assembly; and
the second gap is further defined between the second wall of the plenum and an

LED backlight for the second display assembly.

10. The assembly of claim 1 further comprising:
a first dividing wall positioned within the plenum; and
a second dividing wall positioned within the plenum and oriented substantially

perpendicular to the first dividing wall.

11. The assembly of claim 10 further comprising:

a plenum fan positioned within the first or second dividing wall.

13
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12. A back to back electronic display assembly comprising:

a first LED backlit display positioned back to back with a second LED backlit
display;

a substantially sealed plenum positioned in between the first and second LED
backlit displays and comprising:
a first wall which faces the first LED backlight,
a second wall which faces the second LED backlight,
a top wall,
a bottom wall, and a pair of sidewalls that extend between the first and the
second walls;

a first gap defined by the space between the first wall and the first LED backlight;

a second gap defined by the space between the second wall and the second
LED backlight,

an electronic component attached to the first wall or second wall;

a first fan positioned to force air through the first gap and the second gap;

a dividing wall positioned within the plenum that connects between the first wall
and second wall of the plenum;

a second fan positioned on the dividing wall; and

an additional dividing wall within the plenum which is connected to the first

dividing wall and connects between the first wall and the second wall of the

plenum.
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13. The assembly of claim 12 wherein:
the first wall is fixed relative to the first display; and

the second wall is fixed relative to the second display.
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(57) Abstract: The invention relates to an electronic in-
formation board comprising a frame (40), a flat display ele-
ment (26), such as a TFT LCD display or plasma display for
presenting information, and electronic equipment for con-
trolling the display element. The information board has a
weatherproof display casing (10) for the display element and
a weatherproof device casing (12) for the electronic equip-
ment needed for controlling the display element. Between
the casings, there is a common cooling space (20) for cool-
ing the devices in the display casing and the device casing.
The display casing and the device casing can be separated
from each other for opening the cooling space for the du-
ration of the updating and maintenance of the information
board. The display casing has a back wall (22) bordered to
the cooling space, having cooling elements for transferring
heat from the display casing to the cooling space. Similarly,
the device casing has a back cover bordered to the cooling
space, having cooling elements for transferring heat from
the device casing to the cooling space. On the opposite sides
of the cooling space there are ventilator slots, and inside the
cooling board there are cooling fans for enabling air flow
through the cooling space. There may be vertical or hori-
zontal flow ducts in the cooling space for controlling the air
flow.
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Electronic information board

The invention relates to an electronic information board comprising a frame, a flat
display element for presenting information and electronic equipment for controlling
the display element.

The conventional means used by advertisers to pass on information are illumi-
nated advertisement boards containing a paper poster, which are updated by re-
placing the poster with a new one. Replacing the poster is laborious, and it may
take place at intervals of several days or even weeks. New posters have to be
printed, transported, replaced and finally disposed of. The changing of the posters
thus causes unnecessary stress on the environment and costs. The problems en-
tailed by paper posters are avoided by using electronic information boards instead
of them.

The display of an electronic information board can be implemenied by using any
prior art display device technology. For the present, the most advantageous dis-
play technology for display devices of a few square metres and less is the TFT
LCD technology, which provides the advantages of a large viewing angle, a short
response time, good contrast and reliability of the display. In addition to TFT LCD
displays, other electronic display solutions, such as plasma displays, can be used
in information boards.

TFT LCD displays are used to some extent in the implementation of public elec-
tronic information boards. The problem is that when used in environments having
high temperatures, the temperatures of the display devices easily rise too high. On
the other hand, in cold environments there is the danger that the temperatures of
the display devices fall too low. In both situations it is important that the tempera-
tures at different points inside the display device can be kept as constant as pos-
sible. Then the display device operates in the widest possible range of operating
temperatures, and local temperatures do not cause exceeding of the specifications
given to the display element.

In the present devices, the warming of the display in cold conditions has often
been solved by a transparent warming resistor fastened to the transparent window
of the device. In this solution, the problem is the high price of components, be-
cause the manufacture of a transparent warming element requires special solu-
tions. Also, the supply of eleciricity to the warming element attached to the glass
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generally requires the use of a low voltage and a so-called SELV connection de-
vice because of the risk of the glass being broken. Providing a SELV low voltage
causes power losses and increases the costs when the number of power supplies
increases. A transparent warming element fastened to the glass only heats the
display on the front side, and the fluorescent tubes inside the display operate in
considerably colder conditions than the TFT LCD matrix. The efficiency of fluores-
cent tubes used in connection with display devices generally weakens radically
when the temperature falls, and therefore the brightness of the display may be
significantly reduced in cold conditions.

Another solution for warming the display device is to heat it from behind by various
warming resistors and corresponding arrangements. These solutions, again, entail
the problem that the TFT LCD matirix on the front surface of the display may then
operate in too cold conditions, whereby the response time of the display increases.
In the worst case, the temperature of the TFT LCD matrix may fall below the stor-
age temperature allowed for the display.

With regard to the cooling of information boards, the prior art solutions have the
drawback that the displays are cooled by forced convection only from behind.
However, the display elements produce heat in every direction. Most of the heat in
plasma displays is generated on the side of the visible surface of the display.
Therefore, the present display casings having a transparent window result in a
significant rise of temperature in the upper parts of the display especially on the
visible side of the display. In addition, the present solutions have the problem of
temperature control caused by the integration of the electronics controlling the dis-
play and the actual display. As a result, there are often situations in which heat is
cumulated in certain parts of the device when components that are warming in-
crease the temperatures of each other. If the design has not been critically
checked, temperatures may become too high locally.

Because of the inadequate cooling and warming solutions, the operating life of
electronic information boards remains shorter than normal, or they are unneces-
sarily damaged. For example, the LCD matrix of TFT LCD display elements be-
comes inoperative already at the temperature of 70°C. If the temperatures cannot
be made constant in different parts of the display element, the temperatures of the
upper parts set a limit to the highest possible operating temperature allowed for
the whole display device. The probability of the electronics of the device getting
damaged in the hottest parts of the device also increases significantly. Because of
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the problems related to the temperature control of electronic information boards,
they are poorly suited for use in variable conditions, such as outdoors, where the
differences of temperature at day and night and especially at different timas of the
year are very high. Because of this, electronic information boards are hardly ever
used outdoors, but the conventional illuminated boards containing a paper poster
are used instead.

It is an objective of the invention to provide an electronic information board, by
which the drawbacks and shortcomings related io the temperature control of the
prior art electronic information boards can be significantly reduced. Another objec-
tive of the invention is to provide an electronic information board, which tolerates
well external variations of temperature and is thereby suitable for installation out-
doors. In addition, it is an objective of the invention to provide an electronic infor-
mation board, by which a conventional illuminated board containing a paper poster
can be replaced.

The objectives of the invention are achieved by an electronic information board,
which is characterized in what is set forth in the independent claims. Some pre-
ferred embodiments of the invention are presented in the dependent claims.

The invention relates to an electronic information board comprising a frame, a flat
display element, such as a TFT LCD display or plasma display for displaying in-
formation, and electronic equipment for conirolling the display element. The basic
idea of the invention is that the display element and the electronics required for
controlling the display are located separately from each other for facilitating the
arrangements for temperature control and cooling of the information board. As a
result, the information board has a modular structure, which also facilitates the
maintenance and updating of the device. The information board has its own dis-
play casing for the display element and a device casing for the electronic equip-
ment needed for controlling the display element. Cooling elements have also been
arranged in the display casing for transferring heat from the display casing to the
outside of the display casing. Preferably, the device casing contains at least the
control unit of the information board, the power supply of the control unit and the
power supply of the background light of the display.

In a preferred embodiment of the invention, there is a common cooling space be-
tween the display casing and the device casing, whereby the required cooling is
provided both for the display element and the devices in the device casing. The
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display casing and the device casing can preferably be separated from each other
for opening the cooling space in order to perform updating and maintenance
measures. Preferably, the information board has an openable cover, in which case
the device casing has been instalied in the cover.

In another preferred embodiment of the invention, the display casing and the de-
vice casing have been made weatherproof for enabling the performance of updat-
ing and maintenance measures outdoors.

In a third preferred embodiment of the invention, the display casing has a back
wall bordered to the cooling space, and the cooling elements have been arranged
in the back wall for transferring heat from the display casing to the cooling space.
Preferably, there is a back cover bordered to the cocling space in the device cas-
ing, and cooling elements have been arranged in the back cover for transferring
heat from the device casing to the cooling space. Preferably, the cooling elements
have a first heat transfer part extending to the inside of the display casing and/or
the device casing, and a second heat transfer part extending to the cooling space.

In a fourth preferred embodiment of the invention, there are ventilator slots or
holes on the opposite sides of the cooling space for enabling air flow from the out-
side of the information board to the cooling space and from the cooling space back
to the outside of the information board. In the cooling space there is preferably at
least one cooling fan for circulating air through the cooling space.

In a fifth preferred embodiment of the invention, the display casing comprises a
transparent front plate and an edge part. The front plate is preferably made of
shock-resistant glass.

In a sixth preferred embodiment of the invention, the display element is supported
at its edges to the edge part of the display casing by support elements so as to
form a gap enabling the circulation of air between the walls of the display casing
and the outer surface of the display element. Preferably, there are fans inside the
display casing for circulating air in the space between the walls of the display ele-
ment and the display casing, and ducting has been arranged between the walls of
the casing and the display element for directing the circuilation of air around the
display element. There may also be electrically operated warming elements in the
display casing for increasing the temperature of the display casing.
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in a seventh preferred embodiment of the invention there are air ducts in the cool-
ing space for directing the circulation of air. Preferably, there is at least one heat
transfer part of at least one cooling element and at least one cooling fan in the air
duct. The air ducts can be in a horizontal, vertical or oblique position.

The invention provides the advantage that the cooling and warming of the informa-
tion board can be implemented very cost-efficiently. It is possible to use low-cost
standard warming elements in the display casing, in which case no special warm-
ing resistors to be integrated in the glass are required.

In addition, the invention has the advantage that the display element of the infor-
mation board can be easily changed when required, because the temperature con-
trol of the display is not based on the conduction of heat from certain physical
points of the display.

Yet another advantage of the invention is that due to the efficient temperature con-
trol, it is possible to use large electronic displays in the information board, the ex-
ternal dimensions of the displays corresponding to the external dimensions of the
paper posters used in the illuminated boards. In addition, the total depth of the in-
formation board is essentially the same or even smaller than in the illuminated
boards. Because the physical size of an information board according to the inven-
tion is essentially the same as the size of illuminated paper poster boards, the re-
placement of a conventional illuminated board by an information board according
to the invention does not require new permissions from the authorities and long
permission procedures.

Furthermore, the invention has the advantage that it can be implemented both as
a one-sided and a two-sided information board. A two-sided information board is
formed by joining together two one-sided information boards. As an alternative, the
other side of the information board can be a conventional, illuminated poster
board.

Yet another advantage of the invention is that it is suitable for use both outdoors
and indoors. The electronic display and the electronics related to the operation of
the display device have been placed in their own separate casings, the enclosure
class of which enables maintenance measures performed outdoors and easy up-
dating of the device.
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In the following, the invention will be described in detail. Reference will be made to
the accompanying drawings, in which

Fig. 1 is a perspective drawing of an electronic information board according to the
invention, presented as an example.

Fig. 2 is a cross-sectional drawing of an electronic information board according to
the invention, presented as an example.

Fig. 3 is a perspective drawing of a preferred embodiment of an electronic informa-
tion board according to the invention, presented as an example, and

Fig. 4 is a cross-sectional drawing of the information board of Fig. 3, presenied as
an example.

In Fig. 1, an electronic information board according to the invention is shown as an
example, as depicted obliquely from behind. The information board has a closed
display casing 10, to the back wall 22 of which a cover 24 opening on hinges 14
has been connected. The cover is trough-shaped, i.e. it has a flat bottom and
edges turned to an angle from the plane of the bottom. A closed device casing 12
has been fastened to the bottom of the cover. The display element 26 of the infor-
mation board (Fig. 2) has been placed inside the display casing, and the electronic
equipment needed in the control of the display element have been placed inside
the device casing. Typically, this equipment includes a programmable control unit
with its power supply for controlling the display, and the power supplies of the
background light of the display. The separation of the display element and conirol
electronics from each other and placing them in their own casings makes it easier
to control the temperature of the information board and to arrange the cooling
thereof. In this way, the structure of the information board also becomes modular,
which makes the manufacture of the device simpler and faster and facilitates the
performance of maintenance and updating.

Fig. 1 shows an information board according to the invention in the opened posi-
tion, in which the cover 24 of the information board has been turned on the hinges
so as to be separated from the display casing. In this position it is easy to perform
updating and maintenance measures of the information board. The cover has
been connected to the display casing by a hold-open device 16, which keeps the
cover at a certain angle in relation to the display casing. The enclosure class of the
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display casing and the device casing is such that it enables updating and mainte-
nance measures taking place outdoors. The information board according to the
invention can be fasiened to a wall or a support pole. Fastening to a wall takes
place simply by fastening the cover of the information board directly to the surface
of the wall by screws, for example.

In normal use, the display casing and the device casing are turned against each
other to a closed position and locked to each other by locking means 18 on one
side of the casings. In the closed position, there remains a cooling space 20 be-
tween the display casing and the device casing, delimited by the cover 24 and the
display casing (Fig. 2). In the back wall 22 of the display casing and the back
cover 28 of the device casing there are cooling elements 32, by which heat is
transferred from the inside of the device casing and the display casing to the cool-
ing air in the cooling space 20. The structure and operation of the cooling ele-
ments will be described in more detail in connection with the description of the
drawings later in this document. In the first edge of the cover 24 pointed downward
and the second edge pointed upward there are ventilator slots 34, which enable
the movement of air from the outside of the device to the cooling space and from
the cooling space back to the outside of the device. When required, the ventilator
slots can be provided with filters in order to prevent the access of impurities to the
ventilation space. In the cover 24 there are cooling fans 36, by which the circula-
tion of air through the cooling space is regulated. The temperature and speed of
flow of the air in the cooling space and thereby the transfer of heat from the cool-
ing elements to the air is thus regulated with an air flow achieved by means of
cooling fans.

In Fig. 2, an example of an electronic information board according to the invention
is shown as a cross-sectional drawing. The information board has a frame 40
manufactured of metal piping, to the edge surface of which a lining plate 42 form-
ing the visible outer surface has been fastened. The lining plate is preferably made
of aluminium or steel. A display casing 10 comprising a back wall 22, a transparent
front plate 46 and an edge part 44 having a flange-like fastening collar 48 running
in the direction of the front plate has been fastened to the frame by fastening
means 52. Preferably, the back plate and the edge paris have been formed of one
plate-like part by some known plate machining method, such as pressing. The
transparent front plate has been fastened to the fastening collar of the edge paris
by means of flexible, vibration aitenuating sealing elements 50 so that the edge
parts of the front plate and the back wall form a closed display casing. The front
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plate is preferably made of shock-resistant glass, but it is also possible to use
other materials.

Inside the display casing there is a display element 26, which is supported at its
edges by support elements 56 to the edge part of the display casing in a way that
there remains a gap enabling the circulation of air between the walls of the display
casing and the outer surface of the display element. The display element is pref-
erably a TFT LCD display, which withstands static information significantly better
than other display techniques. However, the display element can also be some
other suitable, flat electronic display element, such as a plasma display, a LED
display or an organic LED display.

In the back wall of the display casing there are cooling elements 32, which have a
first heat transfer part 60 extending to the inside of the display casing and a sec-
ond heat transfer part 62 extending to the cooling space 20 outside the display
casing. The second heat transfer part comprises a number of plate-like cooling fins
placed side by side. The operation of the cooling fins is based on the phenomenon
that when the cooling air flows between the fins, heat is transferred from the cool-
ing fins to the air of the cooling space. The task of the cooling elements is to trans-
fer excess thermal energy from the display casing to the cooling space, from which
it is further conducted by the air flow produced by the cooling fans 36 out from the
entire device. Instead of the cooling fins or in addition to them, the second heat
transfer part 62 of the cooling element 32 may also comprise other elements by
which the transfer of heat from the cooling element 1o the cooling space is imple-
mented. In particularly hot conditions, heat transfer based merely on cooling fins
may not be sufficiently efficient. In that case, the second heat transfer part of the
cooling elements may preferably comprise liquid-cooled elements or components.

The first heat transfer part may comprise cooling fins or conduction elements or
both. A conduction element is a fixed body conducting heat well, which is placed
so that it touches the heat source, whereby the heat is transferred from the heat
source to the cooling element by conduction. Preferably, the conduction element
has been fastened to the heat source, such as the surface of the display element,
by flexible fastening paste, which fills up the irregularities of the surface of the heat
source well and promotes the transfer of heat from the heat source to the conduc-
tion element.
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The first cooling element 32, in which the first heat transfer part 60 extending to
the display casing comprises cooling fins, is shown in the upper part of Fig. 2 by
way of example. Inside the display casing on the back wall 22 there are fans 64,
which circulate air in the space between the display element and the walls of the
display casing. Suitable ducting 66 has been arranged between the display casing
and the display element so that an air flow circulating the display element and
equalizing the temperatures can be arranged by means of the fans. The fans 64
force the air of the inner casing to flow past the front plate 46 of the device. In cool
conditions, the temperature of the front plate is naturally low. When the thermal
conductivity of the front plate is selected suitably, the cool surface of the front plate
cools the air flowing between the front plate and the display element. The fans cir-
culating the air inside the display casing can be fastened so that when required,
they can be easily changed in connection with the maintenance measures. The
second cooling element 32, the first heat transfer part of which comprises a con-
duction element set against the surface of the display element 26, is shown by
way of example in the lower part of Fig. 2. The conduction element has been fas-
tened to the surface of the display plate preferably by glueing. Either conduction
elements or cooling elements comprising cooling fins, or both, can be used in the
display casing according to need. The cooling elements are preferably so-called
Peltier elements.

In the display casing there are preferably also electrically operated warming ele-
ments 68 for raising the temperature of the display casing. In cold conditions, the
warming elements produce heat, by which the effect of the front plate 46, which
lowers the temperature inside, is compensated. The heat produced by the warm-
ing elements is transferred to the air inside, which is circulated in the display cas-
ing by means of an air flow produced by fans. For the above mentioned reasons,
the warming elements need not be placed evenly on the area of the whole casing,
but only at some points inside the casing. The warm air flow produced by the fans
also keeps the front plate frost-free in all temperatures. The temperature of the
display casing is measured by temperature sensors (not shown), and the meas-
urement data is transmitted to a control unit located in the device casing. On the
basis of the measurement results, the control unit regulates, according to need,
the operation of the cooling fans 68 and the fans 64 in the display casing as well
as the operation of the cooling fans 36 in the cooling space for achieving a suitable
operating temperature in the display casing. A device switch-off function has been
arranged in the control unit for making sure that the information board is not dam-
aged in case of a failure of the temperature control system, such as in exception-
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ally hot or cold conditions or in connection with power failures. The control unit
also comprises means for sending a report to a predetermined control point in
connection with a malfunction and automatic switch-off of the device. The report is
preferably transmitted by a wireless communication link.

By means of the forced circulation of air inside caused by the fan, the tempera-
tures of the inner paris of the display casing can be kept constant, and all the sur-
faces of the device can be used to fransfer heat out from the inside of the display
casing. Due 1o the forced inner circulation of air, the heat produced by a spotlike
warming element or other heat source can be distributed efficiently and evenly o
the whole inner space of the casing. The circulation of the inside air, implemented
by flow ducts, enables cooling of the edges of the display element especially in the
upper paris of the display casing. This is important especially in TFT LCD displays
with regard to the cooling of the control circuits. The control circuits are located
immediately inside the frame of the display element. Without efficient cooling, their
temperatures would rise higher than in other parts of the display element. Because
the control circuits are complicated microelectronics, even a small reduction of
operating temperatures helps to improve their reliability significantly.

The warming and cooling of components in the device casing 12 can be imple-
mented by a corresponding cooling solution as described above in connection with
the display casing. Then the cooling or warming air flow circulates as forced past
all the components becoming warmed. As an alternative, in low-power devices the
cooling can be implemented by circulating air merely by cooling elements ar-
ranged in the back cover of the device casing without an internal circulation of air
in the device casing. This is possible, because the conirol electronics withstand
variations of temperature and high temperatures clearly better than the display
element. A control system can be made for controlling the temperatures of the de-
vice casing individually, or it can be integrated as a part of the temperature control
system of the display casing.

Fig. 3 shows an example of a preferred embodiment of an electronic information
board according to the invention as a perspective drawing seen obliquely from be-
hind. The drawing depicts the cooling space of the information board in particular,
and the cover of the information board and parts connected to it are not shown in
it. Fig. 4 shows the embodiment of Fig. 3 as a cross-sectional drawing. In this pre-
ferred embodiment of the invention, one or more flow controllers 70 made of a
shaped metal sheet have been fastened to the back wall 22 of the display casing
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10. Together with the back wall, the flow controllers fastened to it form one or
more essentially horizontal flow ducts 72, inside which the second heat transfer
parts 62 of the cooling elements 32 and the cooling fans 36 fastened to the back
wall are placed. The number of cooling fans has been designed so that there is at
least one cooling fan in each cooling duct. In the vertical side walls of the frame of
the information board, at the ends of the flow ducts there have been formed venti-
lator holes 74, which enable the air flow produced by the cooling fans to pass
along the flow duct through the cooling space 20. Circulation of cooling air imple-
mented by horizontal flow ducts can be used in information boards of all sizes, but
it is particularly well suited for use in large information boards, in which the tem-
perature otherwise tends to rise high in the upper parts of the cooling space.

In Figs. 3 and 4, the flow ducts have been formed in a horizontal position. It is
clear to a person skilled in the art that by applying the same principle, it is also
possible to form flow ducts in the cooling space in a vertical or oblique position.

Some preferred embodiments of an electronic information board according to the
invention have been described above. The information board can be made accord-
ing to the user's needs and preferences to the desired size. In particular, the in-
formation board can be made to the same size as the prior art illuminated adver-
tisement boards, in which case the physical dimensions of the display element
correspond to the dimensions generally used in paper posters. Mechanical fasten-
ing of the information boards to the support structures can be implemented at the
upper or lower edge of the board, from behind or from the sides of the board.

The invention is not limited to the above described solutions only, but the inventive
idea can be applied in numerous ways within the scope defined by the claims.
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Claims

1. An electronic information board comprising a frame (40), a flat display ele-
ment (26) for displaying information and electronic equipment for controlling the
display element, characterized in that the information board has a display casing
(10), inside which the display element has been placed, and a device casing (12),
inside which the electronic equipment needed in the control of the display element
have been placed, and the display casing comprises cooling elements (32) for
transferring heat from the display casing to the outside of the dispilay casing.

2. An information board according to Claim 1, characterized in that there is a
cooling space (20) between the display casing (10) and the device casing (12).

3. Aninformation board according to Claim 2, characterized in that the display
casing (10) and the device casing (12) can be separated from each other for per-
forming updating and maintenance measures.

4. An information board according to Claim 3, characterized in that it has an
openable cover (24) and that the device casing (12) has been installed in the
cover.

5. An information board according to any one of the claims 1 to 4, character-
ized in that in the device casing (12) there is at least the control unit of the infor-
mation board, the power supply of the control unit and the power supply of the
background light of the display.

6. An information board according to any one of the claims 3 to 5, character-
ized in that the display casing (10) and the device casing (12) have been made
weatherproof for performing updating and maintenance measures outdoors.

7. An information board according to any one of the claims 2 to 6, character-
ized in that the display casing (10) has a back wall (22) delimited by the cooling
space (20) and that the cooling elements (32) have been arranged in the back wall
for transferring heat from the display casing to the cooling space.

8. An information board according to any one of the claims 1 to 7, character-
ized in that the display casing (12) has a back cover (28) delimited by the cooling
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space (20), having cooling elements (32) for transferring heat from the device cas-
ing to the cooling space.

9. An information board according to Claim 7 or 8, characterized in that the
cooling elements (32) have a first heat transfer part (60) extending to the inside of
the display casing (10) and/or the device casing (12) and a second heat transfer
part (62) extending to the cooling space (20).

10. An information board according to Claim 9, characterized in that the first
heat transfer part (60) of the cooling element (32) comprises cooling fins and/or
conduction elements, and the second heat transfer part comprises cooling fins.

11. An information board according to Claim 10, characterized in that the con-
duction elements of the cooling element have been fastened to the heat source by
flexible fastening paste.

12. An information board according to any one of the claims 2 to 11, character-
ized in that there are ventilator slots (34) or ventilator holes (74) on the opposite
sides of the cooling space (20) for enabling an air flow from the outside of the in-
formation board to the cooling space and from the cooling space back to the out-
side of the information board.

13. An information board according to any one of the claims 2 to 11, character-
ized in that there is at least one cooling fan (36) in the cooling space (20) for circu-
lating air through the cooling space.

14. An information board according to any one of the claims 1 to 13, character-
ized in that the display casing (10) comprises a transparent front plate (46) and an
edge part (44).

15. An information board according to Claim 14, characterized in that the front
plate (48) is made of shock-resistant glass.

186. An information board according to Claim 14 or 15, characterized in that the
display element (26) is supported at its edges by support elements (56) to the
edge part of the display casing so that there is a gap enabling the circulation of air
between the walls of the display casing and the outer surface of the display ele-
ment.
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17. An information board according to Claim 16, characterized in that there are
fans (64) inside the display casing (10) for circulating air in the space between the
display element (26) and the walls of the display casing (10).

18. An information board according to Claim 17, characterized in that ducting
(66) has been arranged between the walls of the display casing (10) and the dis-
play element (26) so as to control the air flow circulating round the display ele-
ment.

19. An information board according to any one of the claims 1 to 18, character-
ized in that there are electrically operated warming elements (68) in the display
casing (10) for raising the temperature of the display casing.

20. An information board according to any one of the Claims 1 to 19, character-
ized in that there are flow ducts (72) in the cooling space (20) for controlling the air
flow.

21. An information board according to Claim 20, characterized in that in the flow
duct (72) there is at least one heat transfer part (62) of at least one cooling ele-
ment (32) and at least one cooling fan (36).

22. An information board according to Claim 20 or 21, characterized in that the
flow ducts (72) have been formed in a horizontal, vertical or oblique position.

23. An information board according to any one of the claims 1 {o 22, character-
ized in that the display element (26) is a TFT LCD display, a plasma display, a
LED display or an organic LED display.

24. An information board according to any one of the Claims 1 to 23, character-
ized in that its depth in the direction of the normal of the front plate is under 25 cm.

25. An information board according to any one of the claims 1 to 24, character-
ized in that the dimensions of the display element (26) correspond to the size
class of paper posters generally used in illuminated advertising boards.
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Back Pan Cooling Assembly for Electronic Display

Cross-Reference to Related Applications

[0001] This application claims priority to US Application No. 61/714,381 filed on
October 16, 2012 and is herein incorporated by reference in its entirety.

Technical Field

[0002] Embodiments generally relate to a cooling assembly for the back pan of an

electronic display.

Background of the Art

[0003] Electronic displays are now being used for a variety of applications, in addition
to the traditional in-home viewing applications. It is now desirable for electronic displays
to be used as restaurant menu boards, advertising, and general informational purposes.
Each application may require a different set of electronic assemblies, in order to drive
the electronic display and provide any ancillary services related to the electronic display
and its purpose. Electronic displays are typically manufactured in standard sizes,

shapes, and with standard electronic components.

Summary of the Exemplary Embodiments

[0004] One exemplary embodiment provides a cooling back pan that is positioned
behind the rear pan of an electronic display, where the space between the cooling back
pan and the rear pan defines a gap. A fan is preferably positioned so as to cause a flow
of ambient air through the gap, cooling the rear pan and the cooling back pan.
Electronic components for operating the electronic display can be mounted to the
cooling back pan and preferably are placed in conductive thermal communication with

the cooling back pan.
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[0005] The foregoing and other features and advantages of the present invention will
be apparent from the following more detailed description of the particular embodiments,

as illustrated in the accompanying drawings.

Brief Description of the Drawings

[0006] A better understanding of an exemplary embodiment will be obtained from a
reading of the following detailed description and the accompanying drawings wherein
identical reference characters refer to identical parts and in which:

[0007] FIGURE 1 is a rear perspective view of an exemplary back pan cooling
assembly.

[0008] FIGURE 2 is a sectional view of the embodiment shown in Figure 1.

Detailed Description

[0009] The invention is described more fully hereinafter with reference to the
accompanying drawings, in which exemplary embodiments of the invention are shown.
This invention may, however, be embodied in many different forms and should not be
construed as limited to the exemplary embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and
will fully convey the scope of the invention to those skilled in the art. In the drawings, the

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

[0010] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further understood that the terms
"comprises” and/or "comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, elements, and/ or components,
but do not preclude the presence or addition of one or more other features, integers,

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

[0011] Embodiments of the invention are described herein with reference to

illustrations that are schematic illustrations of idealized embodiments (and intermediate
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structures) of the invention. As such, variations from the shapes of the illustrations as a
result, for example, of manufacturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed as limited to the particular
shapes of regions illustrated herein but are to include deviations in shapes that result,

for example, from manufacturing.

[0012] Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill in
the art to which this invention belongs. It will be further understood that terms, such as
those defined in commonly used dictionaries, should be interpreted as having a
meaning that is consistent with their meaning in the context of the relevant art and will
not be interpreted in an idealized or overly formal sense unless expressly so defined

herein.

[0013] FIGURE 1 is a rear perspective view of an exemplary back pan cooling
assembly where the rear cover 100 has been removed. An electronic display 15 is
provided on the bottom with an exemplary coocling back pan 45 positioned on the top.
The electronic display 15 contains a rear pan 22 on the rear surface of the electronic
display 15 (i.e. on the side opposing an intended observer). The rear pan 22 is often a
component in mass-manufactured electronic displays and typically provides mounts for
electronic subassemblies or housings to go with the electronic display. In some
embodiments, the rear pan 22 is metallic. As used herein, the term ‘rear pan’ does not
require that the pan is actually the one that came with the originally mass-manufactured
display, as this component may be upgraded from its originally mass-manufactured
form by downstream manufacturers.

[0014] Here, electronic components 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
cooling back pan 22. The electronic components 10 and 11 may contain any one of the
following: timing and control boards (TCON), power supplies, video
cards/drivers/players, input/output interfaces, antennas, wireless receivers, modems,

local electronic storage, and CPU/microprocessors.
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[0015] The space between the rear pan 22 and the exemplary cooling back pan 45
defines an air gap 25. The fan 30 is positioned so as to cause a flow of ambient cooling
air through the gap 25, in order to cool both the rear pan 22 and the cooling back pan
45. The fan 30 preferably draws ambient air from around the display housing, without
letting the air enter other portions of the display housing, especially the portions of the
cooling back pan 45 which contain the electronic components 10 and 11 (i.e. the
portions sealed off between the cooling back pan 45 and the rear cover 100). In other
words, the fan 30 is preferably placed in sealed gaseous communication with the
surrounding ambient air and the gap 25 such that ambient air can pass through the fan
30 and gap 25 without entering the area sealed by the cooling back pan 45 and rear
cover 100.

[0016] In at least one embodiment, a port 150 is provided which provides sealed
gaseous communication between the ambient air surrounding the display housing and
the fan 30. Once forced through the gap 25, the cooling air can exit any portion of the
perimeter of the rear pan 22 and cooling back pan 45 assemblies, and eventually is
exhausted out of the edges of the display housing. In other words, the gap 25
preferably extends to all four edges of the display housing and allows ambient air to
enter/exit the gap 25 along all four edges of the rear pan 22 and cooling back pan 45.
[0017] FIGURE 2 is a sectional view of the embodiment shown in Figure 1.

[0018] As can be observed, the cooling back pan 45 can be used to mount any
number of specialized electrical components 10 and 11 which may be required for the
end-use of any electronic display. At the same time, the cooling back pan 45 can help
remove heat from the electronic components 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).

[0019] It should be noted that although a single fan 30 is shown, this is not required
by any embodiment as there can be multiple fans positioned on the cooling back pan 45
in other embodiments. Also, although an exemplary embodiment uses the fan 30 to
push the cooling air into the gap 25, alternative embodiments could also be used to
draw air from the edges of the display housing, through the gap 25, and exhaust the air
through the port 150. It should also be noted that additional fans may be positioned
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within the cooling back pan 45 in order to circulate air around the interior of the cooling
back pan 45, without mixing with the ambient air.

[0020] It should also be noted that it is preferable to place the fan 30 near the center
of the cooling back pan 45, although this is not required. It may be preferable in some
instances to place the fan 30 closer to the horizontal top edge of the cooling back pan
45 (as shown in Figure 2), as the heat generated by the display assembly tends to rise
where additional flow rates of cooling air would be beneficial in this area. In most
cases, if using only one fan 30, it may be preferable to place the fan near the vertically-
drawn centerline of the cooling back pan 45.

[0021] As used herein, the term ‘electronic display’ is any electronic assembly for
generating an image to a viewer. The term specifically includes, but is not limited to:
liquid crystal displays (all types), OLED, light emitting diode (LED), field emitting display
(FED), light emitting polymer (LEP), organic electro luminescence (OEL), plasma
displays, and any other type of thin/flat panel display. In an exemplary embodiment, the
electronic display 15 comprises an LED edge lit LCD display where the LED backlight is
placed in conductive thermal communication with the rear pan 22. In another
exemplary embodiment, the electronic display 15 comprises an LED direct backlit LCD
display where the rear pan 22 is provided as the rear surface of the direct LED
backlight.

[0022] Having shown and described a preferred embodiment of the invention, those
skilled in the art will realize that many variations and modifications may be made to
affect the described invention and still be within the scope of the claimed invention.
Additionally, many of the elements indicated above may be altered or replaced by
different elements which will provide the same result and fall within the spirit of the
claimed invention. It is the intention, therefore, to limit the invention only as indicated by
the scope of the claims.
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CLAIMS
We claim:
1. A back pan cooling assembly for an electronic display having a rear pan, the
assembly comprising:
a cooling back pan positioned behind the rear pan, the space between the
cooling back pan and the rear pan defining a gap;
a fan positioned to cause a flow of ambient air through the gap; and
an electronic component for driving the electronic display, placed in conductive
thermal communication with the cooling back pan.

2. The cooling assembly of claim 1 wherein:
the fan is sealed within the cooling back pan such that ambient air is not

permitted to contact the electronic component.

w

. The cooling assembly of claim 1 wherein:
the electronic display is in conductive thermal communication with the rear pan.

N

. The cooling assembly of claim 1 further comprising:
an LED backlight within the electronic display and placed in thermal

communication with the rear pan.

9]

. 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.

9}

. The cooling assembly of claim 5 wherein:

the gap extends to all four perimeter edges of the rear pan and cooling back pan.

~

. The cooling assembly of claim 5 wherein:
ambient air is permitted to enter the gap along all four perimeter edges.
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8. The cooling assembly of claim 1 wherein:
the rear pan comprises the rear surface of a direct-lit LED backlight.

9. The cooling assembly of claim 1 further comprising:
a port in gaseous communication with the fan such that ambient air is drawn

through the port and exhausted out of the gap.

10. The cooling assembly of claim 1 further comprising:
a port in gaseous communication with the fan such that ambient air is drawn

through the gap and exhausted out of the port.

11. A back pan cooling assembly for an electronic display having a rear pan, the
assembly comprising:

a cooling back pan positioned behind the rear pan, the space between the
cooling back pan and the rear pan defining a gap;

a rear cover positioned on the cooling back pan to define a rear compartment
which is sealed to prevent ambient air from entering the rear
compartment;

a port which accepts ambient gas;

an open loop gaseous pathway defined by gaseous communication between the
port, fan, and gap; and

a fan positioned to cause a flow of ambient air through the open loop gaseous
pathway.

12. The cooling assembly of claim 11 further comprising:
an electronic component for operating the electronic display, placed within the

compartment and mounted to the cooling back pan.

13. The cooling assembly of claim 11 wherein:
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the rear pan and cooling back pan each contain four perimeter edges which are
substantially aligned with one another.

14. The cooling assembly of claim 13 wherein:

the gap extends to all four perimeter edges of the rear pan and cooling back pan.

15. The cooling assembly of claim 11 wherein:
the fan is oriented such that ambient air is drawn through the port and exhausted
out of the gap.

16. The cooling assembly of claim 11 wherein:
the fan is oriented such that ambient air is drawn through the gap and exhausted

out of the port.

17. A back pan cooling assembly for an electronic display having a rear pan with a pair
of vertical edges and a pair of horizontal edges, the assembly comprising:

a cooling back pan having a pair of vertical edges substantially aligned with the
vertical edges of the rear pan and a pair of horizontal edges which are
substantially aligned with the horizontal edges of the rear pan;

a gap defined between the cooling back pan and rear pan which extends to each
horizontal edge to define a pair of horizontal edge gaps and to each
vertical edge to define a pair of vertical edge gaps; and

a fan positioned to cause ambient air to flow through the vertical edge gaps and
the horizontal edge gaps.

18. The cooling assembly of claim 17 wherein:
the fan is positioned near a center of the cooling back pan.

19. The cooling assembly of claim 17 further comprising:
an LED backlight within the electronic display which is placed in conductive

thermal communication with the rear pan.
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20. The cooling assembly of claim 17 further comprising:

a rear cover positioned on the cooling back pan to define a rear compartment
which is sealed to prevent ambient air from entering the rear
compartment;

a port within the rear cover; and

an open loop gaseous pathway defined by gaseous communication between the
port, fan, and the edge gaps.
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Abstract of JP2000H106501 {A)

PROBLEM TO BE SCLVED: To easily mount a panel type display device info g
racessed part or opening of a wall surface of a condominium, stc. SOLUTION A
mounting frame 12 is previcusly mounted and fixed o the portion of the rectangular
opening 47 of the wall surface 45 When the panel type display device 28 is disposed in
the mounting frame 12, the power sowrce juncture 33, coaaial cabie junciure 34 and
cable television juncture 35 of the pansl type display device 28 are respeclivaly
sveritually connected to the powsr source terminal 21, coaxial cabls terminal 22 and
cable slavision terminal 24 of the mounting frame 12, Even more, the pansl typs
display device 28 is held down by a pressing cover 58 from the power source sids, by
which the jumping of the panel type display device out of the mounting frame 1218
pravented.
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