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Global Dossier 

PROBLEM TO BE SOLVED: To provide an image display device, cooling a circuit 
board for controlling the operation of an irriage display panel and making the circuit 
board hard to break. SOLUTION: This image display device includes: a storing 
chamber 5 having a sealed structure; and a cooler 4 for cooling the air in the storing 
chamber 5. The storing chamber 5 is partitioned into a front area 53 along a front vvall 
51 forming the storing chamber 5 and a back area 54 along a back wall 52 forming the 
storing chamber 5 by a plate member 6. The image display panel 2 is disposed in tt1e 
front area 53 of the storing chamber 5, and the circuit board 22 is disposed in the back 
area 54 of the storing chamber 5. The cooler 4 cools the air in the front area 53 of the 
storing chamber 5, and furtt1er a blovver 70 for supplying the air on the back of the 
image display panel 2 in a predetermined direction along the back of the panel. The 
plate member 6 is provided with a pair of openings 6i, 62 arranged substantially in the 
same direction as the predetermined direction. :COPYRIGHT: (C)2011,JPO&!NP!T 
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exchange element 14 is formed by alternately laminating first plate bodies, each of 
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(54) Title: INFORMATION DISPLAY AND A METHOD FOR COOLING AN INFORMATION DISPLAY 
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(57) Abstract: The present invention relates to an information display comprising a housing (20), a display panel (30), and a back­
light unit (40). The information display (10) further comprises a first air channel (101) between the display panel (30); and the back­
light unit (40) adapted to receive a first cooling air flow. In some embodiments the information display (10) comprises a second air 
channel (102) for a second cooling air flow adapted to conduct at least part of the heat generated by the backlight unit (40) outside 
the information display. The information display (10) is adapted to keep the first cooling air flow separate from the second cooling 
air flow. The present application also discloses a method for cooling an information display (10) having a housing (20), a display 
panel (30); and a backlight unit (40). The method comprises providing a first cooling air flow to a first air channel (101) located 
between the display panel (30) and the backlight mut ( 40). In some embodiments the method comprises providing a second cooling 
air flow to a second air channel (102) for conducting at least part of the heat generated by the backlight unit (40) outside the inform -
ation display; and keeping the first cooling air flow separate from the second cooling air flow. 
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Information Display and a Method for Cooling an Information Display 

Field of the Invention 

The present invention relates in general to information displays and methods 

for controlling temperature of information displays. 

Background of the Invention 

Markets for outdoor electronic information displays, capable of showing full 

colour video information, have increased considerably during the last years. 

The biggest growth in outdoor display market is estimated to happen in digital 

signage business, practically meaning advertising and public information 

15 display applications. Other typical applications are passenger information 

systems e.g. railway and city traffic sectors. Giant outdoor information 

displays have earlier been realized mostly with full colour LED technology, 

but for application with small viewing distance (starting from 1 m) they are not 

applicable due to limitation of pixel size. For such displays, thin film transistor 

20 liquid crystal displays (TFT LCD) have seen to be an emerging technology. 

Concerning the use of TFT LCD technology in outdoor information displays, 

standard TFT LCD panels have major restrictions concerning brightness and 

operating temperature range and have been found vulnerable especially in 

25 direct sunshine conditions. A typical industrial TFT LCD panel has 

transmissive brightness of 700 cd/m2 , but the need for brightness of an 

outdoor digital signage application is estimated to be greater than 3000 

cd/m2 . In addition, the operating temperature of a TFT LCD panel is typically 

limited to +50°C, with temporary absolute maximum temperature being close 

30 to +65 °C which is the so called clearing temperature of an LCD panel. In the 

clearing temperature liquid crystal molecules are changing phase from "liquid 

crystal" phase to liquid phase and liquid crystal cells stop working as 

electronically controllable liquid crystals and the display or parts of it 

becomes black. 

35 

Some existing outdoor information displays use cold cathode fluorescent 

lamps (CCFL) as a light source for the display panel. This light source may 
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also be called as a backlight. The size of cold cathode fluorescent lamps is 

quite large and their lifetime is limited approximately to 50000 operating 

hours. In addition, CCFL technology has high temperature dependency, 

which decreases efficiency and brightness. This limits the use of CCFL in 

5 very cold or high temperature conditions, which are typical for an outdoor 

information display. In addition, maintenance of CCFL backlight system is 

difficult due to enclosed structure of TFT panel. Another problem with CCFL 

is that they contain mercury which may cause environmental pollution. 

Therefore, used CCFL must be brought to a special waste collection points. 

10 

One approach to produce a more efficient backlight is to use a matrix of light 

emitting diodes (LEDs) as the backlight. The available brightness of LEDs 

have been increased in recent years wherein LEDs have become a light 

source to be reckoned with also in information displays for outdoor use. For 

15 example, super high brightness LEDs may provide brightness greater than 

>3000 cd/m2 . However, such light emitting diodes produce considerable 

amounts of heat in operation. Therefore, this has limited the use of high 

brightness LED backlight systems. 

20 The European patent application EP 1 914 589 describes a liquid crystal 

display apparatus and control method thereof. The liquid crystal display 

apparatus includes an LCD panel, a backlight unit, a cooling fan and a 

controller which selectively controls either the fan driver of the backlight unit 

to set a rotation speed of the cooling fan to be corresponded with a 

25 luminance value of the backlight unit. One problem in this approach is that 

only the luminance value of the backlight unit is taken into consideration 

when controlling the rotation speed of the cooling fan. Hence, this approach 

is not applicable in outdoor information displays in which a direct sunlight can 

cause extra heat on the LCD panel. 

30 

Another European patent application EP 1 647 766 describes a light emitting 

device package and back light unit for liquid crystal display using the same. 

The package uses a fan to forcibly cool the LED package to increase the 

heat radiation efficiency and to prevent degradation of the device. Also this 

35 solution is not applicable to outdoor information displays due to inter alia the 

fact that the liquid crystal display is not cooled at all. Hence, a direct sunlight 

may increase the temperature of the liquid crystal display too high. 
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Summary of the Invention 

One objective of the present invention is to introduce a thermal management 

system for high brightness TFT liquid crystal displays with LED backlighting, 

5 which enables very high brightness backlight system for information display 

with closed housing. The embodiments of the present invention are based on 

the idea that cooling air flow is provided in between the display panel and the 

backlight, and that there is a separate channel for cooling the backlight. To 

put it more precisely, the information display according to an example 

10 embodiment is mainly characterised in that the information display 

comprises: 

- a first air channel between the display panel and the backlight adapted 

to receive a cooling air flow, and 

- a second air channel adapted to conduct at least part of the heat 

15 generated by the backlight outside the information display, 

wherein the information display is adapted to keep the first cooling air flow 

separate from the second cooling air flow. 

The method for cooling an information display having a housing, a display 

20 panel; and a backlight unit, is mainly characterised in that the method 

comprises: 

providing a first cooling air flow to a first air channel located between the 

display panel and the backlight unit; 

providing a second cooling air flow to a second air channel for conducting 

25 at least part of the heat generated by the backlight unit outside the 

information display; and 

keeping the first cooling air flow separate from the second cooling air flow. 

In some example embodiments a standard TFT display is utilized where a 

30 backlight system is integrated to the TFT panel so that the panel backlight 

form a thin and tight package. In the present invention the panel and the 

backlight system are separated from each other to discrete sub-systems 

wherein an extra air channel is formed between the panel and the backlight. 

This extra air channel can be utilized by directing a cooling air flow to this 

35 channel. 
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Some embodiments of the present invention provide more efficient 

temperature control of information displays than what has been achieved by 

prior art information displays for outdoor use. Because the cooling air flows 

between the display panel and the backlight unit the heat radiated from the 

5 backlight unit does not adversely affect to the display panel wherein the 

temperature of the display panel does not rise too high. 

Another reason for more efficient temperature control is due to the fact that 

the second cooling channel behind the backlight unit is isolated from the first 

10 cooling channel wherein airflows in these two cooling channels are not 

mixed. 

Due to more efficient cooling air circulation inside the housing of the 

information display temperature will be more homogenous inside the housing 

15 of the information display and individual hot spots do not occur so easily than 

in prior art information displays. 

Information displays according to the present invention are better able to 

maintain their operation even in simultaneous high outside air temperature 

20 and solar radiation conditions. 

Other embodiments of the invention are characterized by what is disclosed in 

the other claims. Inventive embodiments are also discussed in the 

description section of the present application. The inventive content of the 

25 application can also be defined differently than in the claims below. The 

inventive content may also consist of several separate inventions, especially 

if the invention is considered in the light of expressions or implicit sub-tasks 

or from the point of view of advantages or categories of advantages 

achieved. Therefore, some of the attributes contained in the claims below 

30 may be superfluous from the point of view of separate inventive concepts. 

Description of the Drawings 

In the following the invention will be described in more detail with reference to 

35 the appended drawings, in which 
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Fig. 1 depicts an information display for outdoor use according to an 

example embodiment of the present invention; 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

depicts a cross-sectional side view of the information display of 

Fig. 1; 

depicts a horizontal cross-sectional view from top of the 

information display of Fig. 1 ; 

depicts examples of cooling air flows inside the information 

display of Fig. 1 as a side view; 

depicts examples of cooling air flows inside the information 

display of Fig. 1 as a top view; and 

depicts a cross-sectional side view of an information display 

according to another embodiment of the present invention. 

Detailed Description of the Invention 

In Figure 1 an example embodiment of an information display 10 according to 

the present invention is depicted as a perspective view. Figure 2 depicts a 

cross-sectional side view of the information display of Figure 1 . The 

information display 10 comprises a housing 20, a display panel 30, a 

25 backlight unit 40 and one or more fans 50-54. The housing 20 may 

comprise a stand 22 so that the information display 1 0 may freely stand on 

the ground or the stand 22 may be used to fix the information display 1 0 to 

the ground. The housing 10 also comprises channels 1 01 , 102 for guiding 

cooling air flows within the housing 20 aiming to improve the cooling of parts 

30 inside the housing 20 of the information display 10, possibly with the help of 

the fans 50-54. The housing 20 of the information display 1 0 also comprises 

at least a partially transparent front plate 21 through which information 

shown by the display panel 30 can be seen. The front plate 21 may also 

provide filtering properties, which reduce the stress of solar radiation while 

35 achieving good transmissivity to visible spectrum. A controlling unit 60 is 

provided to control the operation of the display panel 30, the backlight unit 40 

and the fans 50-54. The information display 10 may also comprise 
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measuring elements (not shown) to measure environmental conditions such 

as temperatures inside and/or outside the housing 20, lightness in the 

environment of the information display 10 etc. The controlling unit 60 may 

use the measured information to control e.g. the operation of the fans and to 

5 control the brightness of the backlight unit 40. 

The display panel 30 is, for example, a thin-film transistor liquid crystal 

display. The display panel 30 may be able to display information in colour or 

it may display information in so called monochrome form. The display panel 

10 30 may comprise e.g. a front glass plate 32, a liquid crystal layer 34, a back 

glass plate 36 and a protective transparent plate 38 at the back of the display 

panel 30. The display panel 30 may also comprise polarizing filters and other 

elements. However, the detailed structure of the display panels 30 may vary 

and it is not necessary to describe it in more detail here. 

15 

The backlight unit 40 may comprise light emitting diodes arranged, for 

example, in an array form (i.e. in rows and columns) so that a uniform 

enough light can be provided by the backlight unit 40 to the display panel 30. 

The light emitting diodes are preferably super high brightness light emitting 

20 diodes so that a high brightness, for example level of 2500 cd/m2
, 3000 

cd/m2 or higher, for example 4000 cd/m2 can be achieved, when measured 

from the front surface of TFT panel. It should be noted here that it is also 

possible to use other kinds of backlight units than backlight units based on 

light emitting diodes in matrix form. For example, a backlight unit based on 

25 plasma technology may be used. The light sources of the backlight unit may 

also have been positioned differently from the matrix form. 

In some example embodiments the display panel 30 and the backlight unit 40 

are formed by using an led display module which comprises both an led 

30 display panel and a backlight unit as an airtight module, which may cause 

that the heat of backlight unit 40 may stress the display panel 30. Thus, in the 

present invention the display panel and the backlight unit are separate from 

each other. Then, the protective transparent plate 38 is attached with the 

display panel so that dust and other impurities can not enter the display panel 

35 30. 
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The display panel 30 and the backlight unit 40 are fixed to the housing 20 by 

appropriate means, for example, by screws, clips, and/or adhesive. 

Next, some details of the channels 101, 102 for guiding cooling air flows 

5 inside the housing 20 will be described with reference to Figures 2 and 3. 

The housing 20 comprises a top wall 23, a bottom wall 24, a front wall 25, a 

back wall 26, and two side walls 27a, 27b. These walls 23-27b define the 

inner space of the housing 20. In the front wall 25 there is an opening for the 

transparent front plate 21. In some other embodiments the front wall 25 is 

10 made of transparent material wherein no openings are needed in the front 

wall. A first heat sink 29 or other kind of cooling profile or cooling element 

may have been attached with the back wall 26 of the housing to conduct heat 

from the inner space of the housing 10 to outside air. The first heat sink 29 

may be formed by using a double-sided profile which has fins on both sides 

15 of the profile. Thus, when such a heat sink is assembled to the back wall 26, 

or in an opening of the back wall 26, one side of the profile and the fins of 

that side are located within the housing 20 and the other side of the profile 

and the fins of the other side are located outside of the housing 20. 

20 There are also inner walls 28 inside the housing 20. These inner walls 28 

form a kind of a conduit 28c or a tubular structure for cooling air. This conduit 

28c acts as a second channel 1 02. The conduit 28c has a first opening 28a 

(air inlet) through the top wall 24 of the housing and a second opening 28b 

(air outlet) through the bottom wall 23 of the housing. Therefore, for 

25 example, cooling air can enter the conduit 28c through the first opening 28a 

and exit the conduit 28c through the second opening 28b. Air flow inside the 

conduit 28c goes at least partially between fins of a second heat sink 42 or 

other kind of cooling profile or cooling element, which may be attached with 

the backlight unit 40. Hence, heat dissipation from the backlight unit 40 to the 

30 second air channel 102 and further to the outside air can be improved. It 

should also be noted here that the cooling air flowing through the conduit 28c 

does not get mixed with the cooling air flows inside the housing 20. 

Therefore, more efficient cooling can be achieved compared with solutions of 

prior art. There may be a fan 53 or a set of fans inside the conduit 28c to 

35 improve the air flow and to enhance the cooling effect of the air. 
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In some other embodiments the first opening 28a and the second opening 

28b may be located in side walls 27a, 27b and/or in the back wall 26 of the 

housing 20. 

5 The second heat sink 42 is preferably fastened directly to the backlight unit, 

wherein one of the inner walls 28 comprise an opening for the second heat 

sink 42. 

Next, air flow circulation inside the housing 20 will be described in more detail 

10 with reference to Figures 4 and 5. In some embodiments the air flow 

circulation inside the housing 20 is closed i.e. the same air circulates and 

outside air may not enter the housing 20. In some other embodiments there 

may be one or more inlets for fresh (cool) air intake and one or more outlets 

for outputting used (warmed) air from the housing 20. In the latter alternative 

15 the inlet may need a filter to prevent or at least to restrict impurities such as 

dust entering the housing 20. 

In the following description the closed air circulation is assumed. There may 

be one or more fans 50-54 inside the housing to improve the air circulation. 

20 Figures 2-5 depict some example locations for the fans but it is obvious that 

in practical applications the number and the location of the fans 50-54 may 

differ from the examples given in Figures 2-5. In this example embodiment 

the rotation direction of the fans is selected so that air flow at the back wall 

26 of the housing is upwards and at the front wall 25 of the housing is 

25 downwards but it can also be the other way around. In other embodiments 

the direction of air flows may vary according to an application. Arrows within 

the housing 20 in Figures 2-5 illustrate air flows according to this example 

embodiment. When air flows at the back wall 26 upwards, possibly forced by 

the first set of fans 50, at least some of the heat generated by the controlling 

30 unit 60 is conducted to the air wherein the temperature of the air rises 

accordingly and the heat is transferred away from the controlling unit 60. This 

phenomenon can be called as convection. The air continues to flow towards 

the top wall 23 of the housing. Near the top wall 23 the air flow turns towards 

the front wall 25 of the housing. There may be another set of fans 51 which 

35 enhance the air flow. Because the display panel 30 and the backlight unit 40 

are separate from each other, there is an air channel (the first air channel 

1 01) between the display panel 30 and the backlight unit 40. Thus, a part of 
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the cooling air can flow through this air channel and increase heat dissipation 

from the display panel 30 and also from the surface of the light emitting 

diodes of the backlight unit 40. Therefore, heat generated by the light 

emitting diodes does not affect so much to the temperature of the display 

5 panel 30 compared to the situation in which the display panel 30 and the 

backlight unit 40 are constructed as one module, with no air channels in 

between. 

A part of the cooling air can also flow in front of the display panel 30, in other 

10 words, between the front glass plate 32 and the transparent front plate 21. 

This air flow may take some heat due to direct sunlight away from the display 

panel thus reducing the effects of the direct sunlight on the display panel 30. 

In another example embodiment depicted in Figure 6 the space between the 

15 transparent front plate 21 of the housing and the front glass plate 32 of the 

display panel 30 may be filled with a transparent medium 21 a. In this 

embodiment there is no air flow between the transparent front plate 21 of the 

housing and the front glass plate 32 of the display panel 30 but still the 

cooling air flowing between the display panel 30 and the backlight unit 40 

20 efficiently keeps the temperature of the display panel 30 low enough to 

prevent damages. 

In some example embodiments there may also be a fan 52 or a set of fans 

on the backside of the housing 20 so that cooling air flows more efficiently 

25 between fins of the first heat sink 20 at the back wall 26 of the housing. 

A customised display design aims to guarantee optical appearance and 

faultless operation in high ambient brightness, high temperature and direct 

sunshine conditions. The present invention enables to produce e.g. rugged 

30 outdoor information high brightness TFT LCD display products with I P65 

rating having an effective thermal management system. This display 

application is capable of surviving in simultaneous high temperature and 

solar radiation conditions. With the help of the structures presented above it 

is possible to implement super high brightness LED backlighting or other high 

35 brightness light sources and to improve the thermal management system so 

that the information display can survive in almost all weather conditions 

without any remarkable limitations in the operation. 
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Claims: 

1. An information display (10) comprising: 

- a housing (20); 

PCT /FI2012/05057 4 

5 - a display panel (30); and 

- a backlight unit (40); 

10 

characterised in that the information display (10) further comprises 

- a first air channel (101) between the display panel (30) and the 

backlight unit (40) adapted to receive a first cooling air flow. 

2. The information display (10) according to claim 1, characterised in that 

the information display (10) further comprises a second air channel (102) for 

a second cooling air flow adapted to conduct at least part of the heat 

generated by the backlight unit (40) outside the information display; wherein 

15 the information display (10) is adapted to keep the first cooling air flow 

separate from the second cooling air flow. 

3. The information display (10) according to claim 1 or 2, characterised in 

that the first air channel (101) is a closed loop providing a closed circulation 

20 of the first cooling air flow inside the housing (20). 

25 

4. The information display (10) according to claim 1, 2 or 3, characterised in 

that the information display (10) further comprises a first heat sink (29) to 

conduct heat from the first cooling air flow outside the housing (20). 

5. The information display (10) according to claim 1, 2, 3 or 4, characterised 

in that the backlight unit (40) is attached with a second heat sink (42) located 

at least partly in the second air channel (102). 

30 6. The information display (10) according to any of the claims 1 to 5, 

characterised in that the information display (10) further comprises a front 

plate (21 ), which is at least partly transparent. 

7. The information display (10) according to claim 6, characterised in that 

35 the information display (10) further comprises a third air channel between the 

front plate (21) and the display panel (30). 
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8. The information display (10) according to claim 6 or 7, characterised in 

that the front plate (21) is adapted to filter solar radiation, and to pass through 

radiation at a visible spectrum. 

5 9. The information display (10) according to any of the claims 1 to 8, 

characterised in that the backlight unit (30) comprises a set of light emitting 

diodes. 

10. The information display (10) according to any of the claims 1 to 9, 

10 characterised in that the display panel (30) comprises a thin-film transistor 

liquid crystal display. 

11. The information display (10) according to any of the claims 1 to 10, 

characterised in that the information display (10) is adapted for outdoor 

15 information display applications. 

12. A method for cooling an information display (10) having a housing (20), a 

display panel (30); and a backlight unit (40), characterised in that the 

method comprises: 

20 - providing a first cooling air flow to a first air channel (101) located 

between the display panel (30) and the backlight unit (40). 

13. The method according to claim 12, characterised by 

providing a second cooling air flow to a second air channel (102) for 

25 conducting at least part of the heat generated by the backlight unit (40) 

outside the information display; and 

keeping the first cooling air flow separate from the second cooling air flow. 

14. The method according to claim 12 or 13, characterised in that the first 

30 cooling air flow is provided as a closed circulation inside the housing (20). 

35 

15. The method according to claim 12, 13 or 14, characterised in that the 

method further comprises using a first heat sink (29) to conduct heat from the 

first cooling air flow outside the housing (20). 

16. The method according to any of the claims 12 to 15, characterised in 

that the information display (10) further comprises an at least partly 
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transparent front plate (21 ), wherein the method further comprises using the 

space between the front plate (21) and the display panel (30) as a third air 

channel. 

5 17. The method according to any of the claims 12 to 15, characterised in 

that a set of light emitting diodes is used as the backlight unit (30). 
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(57) Abrege(suite)/Abstract(continued): 
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 
coo!lng of the backllght 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 fluid system to contact fluld 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 Reid 

[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] Modem 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. 

STL-TCEIPCT ·CDADIV 
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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, 

.§.ummary of t!)e Exemplfry Embodim~~ 

[0005] In an aspect1 there is provided a thermally controlled elec1ronlc display. The 

display comprises a display stack; a backlight assembly positioned posterior to said 

display stack and having a posterior surface; a constricted convection plate in close 

proximity to the posterior surtace of said backllght assembly, the space between the 

convection plate and the posterior surface of the backlight assembly defining a gap 

configured to constrict air to travel between the posterior surface and the constricted 

convection plate; one or more constricted conveC1ion fans adapted to draw air through 

said gap; a first plate of anti-reflective glass positioned anterior to said display stack. the 

space between said anti-reflective glass and said display stack defining an insulating 

gap; a tlnear polarizer positioned anterior to said first plate; and a second plate of anti­

reflective glass positioned anterior to said linear polarizer. 

[0006] In an aspect, there is provided a thermal controt system for an electron!c 

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 entrance, e>dt, 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 9as around the first and second gas chambers; and one or more 

exterior fans adapted to force air over the exterior surfaces of the second gas chamber 

and between the backlight assembly and an exterior surface of the second gas 

chamber. 

CA 2915261 2018-06-19 

SEC et al. v. MRI 
SEC Exhibit 1022.5404 

IPR2023-00221



WO:2009/065115 l1CT/US1008/083792 

t0007] 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 fil'St 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; 

forcing cooling gas over the exterior surfaces of the second gas chamber and 

between the rear surface of the backllght assembly and an exterior surface of the 

second gas chamber; and 

reintroducing the Isolated gas into the first gas chamb~r. 

[0008] 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. 

[0009] In an aspect, there is provided a thennally regulated electronic ~isplay, 

comprising ,an electronic display contained within a housing and having a display 

surface; a flrst 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, 

[0010] In an aspect, there is provided an Isolated gas cooling system for a liquid 

crystal display (LCD) enclosed within a housing, said LCD having a display surface and 

a LED back!ight panel, the system comprising a first glass plate; a second glass plate 
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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: first glass plate and second glass 

plate; a cooling plenum in gaseous communication with the channel to form an isolated 

closed loop; a tirst 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. 

[0011] In an aspect, there ls 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 space between the rear surface and the second gas 

chamber defining a gap; a coohng 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. 

[0012] 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 containing 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 which propels gas around the first and second 

gas chambers; and a fan which forces ambient air into the housing, through the gap, 

and out the exhaust. 

[0013] 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: first glass plate and second glass plate; a cooling plenum in gaseous 
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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 over the cooling plenum and through 

the gap. 

[0014] 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 display; 

placing a closed loop of circulating gas around the display; 

forcing a circulating gas around the closed loop; and 

forcing cooling air through said gap. 

[0015] 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 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 electronic display; and 

forcing cooling air through the gap 

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

[0016] In an aspect, there is provided a method for cooling an LED backlit liquid 

crystal display where the LED backlight contains 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 through the gap; and 

preventing the circulating gas from mixing with the cooling air. 

[0017] 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 cooling 

air travelling along the rear surface of the electronic display without mixing with the 
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circulating gas; wherein the open loop cooling air flows through the center of the closed 

loop of circulating gas. 

[0018] In an aspect, there is provided a thermally 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 suriace 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. 

[0019] In an aspect, there is provided a thermally regulated liquid crystal display 

assembly, the system comprising a liquid crystal stack having a display suriace; 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 liquid crystal stack and LED backllght where circulating gas 

flows through the channel; and an open loop of cooling air contacting the rear surface of 

the LED back1ight. 

[0020] 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; 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. 

[0021] 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 plurality of LEDs mounted on the front side of the PCB: 

a posterior surface on the rear side of the PCB; 
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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. 

[0022] 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 

surfac~; 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 cooling the gas in the closed loop; 

and a means for forcing air through the constricted convection channel. 

[0023] 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. 

[0024] 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. 

[0025] In an aspect, there is provided a system for cooling an electronic display 

comprising: 
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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. 

[0026] 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 

placed to draw ambient air through the channel; wherein the constricted convection 

plate thermally isolates electrical components from the posterior display surface. 

[0027] In an aspect, there is provided a liquid crystal display (LCD) comprising: 

a liquid crystal stack; 

a backHght 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. 

[0028) 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 
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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. 

[0029] 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. 

[0030] 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 

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. 

[0031] 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. 

[00321 Exemplary embodiments may contain one or more of the thermal control 

features disclosed herein. A plurality of thermal control features are dlsclosed and 

these features may be utilized alone or in any combination. The precise combination of 

features would depend upon the particular cooling/heating needs of the display at issue, 

which would depend upon the type of display, size of the display, and its particular 

environment. The embodiments may be practiced with any form of electronic display, 

including but not limited to: LCD, light emitting diode (LED), organic light emitting diode 

(OLEO), field emitting display (FED), cathode ray tube (CRT), plasma, and projection 

displays. An exemplary embodiment would be practiced with LCD displays. 
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[0033] One thermal feature relates to an isolated gas cooling system. The gas cooling 

system is preferably a closed loop which includes a first gas chamber comprising a 

transparent anterior plate and a second gas chamber comprising a cooling plenum. 

The first gas chamber is anterior to and coextensive with the viewable face of the 

electronic display. The transparent anterior plate may be set forward of the electronic 

display surface, defining the depth of the first gas chamber. A cooling chamber fan, or 

equivalent means, may be located within the cooling plenum and may be used to propel 

gas around the isolated gas cooling chamber loop. As the gas traverses the first gas 

chamber it contacts the electronic display surface, absorbing heat from the display 

surface. Because the gas and the relevant surfaces of the first gas chamber are 

transparent, the image quality remains excellent. After the gas has traversed the 

transparent first gas chamber, the gas may be directed into the rear cooling plenum 

where it is cooled. 

[0034] Another thermal feature may utmze 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 cool!ng plenum only, heating plenum only, 

or a combination heating/cooling plenum; all depending upon the particular display and 

its particular operating environment. 

[0035] 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 
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electronic components. can also heat the gas in the plenum, reducing the amount of 

energy which needs to be applied to the heating elements. 

[0036] A linear polarizer may be used in some embodiments to further reduce the 

solar loading on the electronic display. This polarizer can be used in combination with 

the isolated gas chamber, or may simply be placed anterior to the electronic display with 

an insulating gap between the polarizer and the display. The Insulating gap reduces the 

amount of heat that is transferred between the polarizer and the display. 

[0037] Some electronic displays, such as LCDs for example, require a backlight 

assembly to produce an image upon the display surface. The backlight assemblies are 

typically a large source of heat for the display. Thus, some embodiments may utilize a 

constricted convection system to cool the backlight unit for the display. The constricted 

convection system may comprise a constricted convection plate which is placed in close 

proximity to the backlight assembly in order to define a gap. Gas is forced through the 

gap in order to facilitate more efficient cooling of the backlight assembly. In some 

embodiments a wall of the plenum may constitute the constricted convection plate. 

[0038] Some embodiments may also utilize an air curtain device which forces air 

(either warm or cold) over the exterior surface of the display assembly. 

[0039] 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 

[0040] 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: 

[0041] FIGURE 1 is a perspective view of an exemplary embodiment in conjunction 

with an exemplary electronic display. 

[0042] FIGURE 2 is an exploded perspective view of an exemplary embodiment 

showing components of the isolated gas cooling system. 
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[0043] FIGURE 3 is top plan view of an exemplary embodiment of the cooling 

chamber. 

[0044] FIGURE 4 is a front perspective view of an embodiment of the isolated cooling 

chamber, particularly the transparent anterior surface of first gas chamber. 

[0045] FIGURE 5 is a rear perspective view of an embodiment of the isolated cooling 

chamber, showing optional electrical components placed in the plenum. 

[0046] 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 

[0047] 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. 

[0048] FIGURE 8 is a front perspective view of an embodiment of the isolated cooling 

chamber with included thermoelectric modules. 

[0049] FIGURE 9 is a top plan view of an exemplary embodiment of the cooling 

chamber with included thermoelectric modules. 

[0050] FIGURE 10 is an exploded perspective view of an exemplary embodiment 

showing components of the Isolated gas cooling system. 

[0051] FIGURE 11 is a top plan view of an exemplary embodiment of the heating 

chamber. 

[0052] FIGURE 12 is a rear perspective view of an embodiment of the heating 

chamber, showing optional electrical components and heating elements. 

[0053] 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. 

[0054] FIGURES 15A and 15B are side views of exemp!ary embodiments of the 

constricted convection cooling system with a constricted convection plate. 

[0055] FIGURE 16 is a top plan v!ew of an exemplary embodiment where the cooling 

plenum is utilized as the constricted convection plate. 

[0056] FIGURES 17A-17C are cross-sectional views of embodiments where the 

cooling plenum is utilized as the constricted convection plate. 

[0057] FIGURE 18 is a front plan view of a display utilizing an air curtain device. 

[0058] FIGURE 19 is a cross-sectional view of a display utilizing an air curtain device, 
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[0059) FIGURE 20 is an illustration showing the components for a liquid cooled 

display. 

Detailed Description 

[0060] It is to be understood that the spirit and scope of the disclosed embodiments 

includes thermally controlling displays including, but not limited to LCDs. For simple 

explanation purposes, embodiments may be described with respect to the components 

for LCD displays. By way of example and not by way of limitation, embodiments may 

be used in conjunction with displays selected from among LCD, light emitting diode 

(LED), organic light emitting diode (OLEO), field emitting display (FED), cathode ray 

tube (CRT), plasma, and projection displays. Furthermore, embodiments may be used 

with displays of other types including those not yet discovered. In particular, it is 

contemplated that embodiments may be well suited for use with full color, flat panel 

OLEO displays. Further, it is particularly contemplated that embodiments may be used 

with relatively large, high definition LCD displays. While the embodiments described 

herein are well suited for outdoor environments, they may also be appropriate for indoor 

applications (e.g., factory environments, coolers/freezers, etc.) where thermal stability of 

the display may be at risk. 

Isolated Gas Cooling System 

[0061] As shown in FIGURE 1, when the display 10 is exposed to outdoor elements, 

the temperatures inside the display 1 O may vary greatly without some kind of cooling 

device. As such, the display 10 may not function properly or may have a greatly 

reduced life span. Direct sunlight is especially problematic in causing increases in the 

internal temperature of the display 10. 

[0062] 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. 
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[0063] As shown in FIGURE 2, an exemplary embodiment of the electronic display 10 

includes an isolated gas cooling chamber 20 contained within a display housing 70. A 

transparent first gas chamber is defined by spacers 100 and transparent front plate 90. 

A second transparent front plate 130 may be laminated to front plate 90 to help prevent 

breakage of front plate 90 and protect the interior of the display. Cooling chamber 20 

surrounds a d!splay stack 80 and associated backlight assembly 140 .. 

[0064] The display 1 0 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 

contacts the external surface of plenum 45. Alternatively, the fans 60 may simply ingest 

ambient air, 

[0065] Referring to FIGURE 3, embodiments of the iso!ated 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. 

[0066] 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. 

[0067] 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 
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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. 

[0068) Referring to FIGURE 4, the front plate 90 may be set forward from the 

electronic display surface 85 by spacing members 100. The spacing members 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 suliace 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 11 0 and exit opening 120. 

[0069] 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). 

[0070] 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. 
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[0071] 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 wiU be maximized. 

[0072] Referring to Fig. 4, the front plate 90 of the first gas chamber 30 is transparent 

and is positioned anterior to the electronic display surface 85. The arrows shown 

represent the movement of the isolated gas through the first gas chamber 30. As 

shown, the isolated gas traverses the first gas chamber 30 in a horizontal direction. 

Although cooling system 20 may be designed to move the gas in either a horizontal or a 

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

dust or contaminates do enter the first gas chamber 30, they will tend to fall to the 

bottom of chamber 30 outside of the viewable area of the display. The system may 

move air left to right, or alternatively, right to left. After the gas traverses the first gas 

chamber 30 it exits through exit opening 120. Exit opening 120 defines the entrance 

junction into the rear cooling plenum 45. 

[0073] 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. 

[007 4] If desired, various electronic components 200 can be placed anywhere 

throughout the second gas chamber 40. The electronic components 200 may include, 
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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.) 

[0075] 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 

chamber 40. These features 150 may be positioned at numerous locations on the 

surface of the plenum 45. 

[0076] 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. 

[0077] 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 

[0078] 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 
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located within the second gas chamber 40 and operate to warm the gas as it passes 

through the second gas chamber 40. These heating elements can be any one of the 

many commonly available heating elements or thermoelectric modules. Many times, 

these elements are simply a material which contains a high electrical resistance, and 

thus generates heat when current flows through it. The heating elements can be, but 

are not limited to, any one of the following: nichrome wire or ribbon, screen printed 

metal/ceramic tracks deposited on ceramic insulated metal (generally steel) plates, 

CalRod (typically a fine coil of nichrome wire in a ceramic binder, sealed inside a tough 

metal shell), heat lamp, and Positive Thermal Coefficient (PTC) of resistance ceramic. 

[0079] 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. 

[0080] While the display is operational, the isolated gas cooling system may run 

continuously. However, if desired, a temperature sensor (not shown) and a switch (not 

shown) may be incorporated within the electronic display. Thus, a thermostat may be 

used to detect when temperatures have reached a predetermined threshold value and 

the isolated gas system may be selectively engaged when the temperature in the 

display reaches a predetermined value. Predetermined temperature thresholds may be 

selected and the system may be configured to heat, cool, or both heat and cool the 

display to advantageously keep the display within an acceptable temperature range. 

Linear Polarizer with Optional Insulator Gap 

[0081] FIGURE 13 is a cross-sectional view of another exemplary embodiment for 

another themial control feature. In the arrangement shown, the front plate 90 and a 

second front plate 130 may be comprised of glass and may be laminated together. The 

first and second front panels 130 and 90 may be fixed to one another with a layer of 
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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 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. 

[0082] The second front panel may have a first surface 202 and a second surface 

208. The first surface 202 may be exposed to the elements; while the second surface 

208 may be fixed to the first front plate 90 by the index matched optical adhesive 201. 

The first front plate 90 may have a third surface 209 and a fourth surface 204. The third 

surface 209 may be fixed to the second front plate 130 by the index matched optical 

adhesive 201; while the fourth surface may be directly adjacent to the insulator gap 300. 

In some embodiments, to decrease the solar loading of the display stack 80 and 

improve the viewable image quality, an anti-reflective coating may be applied to the first 

surface 202 and the fourth surface 204. In other embodiments, the anti-reflective 

coating may only be applied to at least one of the first, second, third, or fourth surface 

202,208,209, and 204, respectively. 

[0083] 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 
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stack 80. The reduction in solar loading may significantly reduce the internal 

temperature of the electronic display. The Unear 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 lnsulation 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. 

[0084] !t should also be noted that the second front plate 130 is not required 

Embodiments may utilize only the first front plate 90 with a linear polarizer attached to 

either the posterior or anterior surface of the front plate 90. An anti-reflective layer may 

also be attached to either the anterior or posterior surface of the front plate 90. The 

front plate 90 may be tempered for additional strength if using only the front plate 90 

without the second front plate 130. 

Constricted Convection 

[0085] Some types of electronic displays requ1re a backlight assembly in order to 

generate an image upon a viewable screen. LCDs are one type of display that requires 

a backlight assembly. other types of displays, such as plasma displays and OLEDs, do 

not require a backlight assembly as they generate light themselves. However, these 

types of displays still generate a significant amount of heat. Thus, in the foregoing 

description, the constricted convection system will be described with regard to a 

backlight assembly, but it should be noted that the embodiments can be practiced with 

other types of displays. Therefore, when a backlight or backlight assemblies are 

discussed, these assemblies could also be the rear surfaces of other heat-generating 

displays and the constricted convection system would facilitate more efficient cooling of 

these alternate displays. It should also be noted that Figures 15A-15B and Figures 

17A-17C are not necessarily drawn to scale. The relationship between the elements 

may be exaggerated for explanatory purposes. 

[0086] FIGURE 15A shows a cross-sectional view of the backlight 140 with the 

constricted convectlon plate 300, the space between the posterior surface of the 

backlight 140 and the constricted convection plate defines a narrow gap 305 to constrict 
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air to travel between them. 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 

embodiment for the constricted convection system where one or more constricted 

convection fans 31 O push air through the gap 305. 

[0087] 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. 

[0088] 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. 

[0089] 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 178. 
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[0090] 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 faclng 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 

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. 

[0091] 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 thennostat 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 

[0092] 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. 
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[0093] FIGURE 18 shows an electronic display 10, having a housing 70 and a front 

plate 90. The air baffles 114 for the air curtain can be seen as a broken line in the 

figure. Cross-section line 19-19 can also be seen in this figure. 

[0094] FIGURE 19 shows the cross-sectional view from the line 19-19 shown in 

Figure 18. This figure shows the circulation of air through the housing 70 when fans 60 

are actuated. As discussed above, fans 60 ingest air into the housing 70 through 

entrance 51. This air may be ambient air or alternatively may be air conditioned air. 

The flow of ingested air is shown as arrow 111. Once inside the display housing 70, the 

air may flow upwards along flow arrow 121. This air may be utilized with any of the 

above mentioned thermal control features. For example, this air may be used to cool 

the isolated gas within the second chamber (plenum) or may be used with the 

constricted convection system described above. 

[0095] For explanatory purposes, the details of the internal components of the display 

have been omitted from this figure and only a cavity 61 is shown. It should be noted, 

that the air curtain can be practiced with any type of electronic display and with any 

combination of the thermal control features described above. Various internal features 

(not shown) may be placed within the cavity 61 to direct the air towards the baffles 114. 

The ingested air may continue through the cavity 61 along arrow 121 until it reaches the 

baffles 114 which may direct the air against the exterior display surface. This exterior 

surface may be the first front plate 90, or alternatively, any of the additional front plates 

which are described in detail above (ex. second front plate 130). 

[0096] 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 

[0097] FIGURE 20 is an explanatory schematic illustrating another thennal 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 
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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. 

[0098] Reservoir tank 37 holds the primary volume of coolant fluid and provides 

surface area to conduct heat away from the fluid while it is contalned 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 results. 

However, in order to minimize curvature of plates 44 and 128, it is preferable to position 

pump 47 after the cooling chamber 4 so that the pump actually pulls liquid coolant from 

the bottom to the top of cooling chamber 4. If the pump is so positioned, engaging the 

pump creates an area of low pressure at the top of the cooling chamber 4. In this way 

fluid flows through the cooing chamber 4 according to the arrows. Due to the 

"slipperiness" of some coolant fluids, pump 47 is preferably a positive displacement 

pump. 

[0099] !n order to regulate the flow of coolant fluid through the cooling chamber, a 

bypass llne 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. 

[00100] 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 slze 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 
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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. 

[00101] An optional filter 83 may be added to remove contamination in the fluid. 

Preferably, a radiator 72 and fan unit 94 may also be included to provide even greater 

thennal stability. Optionally, a spigot (not shown) may be provided to facilitate the 

process of filling and emptying the coolant fluid from the system. 

[00102] In operation, fluid exits the reservoir tank 37 from an output port 13 which may 

be located beneath the tank 37. On its way to the cooling chamber 4, the fluid passes 

· through optional filter 83. From the filter 83, the fluid next enters the cooling chamber 4 

through inlet 98 of manifold 59. The fluid coolant travels up through the fluid 

compartment of the cooling chamber 4 in the direction indicated (dash arrows). The 

coolant fluid exits cooling chamber 4 through outlet 99 of the upper manifold 60. 

Preferably, the fluid is then received by an optional radiator 72. While traveling through 

the optional radiator 72, an optional fan unit 94 may force air past the radiator 72 to 

assist in transferring heat away from the coolant fluid. Pump 47, which may be 

positioned after the radiator 72, can pull the fluid toward the reservoir tank. The fluid is 

received into the reservoir tank 37 through return port 14. Preferably, return port 14 

may be disposed at a location that is relatively distant from exit port 13 so as to allow 

the returning fluid the maximum opportunity to cool before it exits the reservoir tank 37 

through port 13. 

[00103] 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. 
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[00104] 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 wlth a thermostat (not shown) to advantageously keep the display at 

a relatively constant temperature, or at least within a range of acceptable temperatures. 

Alternatively, to avoid the need for a thermostat, the pump 47 may run continuously 

when the electronic display is operational. 
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CLAIMS 

1. A thermally controlled electronic display comprising: 

a display stack; 

PCT/US2008/083792 

a backlight assembly positioned posterior to said display stack and having a 

posterior surface; 

a constricted convection plate in close proximity to the posterior surface of said 

backlight assembly, the space between the convection plate and the 

posterior surface of the backlight assembly defining a gap configured to 

constrict air to travel between the posterior surface and the constr[cted 

convection plate; 

one or more constricted convection fans ·adapted to draw air through said gap; 

a first plate of anti-reflective glass positioned anterior to said display stack, the 

space between said anti-reflective glass and said display stack defining 

an insulating gap; 

a linear polarizer positioned anterior to said first plate; and 

a second plate of anti"reflective glass positioned anterior to said linear polarizer. 

2. The display of claim 1 further comprising: 

an air curtain device adapted to force air upon the second plate of anti-reflective 

glass. 

3. The display of one of claims 1 and 2 wherein said backlight assembly comprises: 

a printed circuit board (PCB) with an anterior and posterior surface: 

a plurality of LEDs attached to the anterior surface of said PCB; and 

a metallic coating applied to the posterior surface of said PCB. 

4. The display of one of claims 1 to 3 the display further comprising: 

a first gas chamber comprising said insulating gap and having an entrance and 

exit, 
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a second gas chamber in gaseous communication with the entrance and exit of 

said first gas chamber and positioned posterior to the electronic display 

surface, said second gas chamber having interior and exterior surfaces; 

one or more chamber fans within said second gas chamber to propel gas around 

the first and second gas chambers; and 

means for cooling the gas contained within the second gas chamber. 

5. 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 surf ace; 

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. 

6. 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 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 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. 

7. 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; 

. 28 
STL•TCE/PCT-CDADIV 

CA 2915261 2018-06-19 

SEC et al. v. MRI 
SEC Exhibit 1022.5430 

IPR2023-00221



WO2009/06512.S PCT/US:2008/083792 

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. 

8. A liquid crystal display (LCD) comprising: 

a liquid crystal stack; 

a backllght assembly behind the liquid crystal stack and comprising: 

a printed circuit board (PCB) having f~ont 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 constrict~d 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. 

9. 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 conveetion 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. 

10. 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 
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a fan placed to draw ambient air through the channel; 

wherein the constricted conveciion plate thermally isolates electrical components 

from the posterior display surface. 

·11. A liquid crystal display (LCD) comprising: 

a liquid crystal stack; 

a backllght 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 ,he constricted convection plate and the 

posterior surface. 

12. 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. 
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ABSTRACT 

The exemplary embodiments herein provide a figure eight closed loop of circulating gas 

pathways wrapping around an electronic display. One or more open loop ambient air 

pathways may pass through the figure eight but do not allow the circulating gas and the 

ambient air to mix. In some embodiments, the open loop ambient air pathway travels 

along a rear surface of the electronic display. In some embodiments, the circulating gas 

N pathways contain a front channel placed in front of the electronic display, a rear channel 
t-
~ 

0 placed behind the electronic display, and a center channel placed between the front and 
N 

rear channels. Pass-through apertures may be placed within the path of the circulating 

gas and/or the ambient air to allow the paths of the two gaseous matters to cross 

without allowing them to mix with one another. 
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FIGURE EIGHT CLOSED LOOP COOLING SYSTEM FOR ELECTRONIC 

DISPLAY 

Cross-Reference to Related Applications 

[0001] The present application is a divisional application of Australian Patent 

Application No. 2014287438. The contents of Australian Patent Application No. 

2014287438 are incorporated herein by reference in their entirety, for all purposes. 

This application claims priority to US Provisional Application No. 61/843,706 filed on 

July 8, 2013 which is herein incorporated by reference in its entirety. 

Technical Field 

[0002] Embodiments generally relate to cooling systems for electronic displays. 

Backaround of the Art 

[0003] Electronic displays are sometimes used in outdoor environments or other 

areas where the surrounding temperatures may be high or there may be other sources 

of heat such as solar loading causing the temperatures within the display to rise. 

However, some portions of the display can be difficult to cool as simply ingesting 

ambient air into some portions of the display can introduce dust and contaminates into 

sensitive portions of the display, which can lead to premature failures. 

Summary 

[0003a] It is an object of the present invention to substantially overcome or at least 

ameliorate one or more of the above disadvantages. 

[0003b] According to one aspect of the present disclosure, there is provided herein a 

cooling assembly for an electronic display comprising: a closed loop of gas pathways 

for circulating gas comprising: a front channel placed in front of the electronic display, a 

rear channel placed behind the electronic display, a center channel placed between the 

front and rear channels and_comprising a first and second plurality of subchannels, a 

first plurality of pass-through apertures connecting the first plurality of subchannels to 

only the front channel, and a second plurality of pass-through apertures connecting the 
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second plurality of subchannels to only the rear channel; a first open loop pathway for 

ambient air positioned between the electronic display and the center channel; and a 

second open loop pathway for ambient air positioned between the center channel and 

the rear channel. 

[0003c] According to another aspect of the present disclosure, there is also provided 

herein a cooling assembly for an electronic display comprising: a front channel defined 

by the space between a front surface of the electronic display and a transparent plate; 

a first open loop pathway defined by the space between a rear surface of the electronic 

display and a front plate; a rear plate positioned behind the electronic display and 

having a first side forming part of a rear channel and an opposing side forming part of a 

second open loop pathway; a center channel placed between the first and second open 

loop pathways and comprising a first and second plurality of independent subchannels; 

a plurality of pass-through apertures connecting the first plurality of independent 

subchannels to only said front channel and connecting the second plurality of 

independent subchannels to only said rear channel; a closed loop fan positioned to 

force circulating gas through the front channel, rear channel, and center channel; and 

an open loop fan positioned to force ambient air through the first and second open loop 

pathways. 

[0004] One or more embodiments provide a figure eight closed loop circulating gas 

path which defines a center channel for the closed loop of circulating gas. A pair of 

open loop ambient air channels may be placed on opposite sides of the center channel, 

in order to remove heat from at least the center channel and the closed loop circulating 
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gas. One or more open loop ambient air pati1ways may pass through the figure eigilt 

but do not allow the circulating gas and the ambient air to mix. In some embodiments, 

the open loop ambient air pathway travels along a rear surface of the electronic display. 

In some embodiments, the circulating gas pathways contain a front channel placed in 

front of the electronic display, a rear channel placed behind the electronic display, and a 

center channel placed between the front and rear channels. Pass-through apertures 

N may be placed within the path of the circulating gas and/or the ambient air to allow the 
t'-· 
,.,.,.,..; 

0 paths of the two gaseous matters to cross without allowing them to mix with one 
N 

another. 

[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 simplified illustration of an exemplary embodiment of the figure 

eight closed loop cooling system. 

[0008] FIGURE 2 is a side rear perspective view showing the overall assembly of the 

display with the rear cover removed and indicating the section line 3-3. 

[0009] FIGURE 3 is a perspective section view taken from the section line 3-3 and 

indicating the locations for Detail 4 and Detail 5. 

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

[0011] FIGURE 5 is a detailed perspective section view of Detail 5. 
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[0012] FIGURE 6 is a bottom rear perspective view showing the overall assembly of 

the display and indicating the section line 7-7. 

[0013] FIGURE 7 is a perspective section view taken from the section line 7-7. 

Detailed Description 

[0014] The invention is described more fully hereinafter with reference to the 

N accompanying drawings, in which exemplary embodiments of the invention are shown. 
t'-· 
,.,.,.,..; 

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

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

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

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

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

[0015] The terminology used herein is for the purpose of describing particular 

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

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

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

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

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

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

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

[0016] Embodiments of the invention are described herein with reference to 

illustrations that are schematic illustrations of idealized embodiments (and intermediate 

structures) of the invention. As such, variations from the shapes of the illustrations as a 

result, for example, of manufacturing techniques and/or tolerances, are to be expected. 

Thus, embodiments of the invention should not be construed as limited to the particular 
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shapes of regions illustrated herein but are to include deviations in shapes that result, 

for example, from manufacturing. 

[0017] Unless otherwise defined, all terms (including technical and scientific terms) 

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

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

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

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

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

herein. 

[0018] FIGURE 1 is a simplified illustration of an exemplary embodiment of the figure 

eight closed loop cooling system 400. This exemplary embodiment contains a plurality 

of channels in the assembly. The front channel 18 is placed in front of the display 160 

and preferably allows closed loop circulating gas 20 to remove heat from the front of the 

display 160. The front open loop channel 16 is positioned behind the display 160 and 

preferably allows open loop air 15 to pass behind the display 160, removing heat at 

least from the rear portion of the display 160 and the center channel 13. The center 

channel 13 is preferably positioned between the front open loop channel 16 and the rear 

open loop channel 11 and allows closed loop circulating gas 20 to cross paths with itself 

(creating the figure eight) and to cross paths with the open loop air 10 and 15 without 

allowing the closed loop circulating gas and open loop air to mix. 

[0019] The rear open loop channel 11 is preferably positioned immediately adjacent to 

the center channel 13, and allows open loop air 10 to flow through, thereby removing 

heat from the center channel 13 (andior the closed loop circulating gas 13 contained 

within) and the rear channel 30. The rear channel 30 is positioned near the rear of the 
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display and may contain various electronic components 35 for operating the overall 

display assembly, fans, or the display 160 itself. 

[0020] In an exemplary embodiment, the front channel 18, center channel 13, and rear 

channel 30 are in sealed gaseous communication with each other. In other words, 

these channels do not permit closed loop circulating gas 20 to substantially escape or to 

allow ambient air or open loop air to enter these channels. Also in an exemplary 

N embodiment, open loop air 10 and 15 is simply ambient air surrounding the display 
t'-· 
,.,.,.,..; 

0 assembly. However, in some embodiments the open loop air 1 0 and 15 may be treated 
N 

in some way (ex. filtered, air conditioned, or pre-cooled in some way) prior to being 

ingested into the display assembly. In this particular embodiment, the closed loop fan 

100 is positioned within the rear channel 30, although this is not required. All that is 

required is that the closed loop fan 100 is positioned to force the closed loop circulating 

gas 20 through the front channel 18, center channel i 3, and rear channel 30. The 

closed loop circulating gas 20 can be any gaseous matter that preferably does not 

contain large amounts of particulate. However, it does not ~,ave to be pure gas of any 

type; simple clean air works fine with the exemplary embodiments. 

[0021] FIGURE 2 is a side rear perspective view showing the overall assembly of the 

display with the rear cover removed and indicating the section line 3-3. In this particular 

embodiment, the display assembly is designed for a portrait orientation with the closed 

loop fans 100 positioned at the top of the assembly and the open loop fans 200 

positioned at the bottom of the assembly. This is of course not required however, as 

the embodiments herein can be flipped or oriented for a landscape orientation if desired. 

Further, the open loop fans 200 do not have to be placed at the bottom of the assembly, 

but could be positioned anywhere so that the open loop air travels in the paths specified 
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in these exemplary embodiments. It of course goes without saying that additional fans 

could also be used to increase flow rates and/or pressure. 

[0022] FIGURE 3 is a perspective section view taken from the section line 3-3 and 

indicating the locations for Detail 4 and Detail 5. Here, the front channel 18 is defined 

between the front transparent plate 150 and the electronic display 160. In an exemplary 

embodiment the electronic display 160 may be an LED backlit liquid crystal display 

N (LCD), but this is not required. Alternative embodiments may utilize any type of flat 
t'-· 
,.,.,.,..; 

0 panel electronic display, including but not limited to plasma, OLEO, electroluminescent 
N 

polymers, or similar. In some embodiments, the various electrical components 35 

(power supplies, printed circuit boards, microprocessors, electronic storage, etc.) may 

be attached and in thermal communication with a plate 31 whic!1 may form the rear 

portion of cilannel 11 for open loop air 10. In tilis way, heat that is generated by the 

electrical components 35 may be transferred to the plate 31, where it can be removed 

by open loop air 10. 

[0023] FIGURE 4 is a detailed perspective section view of Detail 4. Closed loop 

circulating gas 20 is permitted to pass through the rear open loop channel 11 without 

mixing with the open loop air 1 0 by use of pass-through apertures 200, which provide 

sealed gaseous communication between the rear channel 30 and the center channel 

13, without permitting open loop air 10 to enter the channels 30 and 13. in an 

exemplary embodiment, rear open loop channel 11 may also contain cooling fins 400 

for distributing heat from the adjacent channels (30 and 13) and/or electronic 

components 35 in order to be efficiently removed by the open loop air "10. Similarly, 

front open loop channel 16 may also contain cooling fins 450 for distributing heat from 

the adjacent channels (30 and 18) and/or the rear surface of the display 160 in order to 

be efficiently removed by the open loop air 15. In an exemplary embodiment, the 
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display 160 contains a direct lit LED backlight where the cooling fins 450 are placed in 

thermal communication with the LED backlight. The cooling fins 450 and 400 may be 

comprised of any thermally conductive material, but would preferably be comprised of 

metal and in an exemplary embodiment would be a thin sheet (or multiple thin sheets) 

of metal. 

[0024] FIGURE 5 is a detailed perspective section view of Detail 5. Closed loop 

N circulating gas 20 is permitted to pass through the front open loop channel 16 without 
t'-· 
,.,.,.,..; 

0 mixing with the open loop air 15 by use of pass-through apertures 205, which provide 
N 

sealed gaseous communication between the front channel ·18 and the center channel 

13, without permitting open loop air 15 to enter the channels 18 and 13. 

[0025] FIGURE 6 is a bottom rear perspective view showing the overall assembly of 

the display and indicating the section line 7-7. 

[0026] FIGURE 7 is a perspective section view taken from the section line 7-7. The 

center channel 13 is preferably divided into a plurality of subchannels 300 and 305. On 

this end of the overall assembly, subchannels 300 are in gaseous communication witr1 

the pass-through apertures 200 (which connects the subchannel 300 with the rear 

channel 30) while subchannels 305 are in gaseous communication with the pass­

through apertures 205 (which connects the subchannel 305 with the front channel 18). 

However, on the opposite end of the assembly (see Figure 3) subchannels 300 are in 

gaseous communication with the pass-through apertures 205 (which connects the 

subchannel 300 with the front channel 18) while subchannels 305 are in gaseous 

communication with the pass-through apertures 200 (which connects the subchannel 

305 with the rear ctiannel 30). In t!iis way, the closed loop of circulating gas 20 travels 

through t!1e front channel 18, ti1roug!1 a pass-through aperture to travel along 

subc!iannel 305, through another pass-through aperture to travel along the rear channel 
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30, through another pass-through aperture to travel along the subchannel 300, and 

finally throug!1 another pass-through aperture to return to the front channel '18. In this 

way, the closed ioop of circulating gas 20 performs the 'figure eight' through the 

assembly, as it weaves its way across the front channel 18, through the center ctmnnel 

'13, across the rear channel 30, again through the center channel 13, and returning to 

the front channel 18. 

N [0027] It should be noted that subchannels 300 and 305 may not be required in some 
t'-· 
,.,.,.,..; 

0 embodiments as the center channel 13 could be completely open. It should also be 
N 

noted that other embodiments may use the subchannels 300 and 305 but would not 

allow a single subchannel to communicate gaseously with both the front channel 18 and 

the rear channel 30. In other words, w!1en viewing the end of the assembly as shown in 

Figure 7, the opposing end of the assembly would be substantially similar. Thus, 

subchannels 300 would only communicate with pass-through apertures 200 and the 

rear ct1annel 30, while the subct1annels 305 would only communicate with pass-through 

apertures 205 and front channel 18. Thus, in this embodiment there would be two 

separate closed loops. 

[0028] Although there is preferably gaseous communication throughout the figure 

eight, subchannel 300 directs the flow of closed loop circulating gas 20 through rear 

channel 30 and center channel 13 while subchannel 305 directs the flow of closed loop 

circulating gas 20 through the center channel 13 and front channel 18. In this preferred 

embodiment, the subchannels 300 and 305 allow separate flow paths for closed loop 

circulating gas 20 within the center channel 13, without requiring additional fans. These 

separate flow paths which cross through the center and loop around the display in a 

single continuous flow, define the figure eight path for the closed loop circulating gas 20 

(seen also in Figure 1 ). Further, in this preferred embodiment, the flow direction of 
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closed loop circulating gas 20 ti1rough the center channel 13 is opposite the flow 

direction of open loop air 15 and 10, creating a counter-flow heat exchanger between 

the center channel 13 and the front/rear open loop channels 11 and 16. However, this 

is not required, as a parallel flow or a cross flow design would work as well. 

[0029] In an exemplary embodiment, the rear channel 30 would share a plate with the 

rear open loop channel 1 1 , such that one side of the plate would be within the rear 

N channel 30 while the opposing side of the plate would be within the rear open loop 
t'-· 
,........; 

0 channel 11. This arrangement is illustrated in Figure 3 with the rear plate 31. Similarly, 
N 

it may be preferable for the center channel 13 and the rear open loop 11 to share a 

plate, such that one side of the plate is within the center channel 13 while the other side 

of the plate is within the rear open loop 11. Similarly, it may be preferable for the center 

channel 13 and the front open loop i 6 to share a plate. Finally, it may also be 

preferable for the rear surface of the display 160 to form the front wail of the front open 

loop 16, such that open loop ambient air 15 can remove heat from the electronic display 

160. In some embodiments tr1e rear surface of the display 160 would be the rear 

surface of a metallic PCB holding a plurality of LEDs for the backlight 

[0030] Having shown and described a preferred embodiment of the invention, those 

skilled in the art will realize that many variations and modifications may be made to 

affect the described invention and still be within the scope of the claimed invention. 

Additionally, many of the elements indicated above may be altered or replaced by 

different elements which will provide the same result and fall within the spirit of the 

claimed invention. It is the intention, therefore, to limit the invention only as indicated by 

the scope of the claims. 
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CLAIMS 

1. A cooling assembly for an electronic display comprising: 

a dosed loop of gas pathways for circulating gas comprising: 

a front channel placed in front of the electronic display, 

a rear channel placed behind the electronic display, 

a center channel placed between the front and rear channels and 

comprising a first and second plurality of subchannels, 

a first plurality of pass-through apertures connecting the first plurality of 

subchannels to only the front channel, and 

a second plurality of pass-through apertures connecting the second plurality 

of subchannels to only the rear channel; 

a first open loop pathway for ambient air positioned between the electronic 

display and the center channel; and 

a second open loop pathway for ambient air positioned between the center 

channel and the rear channel. 

2. The cooling assembly of claim 1 further comprising: 

a closed loop fan positioned to force circulating gas through the closed loop of 

gas pathways; and 

an open loop fan positioned to force ambient air through the first and second 

open loop pathways. 

3. The cooling assembly of claim 1 further comprising: 

a rear plate having a posterior and anterior side and placed within the rear 

channel; 

a plurality of electronic components attached to the posterior side of the rear 

plate; and 

wherein the anterior side of the rear plate forms a portion of the second open 

loop pathway. 

4. The cooling assembly of claim 1 wherein: 

the first and second plurality of pass--through apertures contain a hole in the 

center and are arranged such that the circulating gas travels through the 

hole in the center while the ambient air travels around the pass-through 

aperture. 
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The cooling assembly of claim 1 wherein: 

the second open loop pathway and the rear channel share a plate such that a 

side of the plate is within the rear channel while an opposing side of the 

plate is within the second open loop pathway. 

The cooling assembly of claim 1 wherein: 

the center channel is placed between the first and second open loop pathways. 

A cooling assembly for an electronic display comprising: 

a front channel defined by the space between a front surface of the electronic 

display and a transparent plate; 

a first open loop pathway defined by the space between a rear surface of the 

electronic display and a front plate; 

a rear plate positioned behind the electronic display and having a first side 

forming part of a rear channel and an opposing side forming part of a 

second open loop pathway; 

a center channel placed between the first and second open loop pathways and 

comprising a first and second plurality of independent subchannels; 

a plurality of pass-through apertures connecting the first plurality of independent 

subchannels to only said front channel and connecting the second plurality 

of independent subchannels to only said rear channel; 

a closed loop fan positioned to force circulating gas through the front channel, 

rear channel, and center channel; and 

an open loop fan positioned to force ambient air through the first and second 

open loop pathways. 

8. The cooling assembly of claim 7 further comprising: 

a plurality of electronic components attached to the side of the rear plate forming 

part of the rear channel. 

9. The cooling assembly of claim 7 further comprising: 

a plurality of cooling fins placed within the first and second open loop pathways. 
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DUNN WILLIAM) 

Applicant(s): MRI INC [US]± (MANUFACTURING RESOURCES 
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Abstract not available for KR20130098881 {A) 
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A system for cooling an electronic image 
assembly. One embodiment of the system 
contains a plurality of channels place 
behind the electronic image assembly and :,_~·"·\\ 
preferably in conductive thermal 
communication ,.vith the image assernbly. 
Ambient gas is ingested into the display 
housing and directed to a manifold 'Nhich 
distributes the ambient gas to the plurality 
of channels. Another embodiment of the 
system uses a t1eat exchanger with an 
internal fan assembly. Circulating gas 
may also be used to cool a front portion of 
the electronic image assembly or any 
other internal cavity of the electronic display housing. The circulating gas may be drawn 
through a heat exchanger so that heat may be transferred to an ambient gas. The heat 
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exchanger may have an internal fan assembly for drawing ambient air through the heat 
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FIELD SERVICEABLE AND REPLACEABLE ASSEMBLY 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of U.S. Provisional Patent Application 

Serial No. 62/491, 106 filed April 27, 2017, U.S. Provisional Patent Application Serial No. 

62/502,337 filed May 5, 2017, U.S. Non-Provisional Patent Application Serial No. 

15/647,219 filed July 11, 2017, U.S. Non-Provisional Patent Application Serial No. 

15/723,311 filed October 3, 2017, and U.S. Non-Provisional Patent Application Serial No. 

15/886,889 filed February 2, 2018. The disclosures of all of which are hereby incorporated 

by reference in their entireties. 

TECHNICAL FIELD 

[0002] Exemplary embodiments of the present invention relate generally to 

assemblies for electronic displays. 

BACKGROUND AND SUMMARY OF THE INVENTION 

[0003] Electronic displays have grown in popularity not only for indoor use, but also 

for outdoor use. One exemplary application, without limitation, is the digital out of home 

advertising market where the electronic displays are increasingly replacing the use of 

static posters. The use of electronic displays is advantageous because they allow images 

to be changed quickly as well as permit the use of videos and interactive displays, among 

other benefits. Such displays have been placed in many locations, including but not 

limited, on billboards, the tops of vehicles, bus shelters, kiosks, sidewalks, stadiums, 

buildings, and the like. 

[0004] Such outdoor, and some indoor, displays are often encased in a housing to 

protect them from environmental conditions and to hold various electronic components 

that are used to operate the displays. Despite efforts to protect the display from 

environmental conditions and other potential hazards, failures of the displays themselves 

and their related electronic components do occur. When such failures occur, it is often 

necessary to repair, replace, or otherwise service (hereinafter also collectively, "servicing" 

or "service") the displays themselves or their various electronic components. Even when 

such failures have not occurred, it may be desirable to access the displays or the various 

electronic components thereof to perform routine or preventative maintenance, or simply 

for inspection purposes. It may also be desirable to provide a sealed, powered, 

connected, and/or cooled cavity for electronic equipment. Finally, it may be desirable to 

change the configuration of the assembly. For example, without limitation, it may be 
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desirable to convert a double sided electronic display into an electronic display on one 

side with a static poster display on the other. Current assemblies for electronic displays 

make it difficult or impossible to service the display and the related electronic components. 

Therefore, what is needed is a field serviceable and replaceable assembly for an 

electronic display. 

[0005] Further, such assemblies are generally connected to external power 

sources and communications networks. Such connections often require interaction with 

utility lines. Interaction with these utility lines generally subjects any servicing work to 

additional regulations and requires technicians having specialized knowledge. Such 

efforts generally increase the costs, time, and effort involved with such servicing. 

Therefore, what is needed is a field serviceable and replaceable assembly for an 

electronic display. 

[0006] The present invention is a field serviceable and replaceable assembly for 

an electronic display. A single side assembly or a back-to-back pair of side assemblies 

may be hingedly mounted to a frame. More specifically, the side assembly may comprise 

a frame configured to receive, in a back to back configuration, one or more digital displays, 

one or more covers, one or more poster holders (illuminated or not illuminated), or some 

combination thereof. A closed loop of circulating gas and an open loop of ambient air 

may flow through the assembly. The frame may be surrounded, at least in part, by a 

housing. In exemplary embodiments utilizing back-to-back side assemblies, the frame 

and the side assemblies may enclose an electronics cavity. Each side assembly may be 

hingedly connected to an upper portion of the frame and may be configured to swing 

outwardly to allow access to electronic components located in an electronics cavity. The 

cavity may be sealed, cooled, powered, and/or connected for electronic equipment. Some 

electronic components may be mounted to a plate located between the two side 

assemblies. In other embodiments, the plate (along with the electronic components) may 

be mounted to one of the side assemblies or may form a part of the respective side 

assembly. 

[0007] In exemplary embodiments utilizing a single side assembly, the side 

assembly may be similarly mounted. However, an access panel may enclose the rear of 

the assembly such that the electronics cavity may also be accessed from the rear. The 

access panel may additionally be configured to receive a poster or a cover. 

[0008] Regardless, a pair of aid devices may be utilized with each side assembly 

or access panel to assist in moving the side assembly between the open and the closed 
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position as well as secure the side assembly in the open or closed position. In exemplary 

embodiments, a number of the electronic components may be shared for both side 

assemblies so as to reduce the total number of electronic components required. The aid 

devices may also assist in securing the side assembly in the open or the closed position. 

The side assemblies and/or the access panel may be opened to service the electronic 

components and the side assemblies. When necessary, the side assembly itself may be 

removed from the frame and replaced. 

[0009] The one or more digital displays, one or more covers, and one or more 

poster holders may be mechanically attached to the frame by way of a bracket and a pin, 

which may be configured to serve as the main, or only, mechanical support for the one or 

more digital displays, one or more covers, and one or more poster holders. In this way, 

the digital displays, covers, or poster holders may be easily and quickly removed from the 

frame for servicing. In exemplary embodiments, external power and communications 

connections may be located on the frame or on a plate located between the one or more 

digital displays, one or more covers, one or more poster holders such that servicing of the 

one or more digital displays, one or more covers, one or more poster holders can be 

performed by disconnecting the power and communications at the connection point rather 

than disturbing the connection to the utility lines. In this way, the external power and 

communications connections may often remain undisturbed. 

[001 0] In some situations, it may be advantageous to increase the cooling 

capabilities of the assembly. For example, without limitation, it may be desirable to add 

additional temperature sensitive or heat producing equipment to the assemblies, drive the 

electronic displays or illumination elements at higher brightness levels, operate in extreme 

environments with high temperatures or high solar loading, or to provide and operate 

larger electronic displays in one or more of the side assemblies. Therefore, what is 

needed is a field serviceable and replaceable assembly for an electronic display with 

increased cooling. 

[0011] The present invention provides a field serviceable and replaceable 

assembly for an electronic display with increased cooling. In exemplary embodiments, 

an additional open loop channel for ambient air may be added to one or both of the side 

assemblies mounted to either side of the frame. In exemplary embodiments, the 

additional open loop channel may only be added to the side assembly or assemblies 

comprising a cover or a poster holder, though it is contemplated that the additional open 

loop channel may also be added to the side assemblies comprising a digital display. It is 
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