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15. A method for reducing the thermal inertia of an electronic display, the method 

comprising the steps of: 

measuring a temperature within the display; 

selecting a desired fan speed based on the temperature measurement; 

measuring the ambient light contacting the display; 

selecting a fan speed correction factor based on the ambient light measurement; 

applying the fan speed correction factor to the desired fan speed to produce a 

corrected fan speed; and 

driving the cooling fan at the corrected fan speed. 

16. The method of claim 15 wherein: 

the temperature measurement is performed near a power module which powers 

the electronic display. 

17. The method of claim 15 wherein: 

the temperature measurement is performed near a backlight component of the 

electronic display. 
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Cross-Reference to Related Applications 

[0001] This application claims priority to U.S. Application No. 13/211,887 filed on 

August 17, 2011, herein incorporated by reference in its entirety. This application claims 

priority to U.S. Application No. 61 /375,470 filed on August 20, 2010, herein 

incorporated by reference in its entirety. This application is a continuation-in-part of 

U.S. Application No. 13/100,580 filed on May 4, 2011, herein incorporated by reference 

in its entirety. This application is also a continuation-in-part of U.S. Application No. 

13/100,556 filed on May 4, 2011, herein incorporated by reference in its entirety. This 

application is also a continuation-in-part of U.S. Application No. 12/905,704 filed on 

October 15, 2010, herein incorporated by reference in its entirety. 

Technical Field 

[0002] Exemplary embodiments generally relate to cooling systems and in particular 

to cooling systems for electronic displays. 

Background of the Art 

[0003] Improvements to electronic displays now allow them to be used in outdoor 

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

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

desirable to have displays which are capable of withstanding large surrounding 

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

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

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

become even more difficult. 

[0004] Additionally, modern displays have become extremely bright, with some 

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

are necessary because the display is being used outdoors, or in other relatively bright 
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areas where the display illumination must compete with other ambient light. In order to 

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

produce a relatively large amount of heat. 

[0005] Still further, in some situations radiative heat transfer from the sun through a 

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

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

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

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

more heat will be transmitted into the displays. 

[0006] Exemplary modern displays have found some effective means for cooling the 

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

ambient gas through the display so that the closed loop of gas may be cooled (as well 

as portions of the electronic display). Various thermal communications have been 

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

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

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

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

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

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

[0007] When using LCD displays, it was found that backlights were often a source of 

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

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

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

dirt, or other particulate. 

Summary of the Exemplary Embodiments 

[0008] Exemplary embodiments may use a combination of circulating gas and 

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

used to remove heat from the front of the image assembly. Circulating gas may also be 

used to remove heat from internal electronic assemblies. When using a LCD as the 

electronic image assembly, circulating gas may also be used to remove heat from the 
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backlight cavity of the LCD. Because the gas is only circulating within the display, it can 

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

[0009] Ambient gas may be ingested into the display in order to cool the circulating 

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

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

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

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

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

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

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

the rear portion of the backlight for the LCD. 

[0010] In order to reduce noise emissions, the tans which drive the ambient and/or 

circulating gas through the heat exchanger may be placed within the heat exchanger (or 

between two separate heat exchangers), which can then act as a muffler and reduce 

the noise emitted by the tans. Further, it using the additional ambient gas pathway 

behind the electronic image assembly, a manifold may be used to collect the ambient 

gas along an edge of the display and distribute this into a number of smaller flows. The 

fans for driving this additional ambient gas pathway can be placed within the manifold in 

order to reduce the noise emitted by the tans and provide an even distribution of 

ambient gas across the display. In an exemplary embodiment, a single fan assembly 

can be used to drive the ambient gas through both the heat exchanger(s) and behind 

the electronic image assembly. 

[0011] It has been found that ingesting ambient gas from the top or bottom edge of 

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

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

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

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

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

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

portion of the display. Thus, the manifolds herein allow tor cool ambient air to 
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adequately cool the entire electronic image assembly in an even manner and reduce 

any 'hot spots' within the electronic image assembly. 

[0012] The foregoing and other features and advantages will be apparent from the 

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

illustrated in the accompanying drawings. 

Brief Description of the Drawings 

[0013] 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: 

[0014] FIGURE 1A provides a front perspective view of an exemplary embodiment of 

the electronic display. 

[0015] FIGURE 1 B provides a rear perspective view of an exemplary embodiment of 

the electronic display. 

[0016] FIGURE 2 provides a rear perspective view similar to that shown in Figure 1 B 

where the rear cover has been removed. 

[0017] FIGURE 3 provides a perspective sectional view along the A-A section line 

shown in Figure 1 B. 

[0018] FIGURE 4 provides a perspective sectional view along the B-B section line 

shown in Figure 1 B. 

[0019] FIGURE 5 provides a perspective sectional view of insert C shown in Figure 4. 

[0020] FIGURE 6 provides a perspective sectional view of one embodiment of the 

cross through plate. 

[0021] FIGURE 7 provides an exploded perspective view of one embodiment of the 

heat exchanger. 

[0022] FIGURE 8 provides a perspective sectional view of another embodiment which 

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

(LCD). 
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[0023] FIGURE 9 provides a perspective sectional view of an exemplary embodiment 

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

circulating gas between the LCD and front plate. 

[0024] FIGURE 10 provides a rear perspective view of an embodiment using a single 

fan assembly to control the flow of ambient gas, the embodiment shown with the rear 

cover removed. 

[0025] FIGURE 11 A provides a perspective sectional view of the embodiment from 

Figure 1 0 based on section line 11 A-11 A shown in Figure 10. 

[0026] FIGURE 11 B provides a perspective sectional view of insert B from Figure 

11A. 

Detailed Description 

[0027] The invention is described more fully hereinafter with reference to the 

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

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

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

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

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

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

[0028] It will be understood that when an element or layer is referred to as being "on" 

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

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

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

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

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

items. 

[0029] It will be understood that, although the terms first, second, third, etc., may be 

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

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

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

layer or section from another region, layer or section. Thus, a first element, component, 
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region, layer or section discussed below could be termed a second element, 

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

invention. 

[0030] Spatially relative terms, such as "lower", "upper" and the like, may be used 

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

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

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

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

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

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

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

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

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

interpreted accordingly. 

[0031] 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. 

[0032] Embodiments of the invention are described herein with reference to cross­

section illustrations that are schematic illustrations of idealized embodiments (and 

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

illustrations as a result, for example, of manufacturing techniques and/or tolerances, are 

to be expected. Thus, embodiments of the invention should not be construed as limited 

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

shapes that result, for example, from manufacturing. 

[0033] For example, an implanted region illustrated as a rectangle will, typically, have 

rounded or curved features and/or a gradient of implant concentration at its edges 
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rather than a binary change from implanted to non-implanted region. Likewise, a buried 

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

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

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

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

limit the scope of the invention. 

[0034] 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. 

[0035] FIGURE 1A provides a front perspective view of an exemplary embodiment of 

the electronic display 100. A transparent front plate 10 is placed on the front portion of 

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

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

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

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

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

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

display 100. 

[0036] FIGURE 1 B provides a rear perspective view of an exemplary embodiment 

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

internal components of the display 1 00. 

[0037] FIGURE 2 provides a rear perspective view similar to that shown in Figure 1 B 

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

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

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

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

46. An exemplary placement for the heat exchanger fan assembly 46 is discussed 
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further below, but in many embodiments the fan assembly 46 can be placed near the 

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

exchanger 45 (as shown in Figure 2). 

[0038] Optionally, ambient gas 210 may also be ingested into the display through inlet 

aperture 24. Ambient gas 210 may then be directed through a first manifold 30 which 

travels along the edge of the display. The first manifold 30 accepts the single larger 

inlet flow of ambient gas 210 and distributes it into a plurality of smaller flows across the 

display. A second manifold 35 may be placed along the opposite edge of the display as 

the first manifold 30. The second manifold 35 accepts the plurality of smaller flows and 

combines them into a single flow and exhausts it out of the exit aperture 25. In this 

embodiment, a manifold fan assembly 211 is used to draw the ambient gas 210 into the 

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

embodiment, the manifold fan assembly 211 is placed within the first manifold 30 and is 

used to draw the ambient gas 210 into the display as well as distribute the single flow 

into a plurality of smaller flows. This is not required however, as some embodiments 

may place the manifold fan assembly 211 in the second manifold 35, or within both the 

first and second manifolds 30 and 35. 

[0039] While both flows of ambient gas may be used in an exemplary embodiment, 

there is no requirement that they are both used. Some embodiments may use only 

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

ambient gas 210 there is no requirement that they share the same inlet and exit 

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

ambient gas. 

[0040] FIGURE 3 provides a perspective sectional view along the A-A section line 

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

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

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

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

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

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

exemplary embodiment would not be damaged if the ambient gas 200 contained 
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contaminates as they would only pass through the heat exchanger 45 which may not be 

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

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

enter the display. 

[0041] An electronic image assembly 50 may be placed behind the front plate 10. A 

plurality of channels 60 may be placed behind (preferably immediately behind) the 

electronic image assembly 50. Ambient gas 210 may be forced through the channels 

60 after travelling through the first manifold 30 (not shown here). The flow of ambient 

gas 210 immediately behind the electronic image assembly 50 may be used to remove 

any buildup of heat from the rear portion of the electronic image assembly 50. It may 

be preferable to have a thermally conductive surface on the rear portion of the 

electronic image assembly 50 so that heat can easily transfer to this plate and be 

removed by the ambient gas 210. 

[0042] The channels 60 can take on any number of forms. Although shown in this 

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

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

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

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

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

thermal communication with the electronic image assembly 50. Thus, in a preferred 

embodiment, heat which accumulates on the rear portion of the electronic image 

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

gas 210. 

[0043] FIGURE 4 provides a perspective sectional view along the B-B section line 

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

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

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

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

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

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

ambient gas 200. Upon exiting the heat exchanger 45, the circulating gas 250 may be 
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re-directed into the front channel 251. The circulating gas 250 may also be directed 

over various electronic components 7 so that heat may be transferred from the 

electronic components 7 to the circulating gas 250. The electronic components 7 could 

be any one of the following but not limited to: power modules, heat sinks, capacitors, 

motors, microprocessors, hard drives, AC/DC converters, transformers, or printed circuit 

boards. 

[0044] Also shown in this sectional view is the path of the ambient gas 210 travelling 

down one of the channels 60 directly behind the electronic image assembly 50. In this 

embodiment, the ambient gas 210 is forced out of the first manifold 30, across the 

channels 60, and into the second manifold 35 by manifold fan assembly 211. As 

shown in this Figure, the paths of the ambient gas 210 and the circulating gas 250 will 

likely cross, but it is preferable to keep the two gases from mixing (as the ambient gas 

21 0 may contain particulate or contaminates while the circulating gas 250 can remain 

substantially free of particulate and contaminates). It may be preferable to keep the 

circulating gas 250 from having particulate or contaminates because it travels in front of 

the electronic image assembly 50. Thus, to keep the image quality from being 

impaired, it may be desirable to keep the circulating gas 250 clean and prevent it from 

mixing with the ambient gas 210. 

[0045] FIGURE 5 provides a perspective sectional view of insert C shown in Figure 4. 

As noted above, if practicing an embodiment which uses ambient gas 210 as well as 

the circulating gas 250, the pathways of the two gases may need to cross over one 

another and it may be desirable to prohibit them from mixing to prevent contamination 

of sensitive portions of the display. Here, cross through plate 500 allows the pathways 

of the two gases to cross over one another without letting them mix together. The cross 

through plate 500 in this embodiment contains a series of voids which pass through the 

plate. A first series of voids 550 passes through the cross through plate 500 and allows 

ambient gas 21 0 to travel from the first manifold 30 into the channels 60 which run 

behind the electronic image assembly 50. A second series of voids 525 pass through 

the cross through plate 500 in a direction substantially perpendicular to that of the first 

series of voids 550. The second series of voids 525 allows the circulating gas to exit 

the front channel 251, cross over the ambient gas 210, and continue towards the heat 
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exchanger 45. In this embodiment, a circulating gas fan assembly 255 is used to draw 

the circulating gas 250 through the front channel 251 and through the heat exchanger 

45. Much like the other fan assemblies shown and described here, the circulating gas 

fan assembly 255 could be placed anywhere within the display, including but not limited 

to the entrance/exit of the heat exchanger 45 or the entrance/exit of the front channel 

251. 

[0046] FIGURE 6 provides a perspective sectional view of one embodiment of the 

cross through plate 500. In this embodiment, the cross through plate 500 is comprised 

of a plurality of hollow blocks 503 sandwiched between a top plate 501 and bottom 

plate 502 with sections of the plates 501 and 502 removed to correspond with the 

hollow sections of the blocks 503. A portion of the top plate 501 has been removed to 

show the detail of the hollow blocks 503, first series of voids 550, and second series of 

voids 525. The cross through plate 500 could take on any number of forms and could 

be constructed in a number of ways. Some other embodiments may use a solid plate 

where the first and second series of voids 550 and 525 are cut out of the solid plate. 

Other embodiments could use two sets of hollow blocks where the hollow sections are 

perpendicular to each other and the blocks are fastened together. Still other 

embodiments could use a design similar to those that are taught below for the heat 

exchanger 45, for example any type of cross-flow heat exchanger design could be 

used. 

[0047] FIGURE 7 provides an exploded perspective view of one embodiment of the 

heat exchanger 45. In this view, the heat exchanger fan assembly 46 is shown 

removed from its mounted position within the heat exchanger 45. In this embodiment, 

the heat exchanger 45 is divided into two portions 47 and 48 where the fan assembly 

46 is placed between the two portions 47 and 48. While the fan assembly 46 can be 

placed anywhere so that it draws ambient gas 200 through the heat exchanger 45, it 

has been found that placing the fan assembly 46 between the two portions of the heat 

exchanger can provide a number of benefits. First, the volumetric flow rate of the 

ambient gas 200 through the heat exchanger is high, which results in better cooling 

capabilities for the heat exchanger 45. Second, the noise produced by the fan 

assembly 46 can be drastically reduced because the surrounding portions 47 and 48 of 
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the heat exchanger 45 essentially act as a muffler for the fan assembly 46. In this 

embodiment, portion 48 is thinner and longer than portion 47. This was done in order 

to free up more space within the housing so that additional electronic components could 

fit within the housing (adjacent to portion 48). This design may be preferable when it is 

desirable to create the largest possible heat exchanger 45 (for maximum cooling 

abilities). This is of course not required, and other embodiments may have portions 

which are of equal width and length. Also, although this embodiment uses the fan 

assembly 46 to drive the ambient gas 200, other embodiments could use a fan 

assembly placed within the heat exchanger to drive the circulating gas 250 instead and 

drive the ambient gas 200 with another fan assembly (possibly placed within the heat 

exchanger or located at the entrance/exit of the heat exchanger). 

[0048] The ambient gas 200 travels through a first pathway (or plurality of pathways) 

of the heat exchanger 45 while the circulating gas 250 travels through a second 

pathway (or plurality of pathways) of the heat exchanger 45. Although not required, it is 

preferable that the circulating gas 250 and ambient gas 200 do not mix. This may 

prevent any contaminates and/or particulate that is present within the ambient gas 200 

from harming the interior of the display. In a preferred embodiment, the heat exchanger 

45 would be a cross-flow heat exchanger. However, many types of heat exchangers 

are known and can be used with any of the embodiments herein. The heat exchanger 

45 may be a cross-flow, parallel flow, or counter-flow heat exchanger. In an exemplary 

embodiment, the heat exchanger 45 would be comprised of a plurality of stacked layers 

of thin plates. The plates may have a corrugated, honeycomb, or tubular design, where 

a plurality of channels/pathways/tubes travel down the plate length-wise. The plates 

may be stacked such that the directions of the pathways are alternated with each 

adjacent plate, so that each plate's pathways are substantially perpendicular to the 

pathways of the adjacent plates. Thus, ambient gas or circulating gas may enter an 

exemplary heat exchanger only through plates whose channels or pathways travel 

parallel to the path of the gas. Because the plates are alternated, the circulating gas 

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

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

exchanger is adequately sealed, which is preferable but not required). In other words, 
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an exemplary heat exchanger would have at least a first gas pathway for ambient gas 

and at least a second gas pathway for circulating gas, where the two pathways are 

substantially perpendicular and adjacent to each other and do not allow the ambient 

gas and circulating gas to mix. 

[0049] In an alternative design for a heat exchanger, an open channel may be placed 

in between a pair of corrugated, honeycomb, or tubular plates. The open channel may 

travel in a direction which is perpendicular to the pathways of the adjacent plates. This 

open channel may be created by running two strips of material or tape (esp. very high 

bond (VHB) tape) between two opposite edges of the plates in a direction that is 

perpendicular to the direction of the pathways in the adjacent plates. Thus, gas 

entering the heat exchanger in a first direction may travel through the open channel 

(parallel to the strips or tape). Gas which is entering in a second direction (substantially 

perpendicular to the first direction) would travel through the pathways of the adjacent 

plates). 

[0050] Other types of cross-flow heat exchangers could include a plurality of tubes 

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

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

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

exchangers and any type would work with the embodiments herein. 

[0051] An exemplary heat exchanger may have plates where the sidewalls have a 

relatively low thermal resistance so that heat can easily be exchanged between the two 

gases. A number of materials can be used to create the heat exchanger. Preferably, 

the material used should be corrosion resistant, rot resistant, light weight, and 

inexpensive. Metals are typically used for heat exchangers because of their high 

thermal conductivity and would work with these embodiments. However, it has been 

discovered that plastics and composites can also satisfy the thermal conditions for 

electronic displays. An exemplary embodiment would utilize polypropylene as the 

material for constructing the plates for the heat exchanger. It has been found that 

although polypropylene may seem like a poor thermal conductor, the large amount of 

surface area relative to a small sidewall thickness, results in an overall thermal 

resistance that is low. Thus, an exemplary heat exchanger would be made of plastic 
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and would thus produce a display assembly that is thin and lightweight. Specifically, 

corrugated plastic may be used for each plate layer where they are stacked together in 

alternating fashion (i.e. each adjacent plate has channels which travel in a direction 

perpendicular to the surrounding plates). 

[0052] FIGURE 8 provides a perspective sectional view of another embodiment which 

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

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

as the electronic image assembly. A backlight wall 330 may be placed between the 

LCD 300 and the backlight 320 in order to enclose the area and create a backlight 

cavity. Typically, the backlight cavity is closed to prevent contaminates/particulate from 

entering the backlight cavity and disrupting the optical/electrical functions of the 

backlight 320. However, as discussed above the exemplary embodiments may use a 

clean gaseous matter for the circulating gases which could now be used to ventilate the 

backlight cavity in order to cool the backlight 320 and even the rear portion of the LCD 

300. An opening 340 can be placed in the backlight wall 330 to allow circulating gas 

350 to flow through the backlight cavity. A fan assembly 360 may be used to draw the 

circulating gas 350 through the backlight cavity. In an exemplary embodiment there 

would be an opening on the opposing backlight wall (on the opposite side of the display 

as shown in this figure) so that circulating gas 350 could easily flow through the 

backlight cavity. 

[0053] FIGURE 9 provides a perspective sectional view of an exemplary embodiment 

which uses a flow of circulating gas 350 through the backlight cavity in addition to the 

flow of circulating gas 250 between the LCD 300 and front plate 10. Circulating gas fan 

assembly 255 may be placed so that it can draw circulating gas 350 through the 

backlight cavity as well as circulating gas 250 between the LCD 300 and the front plate 

10. As discussed above, the circulating gases 250 and 350 are preferably forced 

through the heat exchanger 45 (not shown in this figure) so that they may be cooled by 

the ambient gas 200 (also not shown in this figure). 

[0054] Also shown in Figure 9 is the optional additional flow of ambient gas 21 O 

which may travel immediately behind the backlight 320. Once travelling through the 

first manifold 30, the ambient gas 21 O may pass through the channels 60 in order to 
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remove heat from the backlight 320 and even the channels 60 themselves (if they are 

thermally conductive). The manifold fan assembly 211 may be used to draw the 

ambient gas 210 into the first manifold 30 and through the channels 60. Again, the 

cross though plate 500 may be used to allow the circulating gases 350 and 250 to cross 

paths with the ambient gas 210 without letting the two gases mix. 

[0055] In an exemplary embodiment, the backlight 320 would contain a plurality of 

LEDs mounted on a thermally conductive substrate (preferably a metal core PCB). On 

the surface of the thermally conductive substrate which faces the channels 60 there 

may be a thermally conductive front plate which may be in thermal communication with 

the channels 60. In an exemplary embodiment, the thermally conductive plate would 

be metallic and more preferably aluminum. 

[0056] FIGURE 10 provides a rear perspective view of an embodiment 1000 using a 

single fan assembly 1050 to control the flow of ambient gas. The embodiment 1000 is 

shown here with the rear cover removed. In this figure, the main display assembly is 

still within the exterior display housing 1001. Similar to some of the embodiments 

describe above, a circulating gas fan assembly 1105 may be used to draw circulating 

gas 1106 into and through the heat exchanger 11 00. Further, another circulating gas 

fan assembly 1205 may be used to draw circulating gas 11 06 through heat exchanger 

1200. The circulating gas 11 06 may also be used to extract heat from various electrical 

components 1109. 

[0057] An ambient gas fan assembly 1050 may be used to draw ambient gas into the 

inlet aperture 1009 and exhaust the ambient gas out of an exit aperture 1010. The 

ambient gas preferably travels through the heat exchangers 1200 and 1100 as well as 

the channel behind the electronic image assembly (if used). The section line 11 A-11 A 

is shown cutting horizontally through the display embodiment 1000. 

[0058] FIGURE 11 A provides a perspective sectional view of the embodiment from 

Figure 1 O based on section line 11 A-11 A shown in Figure 1 0. For clarity, the exterior 

housing 1001 has been removed. Once the circulating gas 1106 has traveled through 

the heat exchangers 1200 and 1100, it may then be directed between the front 

transparent plate 1500 and the electronic image assembly 1600. After passing 

between the front transparent plate 1500 and the electronic image assembly 1600, the 
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circulating gas 1106 may then return to the heat exchangers 1200 and 1100. In this 

embodiment, fan assembly 1050 is used to control the flow of ambient gas 1055 and 

1056. Ambient gas 1055 is directed through the heat exchangers 1200 and 1100 while 

ambient gas 1056 is directed behind the electronic image assembly 1600. 

[0059] FIGURE 11 B provides a perspective sectional view of insert B from Figure 

11 A. The channel 1700 may be defined by the space between the rear surface or 

portion of the electronic image assembly 1600 and a plate which is substantially parallel 

to the rear surface or portion of the electronic image assembly 1600. The channel 1700 

may also contain ribs which are also thermally conductive and preferably in thermal 

communication with the electronic image assembly 1600. By placing the fan assembly 

1 050 so as to direct the ambient gas within the channel 1700 and the heat exchangers 

1200 and 1100 simultaneously, several improvements can be achieved, including but 

not limited to: increased air flow, less fan noise, and a less expensive/lighter assembly. 

In this embodiment, the paths for ambient gas 1055 and ambient gas 1056 are 

substantially parallel to one another. 

[0060] As noted above, many electronic image assemblies (especially LEDs, LCDs, 

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

When 'hot spots' are present within an image assembly, these hot spots can result in 

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

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

assembly (sometimes containing a backlight assembly) can be distributed (somewhat 

evenly) throughout the channels 60 and thermally-conductive surfaces to remove hot 

spots and cool the backlight and/or electronic image assembly. 

[0061] The circulating gases and ambient gases can be any number of gaseous 

matters. In some embodiments, air may be used as the gas for all. Preferably, 

because the circulating gases may travel in front of the image assembly and/or within 

the backlight cavity, they should be substantially clear, so that they will not affect the 

appearance of the image to a viewer. The circulating gases should also preferably be 

substantially free of contaminates and/or particulate (ex. dust, dirt, pollen, water vapor, 

smoke, etc.) in order to prevent an adverse effect on the image quality and/or damage 

to the internal electronic components. It may sometimes be preferable to keep ambient 
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gases from having contaminates as well. Filters may be used to help reduce the 

particulate within ambient gases. Filters could be placed near the inlet apertures so 

that ambient gases could be drawn through the filter. However, in an exemplary 

embodiment the display may be designed so that contaminates could be present within 

the ambient gases but this will not harm the display. In these embodiments, the heat 

exchanger, manifolds, channels, and any other pathway for ambient or circulating gas 

should be properly sealed so that any contaminates in the ambient gas would not enter 

sensitive portions of the display. Thus, in these exemplary embodiments, ingesting 

ambient air for the ambient gases, even if the ambient air contains contaminates, will 

not harm the display. This can be particularly beneficial when the display is used in 

outdoor environments or indoor environments where contaminates are present in the 

ambient air. 

[0062] The cooling system may run continuously. However, if desired, temperature 

sensing devices (not shown) may be incorporated within the electronic display to detect 

when temperatures have reached a predetermined threshold value. In such a case, the 

various cooling fans may be selectively engaged when the temperature in the display 

reaches a predetermined value. Predetermined thresholds may be selected and the 

system may be configured to advantageously keep the display within an acceptable 

temperature range. Typical thermostat assemblies can be used to accomplish this 

task. Thermocouples may be used as the temperature sensing devices. 

[0063] It is to be understood that the spirit and scope of the disclosed embodiments 

provides for the cooling of many types of displays. By way of example and not by way 

of limitation, embodiments may be used in conjunction with any of the following 

electronic image assemblies: LCD (all types), light emitting diode (LED), organic light 

emitting diode (OLEO), field emitting display (FED), light emitting 

polymer (LEP), organic electro luminescence (OEL), plasma displays, and any other 

thin panel electronic image assembly. Furthermore, embodiments may be used with 

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

contemplated that the system may be well suited for use with full color, flat panel OLEO 

displays. Exemplary embodiments may also utilize large (55 inches or more) LED 

backlit, high definition liquid crystal displays (LCD). While the embodiments described 
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herein are well suited for outdoor environments, they may also be appropriate for indoor 

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

stability of the display may be at risk. 

[0064] As is well known in the art, electronic displays can be oriented in a portrait 

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

Although circulating gas may be shown traveling clockwise or counterclockwise, either 

orientation may be used with any of the embodiments herein. Similarly, although 

ambient gas may be shown travelling from top-bottom, bottom-top, left-right, or right­

left, any arrangement can be used. Further, it should be understood that the figures 

herein are not necessarily drawn to scale, and some components may be enlarged for 

clarity and explanatory purposes. 

[0065] Having shown and described preferred embodiments, those skilled in the art 

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

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

of the elements indicated above may be altered or replaced by different elements which 

will provide the same result and fall within the spirit of the claimed invention. It is the 

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

1. An assembly for cooling an electronic image assembly within a housing having an 

inlet aperture for ambient gas, exit aperture for ambient gas, and internal cavity for 

circulating gas, the assembly comprising: 

a first portion of a heat exchanger which accepts ambient gas from the inlet 

aperture; 

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

portion; 

a channel placed behind the electronic image assembly and in gaseous 

communication with the inlet and exit apertures; 

an first fan positioned between the first and second portions which forces 

ambient gas through the first portion, second portion, and the channel; 

and 

a second fan which forces circulating gas through the internal cavity and at least 

one of the heat exchanger portions. 

2. The cooling assembly of claim 1 wherein: 

the first fan also draws ambient gas through the inlet aperture. 

3. The cooling assembly of claim 2 wherein: 

the first fan also pushes ambient gas through the exit aperture. 

4. The cooling assembly of claim 1 further comprising: 

an electronic component placed within the path of the circulating gas. 

5. The cooling assembly of claim 4 wherein: 

the electronic component is a power module. 
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6. The cooling assembly of claim 1 wherein: 

the heat exchanger portions are comprised of corrugated layers. 

7. The cooling assembly of claim 1 wherein: 

the heat exchanger portions are cross-flow heat exchanger portions. 

8. An electronic display assembly comprising: 

a housing having an inlet aperture and exit aperture for ambient gas; 

an electronic image assembly within the housing; 

a transparent front plate in front of the electronic image assembly, the space 

between the transparent front plate and the electronic image assembly 

defining a front channel; 

a rear plate placed behind the electronic image assembly, the space between 

the rear plate and the electronic image assembly defining a rear channel; 

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

exchanger comprising two portions, each portion having first and second 

gas pathways, where the first gas pathways are in gaseous 

communication with the inlet and exit apertures and the second gas 

pathways are in gaseous communication with the channel; 

an ambient gas fan assembly placed between the two portions of the heat 

exchanger to force ambient gas through the first gas pathways and 

through the rear channel; and 

a circulating gas fan assembly positioned to force circulating gas through the 

front channel and the second gas pathways. 

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

a power module placed within the path of the circulating gas. 
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10. The electronic display assembly of claim 8 wherein: 

the electronic image assembly is a liquid crystal display. 

11. The electronic display assembly of claim 8 wherein: 

the electronic image assembly is an OLEO display. 

12. The electronic display assembly of claim 8 wherein: 

PCT/US2011/048119 

the heat exchanger is a cross-flow heat exchanger comprised of corrugated 

layers. 

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

a plurality of ribs placed within the channel and in thermal communication with 

the electronic image assembly. 

14. The electronic display assembly of claim 13 wherein: 

the ribs are metallic. 

15. The electronic display assembly of claim 13 wherein: 

the ribs are placed in conductive thermal communication with the electronic 

image assembly. 
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16. The electronic display assembly of claim 13 wherein: 

the ribs have a rectangular cross-section. 

17. A thermally-controlled liquid crystal display (LCD) assembly comprising: 

a housing having an inlet aperture and exit aperture for ambient gas; 

a LED backlight having a rear surface and placed within the housing; 

a liquid crystal display (LCD) having a front surface and placed in front of the 

LED backlight and within the housing; 

a transparent front plate in front of the LCD, the space between the transparent 

front plate and the LCD defining a front channel; 

a rear plate placed behind the rear surface of the LED backlight; 

a plurality of ribs placed between the rear plate and LED backlight, the space 

between the rear plate, LED backlight, and ribs defining a plurality of rear 

channels; 

a heat exchanger having a first gas pathway in gaseous communication with the 

front channel, and a second gas pathway in gaseous communication with 

the inlet and exit apertures; 

an ambient gas fan assembly placed within the heat exchanger to force ambient 

gas into the inlet aperture, through the second gas pathway and the rear 

channels, and out of the exit aperture; and 

a circulating gas fan assembly positioned to force circulating gas through the 

front channel and the first gas pathways. 

18. The LCD assembly of claim 17 further comprising: 

a power module placed within the path of the circulating gas. 
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19. The LCD assembly of claim 17 wherein: 

the heat exchanger is a cross-flow heat exchanger comprised of corrugated 

layers. 

20. The LCD assembly of claim 17 wherein: 

the ribs are metallic. 
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HEAT EXCHANGE ASSEMBLY FOR AN ELECTRONIC DISPLAY 

Cross-Reference to Related Applications 

[0001] This application claims priority to co-pending US Provisional Application No. 

61 /791,421 filed on March 15, 2013 and herein incorporated by reference in its entirety. 

Technical Field 

[0002] The disclosed embodiments of the present invention relate to an assembly for 

removing the heat generated by an electronic display. 

Background of the Art 

[0003] Electronic displays are now being used in outdoor environments where high 

ambient temperatures and direct solar loading can cause the display to malfunction due 

to excess heat. 

Summary of the Exemplary Embodiments of the Invention 

[0004] The exemplary embodiments disclosed herein provide a heat exchanger 

assembly for cooling power module bricks, having a plurality of heat exchanger layers 

where a top layer is in conductive thermal communication with the power module brick. 

A series of metallic plates are preferably positioned within each heat exchanger layer 

and are preferably aligned with the power module brick. A circulating fan may be 

positioned to force circulating gas across the power module brick and through the heat 

exchanger. An external air fan may be positioned to force external air through the heat 

exchanger. Pass through junctions may be positioned near edges of the heat 

exchanger to permit the circulating gas to cross paths with the external air without 

allowing the two gas flows to mix with one another. 

[0005] This and other unmet advantages are provided by the device and method 

described and shown in more detail below. 
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Brief Description of the Drawings 

[0006] A better understanding of the disclosed embodiments will be obtained from a 

reading of the following detailed description and the set of accompanying drawings. 

[0007] FIGURE 1 provides a perspective view of an exemplary electronic display 

assembly. 

[0008] FIGURE 2 provides a perspective view of the electronic display subassembly 

after being removed from the assembly shown in Figure 1. 

[0009] FIGURE 3 provides a perspective view of the electronics and power 

subassembly after being removed from the assembly shown in Figure 1 and illustrates 

the horizontal section line 6-6. 

[0010] FIGURE 4 provides an exploded view of the electronics and power 

subassembly shown in Figure 3. 

[0011] FIGURE 5 provides a perspective view of the electronics and power 

subassembly shown in Figure 3 after removing the cover doors. 

[0012] FIGURE 6 provides a section view of the electronics and power subassembly 

shown in Figure 3, taken along the section line 6-6. 

[0013] FIGURE 7 provides a detailed section view of DETAIL 7, shown in Figure 6 

where a second section has been taken vertically through the center of the pass 

through junctions. 

[0014] FIGURE 8 provides a detailed section view of DETAIL 8, shown in Figure 6 

where a second section has been taken vertically through the center of the pass 

through junctions. 

Detailed Description of a Preferred Embodiment 

[0015] The invention is described more fully hereinafter with reference to the 

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

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

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

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

[0016] It will be understood that when an element or layer is referred to as being "on" 

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

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

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

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

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

[0017] It will be understood that, although the terms first, second, third, etc., may be 

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

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

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

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

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

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

invention. 

[0018] Spatially relative terms, such as "lower", "upper" and the like, may be used 

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

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

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

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

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

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

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

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

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

interpreted accordingly. 

[0019] 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 
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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. 

[0020] Embodiments of the invention are described herein with reference to cross­

section illustrations that are schematic illustrations of idealized embodiments (and 

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

illustrations as a result, for example, of manufacturing techniques and/or tolerances, are 

to be expected. Thus, embodiments of the invention should not be construed as limited 

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

shapes that result, for example, from manufacturing. 

[0021] 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. 

[0022] FIGURE 1 provides a perspective view of an exemplary electronic display 

assembly having a housing containing an electronic display subassembly 100 and an 

electronics and power subassembly 150. In an exemplary embodiment, the housing 

would have two separate flows of external air flowing through the housing. The first is 

shown in this figure where external air is ingested at the apertures 50 and is exhausted 

from the aperture 75. 

[0023] FIGURE 2 provides a perspective view of the electronic display subassembly 

1 00 after being removed from the assembly shown in Figure 1 . The electronic display 

120 preferably has a pathway for external air running behind the display 120, this would 

provide the second flow of external air for an exemplary embodiment. In an exemplary 

embodiment, the inlet apertures 170 are positioned above the display and are in 
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gaseous communication with a gap 140 behind the display, which ultimately connects 

with an exhaust aperture 180 positioned below the display. The gap 140 may be 

created by placing a surface or plate 140 behind the rear surface of the electronic 

display 120. One or more fans 110 may be positioned to draw the external air through 

the inlet 170, gap 140, and exhaust 180. 

[0024] The electronic display can be any variety of electronic display 120, including 

but not limited to liquid crystal display (LCD), LED, OLEO, plasma, electroluminescent 

polymers, field emission display, and laser video displays. In an exemplary 

embodiment the electronic display 120 would comprise an LED backlit LCD where the 

rear surface of the electronic display 120 would be the rear surface of the LED 

backlight. 

[0025] FIGURE 3 provides a perspective view of the electronics and power 

subassembly 150 after being removed from the assembly shown in Figure 1 and 

illustrates the horizontal section line 6-6. A pair of inlet apertures 220 are preferably in 

gaseous communication with the inlet apertures 50 in the housing to supply external air 

to the assembly. This ingested external air is preferably exhausted through the exhaust 

aperture 225, which aligns with the exhaust aperture 75 in the housing. 

[0026] FIGURE 4 provides an exploded view of the electronics and power 

subassembly 150 shown in Figure 3. A first plenum enclosure is preferably created by 

the plenum walls 281, heat exchanger 201, and front cover 265. A second plenum 

enclosure is preferably created by the plenum walls 282, heat exchanger 202, and front 

cover 266. One or more power assemblies or power modules 250 may be placed within 

the first plenum enclosure. One or more electronic assemblies 260 may be placed 

within the second plenum enclosure. In an exemplary embodiment, the two plenum 

enclosures are substantially sealed, and do not accept external air, dust, or other 

contaminates other than the flow of external air described herein (which preferably 

would not enter the plenum enclosures, but would only flow through the heat 

exchangers 201 and 202 as described below). 

[0027] Further, in an exemplary embodiment, the power modules 250 would be 

considered high voltage/ high power electronics while the electronic assemblies 260 

would be considered low voltage / low power electronics and these would be isolated 
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into their own respective plenums. Generally speaking, the electronic assemblies 260 

would include, but would not be limited to: hard drives, video players, microprocessors, 

wireless/satellite antennas, and CPU's. A wiring conduit 275 may provide wiring 

access into the plenums but should be substantially sealed so as not to allow 

contaminates or external air to enter the plenum through the wiring conduit 275. The 

wiring conduit 275 may provide the electrical communication between the low power 

and high power electronics and also between the low/high power electronics and the 

electronic display 120. 

[0028] FIGURE 5 provides a perspective view of the electronics and power 

subassembly shown in Figure 3 after removing the cover doors 265 and 266. A fan 310 

may be placed in the inlet tube to draw the external air through the inlets, heat 

exchanger, and exhaust aperture 225. Alternatively, a fan 312 could be placed near the 

exhaust aperture 225. In some embodiments, both fans 310 and fan 312 may be used. 

In the first plenum, fans 300 and 301 are used to force a closed loop circulating gas 

through the plenum and heat exchanger 201. In the second plenum, fans 302 and 303 

are used to force a closed loop circulating gas through the plenum and heat exchanger 

202. Of course, in some embodiments only a single fan for each closed loop of 

circulating gas may be used rather than the pairing of fans shown herein. 

[0029] FIGURE 6 provides a section view of the electronics and power subassembly 

150 shown in Figure 3, taken along the section line 6-6. Each power module 250 is 

preferably placed in conductive thermal communication with the heat exchanger 201. In 

an exemplary embodiment, the power brick 350 is preferably in conductive thermal 

communication with the heat exchanger 201, which is comprised of a plurality of layers 

205, where the space in between each layer defines a gaseous pathway. In an 

exemplary embodiment, a metallic plate 360 is preferably placed between each layer 

205 of the heat exchanger 201, and is positioned adjacent to the areas containing a 

power brick 350. The layers 205 of the heat exchanger 201 may be metallic or plastic 

(sometimes corrugated plastic or corrugated metal as shown in the Figures) or any 

combination of these materials. The heat exchangers 201 and 202 are preferably 

counterflow heat exchangers. 
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[0030] In an exemplary embodiment, the length and width of the metallic plates 360 

are substantially the same as the length and width of the power bricks 350, however this 

is not required. Ideally, a series of metallic plates 360 may be aligned with each brick 

350, such that a layer 205 of the heat exchanger is placed between the brick 350 and 

the first plate 360, as well as between each subsequent plate 360. While it may not be 

necessary to place a metallic plate 360 between every heat exchanger layer 205, this 

may be done in an exemplary embodiment. Each metallic plate 360 may be 

sandwiched between the layers 205 and may be held in place with adhesive. 

[0031] The external air is forced through the heat exchanger 201 and exhausted out of 

the exhaust aperture 225. In this way, heat from the power module 250 may be 

transferred to the brick 350 and eventually to the plates 360 and heat exchanger layers 

205 through conductive heat transfer. The external air removes heat from these 

assemblies as it passes through the heat exchanger 201. 

[0032] Additionally, closed loop circulating gas is also travelling through the pathways 

of the heat exchanger 201, where the gas pathways may be defined as the space 

between heat exchanger layers 205. The layers 205 may be space apart based on the 

thickness of the plates 360, and held with this spacing once assembled around the 

plates 360. In this embodiment, the closed loop of circulating gas is forced around the 

closed loop by the pair of fans 301 and 301. The loop may be described as beginning 

at fan 301 , traversing the pass through junction 375, travelling through the heat 

exchanger 201, traversing the pass through junction 370, passing the fan 300, and 

travelling across the power modules 250 before returning to the fan 301. The gas 

pathways alternate, where a pathway accepting circulating gas would be adjacent to a 

pathway accepting external air which is in turn adjacent to another pathway accepting 

circulating gas. Preferably, the circulating gas and external air are not permitted to mix 

with one another. However, as the two gases travel through their pathways, heat from 

the circulating gas can be transferred to the external air and removed from the display 

housing through the exhaust. 

[0033] The opposing heat exchanger 202 is setup in a similar fashion as the heat 

exchanger 201 described above. The only difference would be that heat exchanger 202 

would not contain the bricks 350, which are generally not used for the low power/voltage 
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electronics 260. However, the metallic plates 360 may be used in the heat exchanger 

202, in order to pull heat from the electronics 260 into the heat exchanger 202 for 

removal by the external air. 

[0034] FIGURE 7 provides a detailed section view of DETAIL 7, shown in Figure 6, 

where a second section has been taken vertically through the center of the pass 

through junctions. Here, the details of an exemplary pass through junction 370 are 

shown. Generally, the pass through junction 370 is placed near the end of the heat 

exchanger 201. Initially, note the blocking elements 212 which are positioned within 

each pathway 206 which contains the closed loop circulating gas. These blocking 

elements 212 run the entire length of the heat exchanger 201, to prohibit external air 

from entering the circulating gas pathways. Also note the cutout opening 371 in the 

heat exchanger which preferably passes through several, if not every layer 205 of the 

heat exchanger. While a blocking element 212 may be placed adjacent to the opening 

371 on the end of the heat exchanger, the opposing side of the opening 371 is 

preferably free of any blocking so that the pathways 215 which accept circulating gas 

can provide gaseous communication through the opening 371 to continue the circulating 

closed loop path. 

[0035] A series of donut gaskets 210 may be placed within each pathway 206 which 

accepts external air, such that the donut gasket 210 substantially surrounds and seals 

off the pathway 206 from the opening 371. In this way, external air traveling through the 

heat exchanger is permitted to flow through the pathway 206, but is not permitted to 

enter the opening 371 or mix with the circulating gas. The donut gaskets 21 0 do not 

preferably run the entire length of the heat exchanger, but would only surround the 

openings 371, which could be any shape but are typically found as rectangles, squares, 

circles, ovals, or some combination of these. The interior dimensions of the donut 

gaskets 21 0 preferable match that of the cutout 371. However, the exterior dimensions 

of the donut gaskets 210 can vary. 

[0036] Although not required, it is preferable that the donut gaskets 210 are comprised 

of a compressible material, preferably an elastomer or rubber of some type, but soft and 

compressible materials have been found to provide acceptable results. In some 

embodiments, the donut gaskets 210 can simply comprise a sheet of compressible 
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material having a void removed from the center, where that void can have any shape, 

including but not limited to any polygon, circle, or oval shape. Preferably, the donut 

gaskets 210 would have a continuous perimeter surrounding the void, which is 

preferably aligned with the opening 371, so that external air is not permitted to enter the 

opening 371, but can still travel through the pathway 206. 

[0037] FIGURE 8 provides a detailed section view of DETAIL 8, shown in Figure 6, 

where a second section has been taken vertically through the center of the pass 

through junctions. Here, the details of an exemplary opposing pass through junction 375 

are shown. Again, the opposing pass through junction 375 is preferably placed near the 

end/edge of the heat exchanger 201. Also, again note the blocking elements 212 which 

are positioned within each pathway 206 which contains the closed loop circulating gas. 

These blocking elements 212 run the entire length of the heat exchanger 201, to 

prohibit external air from entering the circulating gas pathways. Also note the cutout 

opening 376 in the heat exchanger which preferably passes through several, if not 

every layer 205 of the heat exchanger. While a blocking element 212 may be placed 

adjacent to the opening 376 on the end of the heat exchanger, the opposing side of the 

opening 376 is preferably free of any blocking so that the pathways 206 which accept 

circulating gas can provide gaseous communication through the opening 376 to 

continue the circulating closed loop path. 

[0038] A series of donut gaskets 210 may again be placed within each pathway 206 

which accepts external air, such that the donut gasket 210 substantially surrounds and 

seals off the pathway 206 from the opening 376. In this way, external air traveling 

through the heat exchanger is permitted to flow through the pathway 206, but is not 

permitted to enter the opening 371 or mix with the circulating gas. Here, the external air 

would travel around the donut gasket 210, eventually exiting the heat exchanger and 

exhausting out of the exhaust aperture 225. 

[0039] An angled redirection plate 400 is preferably placed after the heat exchanger 

and adjacent to the exhaust aperture 225 in order to change the direction of the external 

air approximately 90 degrees, or in other words to direct it towards the exhaust aperture 

225. 
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[0040] Another pair of pass through junctions with their own gasket donuts and 

blocking elements are preferably used for the opposing side of the assembly, which 

houses the electronics 260. The design could be substantially the same, however in 

some embodiments it may be possible to use a smaller heat exchanger or perhaps one 

with fewer layers, as there may be less heat generated by the electronics 260 when 

compared to the power modules 250. There could also be fewer fans used on this side 

of the assembly as well. 

[0041] It should be noted that the term circulating gas does not require a 'pure' gas 

but could be any gaseous matter (which could of course be a mixture of various types of 

gases and even small amounts of contaminate, but the circulating gas would preferably 

have only a minimal amount of contaminates, and most preferably would be free of 

particulate and contaminates). 

[0042] 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. 

Thus, 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 

What is claimed is: 

1. A heat exchanger assembly for cooling power modules having bricks, the assembly 

comprising: 

a plurality of heat exchanger layers where a top layer is placed in conductive 

thermal communication with the power module brick; and 

a metallic plate positioned between each heat exchanger layer and adjacent to 

the power module brick. 

2. The heat exchanger assembly of claim 1 further comprising: 

an external air fan positioned to force external air through the heat exchanger 

layers. 

3. The heat exchanger assembly of claim 1 wherein: 

the power module brick is in conductive thermal communication with the top layer 

of the heat exchanger, and where the top layer of the heat exchanger is 

also in conductive thermal communication with the metallic plate. 

4. The heat exchanger assembly of claim 2 further comprising: 

blocking elements placed between alternating pairs of layers to define closed 

loop pathways where the blocking elements are placed along opposing 

edges of the heat exchanger; 

a cutout placed near the edges of the heat exchanger which contain the blocking 

elements; 

a donut gasket sounding each cutout and placed only within pathways which are 

not closed loop pathways; and 

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

closed loop pathways, both cutouts, and along the power modules. 

5. The heat exchanger assembly of claim 4 wherein: 
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the blocking elements run the entire length of the heat exchanger. 

6. The heat exchanger of claim 4 wherein: 

the external air is not permitted to mix with the circulating gas. 

7. The heat exchanger of claim 1 wherein: 

the heat exchanger layers are comprised of corrugated plastic. 

8. The heat exchanger of claim 1 wherein: 

the heat exchanger layers are comprised of metal. 

9. A heat exchanger assembly for cooling power modules having bricks, the assembly 

comprising: 

a plurality of heat exchanger layers placed within a plenum where an outer layer 

is placed in conductive thermal communication with the power module 

brick; 

a plurality of gaseous pathways defined by the space between each layer where 

the pathways alternate between carrying air from outside of the plenum 

(external air pathway) and a closed loop gas (circulating gas pathway); 

a metallic plate positioned within each pathway and adjacent to the power 

module brick; 

an external air fan positioned to force external air through the external air 

pathways; and 

a circulating fan positioned to force circulating gas through the circulating gas 

pathways. 

10. The heat exchanger assembly of claim 9 wherein: 

the circulating gas travels in a closed loop and does not mix with the external air. 

11. The heat exchanger assembly of claim 9 wherein: 
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the power module brick is in conductive thermal communication with the outer 

layer of the heat exchanger, and where the outer layer of the heat 

exchanger is also in conductive thermal communication with the metallic 

plate. 

12. The heat exchanger assembly of claim 9 further comprising: 

blocking elements placed within entrances to the circulating gas pathways. 

13. The heat exchanger assembly of claim 12 further comprising: 

a cutout passing through several layers of the heat exchanger and placed 

adjacent to the blocking elements; and 

a gasket sounding the cutout and placed only within external air pathways. 

14. The heat exchanger assembly of claim 9 further comprising: 

blocking elements placed along edges of the circulating gas pathways. 

15. An assembly for cooling an electronic display having high power electrical 

assemblies and low power electrical assemblies, the cooling assembly comprising: 

a first sealed plenum containing the high power electrical assemblies and a first 

heat exchanger; 

a first circulating fan positioned for force circulating gas through the first heat 

exchanger and across the high power electrical assemblies; 

a second sealed plenum containing the low power electrical assemblies and a 

second heat exchanger; 

a second circulating fan positioned to force circulating gas through the second 

heat exchanger and across the low power electrical assemblies; 

a first external fan positioned to draw external air through the first heat 

exchanger; and 

a second external fan positioned to draw external air through the second heat 

exchanger. 
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16. The cooling assembly of claim 15 wherein the first heat exchanger comprises: 

a plurality of heat exchanger layers where a top layer is placed in conductive 

thermal communication with the high power electrical assemblies. 

17. The cooling assembly of claim 16 further comprising: 

a metallic plate positioned between each heat exchanger layer and aligned with 

each of the high power electrical assemblies. 

18. An assembly for cooling an electronic display having a power module brick and a 

video player, the cooling assembly comprising: 

a housing containing the electronic display, power module brick, and a video 

player; 

a first inlet aperture along an edge of the housing; 

a second inlet aperture along an edge of the housing opposing the first inlet 

aperture; 

an exhaust aperture placed near a center of the housing; 

a portion of the housing which is placed behind the electronic display to define a 

gap; 

a display fan positioned to force external air through the gap; 

a first sealed plenum containing the power module brick and a first heat 

exchanger; 

a first circulating fan positioned for force circulating gas through the first heat 

exchanger and across the power module brick; 

a second sealed plenum containing the video player and a second heat 

exchanger; 

a second circulating fan positioned to force circulating gas through the second 

heat exchanger and across the video player; 

a first external fan positioned to draw external air through the first inlet aperture, 

first heat exchanger, and exhausted through the exhaust aperture; 
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a second external fan positioned to draw external air through the second inlet 

aperture, second heat exchanger, and exhausting out of the exhaust 

aperture; and 

a series of metallic plates positioned within the first heat exchanger and 

substantially aligned with the power module brick. 

19. The cooling assembly of claim 18 wherein the first heat exchanger comprises: 

a plurality of heat exchanger layers where a top layer is placed in conductive 

thermal communication with the power module brick. 

20. The cooling assembly of claim 19 further comprising: 

a metallic plate positioned between each heat exchanger layer and adjacent to 

the power module brick. 
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"E" earlier application or patent but published on or after the international ·x" document of particular relevance; the claimed invention cannot be 

filing date considered novel or cannot be considered to involve an inventive 
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone 

cited to establish the J)ubhcation date of another citation or other "Y" document of particular relevance; the claimed invention cannot ~e special reason (as specified) considered to involve an inventive step when the document 1s 
"0" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination 

means being obvious to a person skilled in the an 
"P" document published prior to the international filing date but later than "&" document member of the same patent family 

the priority date claimed 

Date of the actual completion of the international search Date of mailing of the international search report 

23 July 2014 (23.07.2014) 25 AUG 2014 
Name and mailing address of the lSA/US Authorized officer: 

Mail Stop PCT. Attn: ISA/US. Commissioner for Patents Lee W. Young 
P.O. Box 1450, Alexandria, Virginia 22313-1450 

PCT Helpdesk: 571-272-4300 
Facsimile No. 571-273-3201 PCTOSP: 571-272-7774 

Form PCT/1SN2IO (second sheet) (July 2009) 
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INTERNATIONAL SEARCH REPORT 

I 
International application No. 

PCT/US 14/20850 

Box No. II Observations where certain claims were round unsearchable (Continuation ofitem 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article I 7(2)(a) for the following reasons: 

I. D Claims Nos.: 
because they relate to subject matter not required to be searched by this Authority, namely: 

2. D Claims Nos.: 
because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 

3. D Claims Nos.: 
because they are dependent claims and are not drafted in ac-cordance with the second and third sentences of Rule 6.4(a). 

Box No. III Observations where unity ofinvention is lacking (Continuation ofitem 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 
--- See extra sheet ---

I. □ 

2. □ 

3. □ 

4. IZI 

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of 
additional fees. 

As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 

No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 
1-14 

Remark on Protest □ 
□ 
□ 

The additional search fees were accompanied by the applicant's protest and, where applicable, the 
payment ofa protest fee. 

The additional search fees were accompanied by the applicant's protest but the applicable protest 
fee was not paid within the time limit specified in the invitation. 
No protest accompanied the payment of additional search fees. 

Form PCT/ISA/210 (continuation of first sheet (2)} (July 2009) 
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INTERNATIONAL SEARCH REPORT International application No. 

PCT/US 14/20850 

Continuation of Box No. 111- Observations where unity of invention is lacking 

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive 
concept_under PCT Rule 13.1. In order for all inventions to be examined. the appropriate additional examination fees must be paid. 

Group I: Claims 1-14, directed to a heat exchanger assembly including a plurality of heat exchanger layers. 

Group II: Claims 15-20, directed to an assembly for cooling an electronic display including first and second sealed plenums containing 
first and second heat exchangers. 

The inventions listed as Groups I and II do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT 
Rule 13.2, they lack the same or corresponding special technical features for the following reasons: 

Special Technical Features 

The inventions of Group I do not include the special technical feature of a first sealed plenum containing a first heat exchanger and a 
second sealed plenum containing a second heat exchanger as required by Group II. 

The inventions of Group II do not include the special technical feature of a plurality of heat exchanger layers and a metallic plate 
positioned adjacent to the power module brick as required by Group I. 

Common Technical Features 

Groups I and II share the technical features of a heat exchanger within a plenum, an external fan. and a circulating fan, however these 
shared technical features do not represent a contribution over the prior art as being anticipated by US 2011/0085301 A1 (Dunn) which 
discloses a heat exchanger (para [0005), 'heat exchanger may be used to transfer heat from the circulating gas to the ambient gas') in a 
plenum (41, para [00241), an external fan (60, Fig. 1; para [0018]) and a circulating fan (50, Fig. 1; para [0018]). 

Therefore, Groups I-II lack unity under PCT Rule 13 because they do not share a same or corresponding technical feature. 

Form PCT/ISA/210 (extra sheet) (July 2009) 
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esp@cenet- Bibliographic data 

LIQUID CRYSTAL DISPLAY DEVICE 

Publication number: JP3153212 (A) 

Publication date: 1991-07-01 

Inventor(sJ: KOBAYASHI SHICHIRO; SEKI TERUO; AOYAMA NAOFUMI; SAKUMA TOSHIYUKI 

Applicant(s): HITACHI LTD 

Classification: 

- international: G02F1!1333; G02F1!1345; G02F1/13;G02F1/13; (IPC1-7): G02F1/1333; G02F1/1345 
- European: 

Application number: JP19890291285 19891110 

Priority number(s): JP19890291285 19891110 

Abstract of JP 3153212 (A) 
PURPOSE:To sufficiently take an EMI countermeasure by 
forming a transparent conductive film which is connected 
to a metallic shielding case and the earth pattern of a 
driving circuit board over the nearly entire surface of a 
transparent substrate on the side of the screen side of a 
liquid crystal display part(LCD). CONSTITUTION:The 
transparent conductive film 7 is formed on the nearly 
entire surface of the transparent substrate of an LCD 4 for 
compensation arranged on the display side of a display 
LCD 1, and this transparent conductive film 7 is 
connected electrically in the path of conductive rubber 8, 
the metallic shielding case 2, the earth pattern 5 of PCB, 
and an external earth in order. The earth level is held on 
the screen of the LCD, so the entire screen of the LCD 
can be shielded. Namely, the flanks of the LCDs 1 and 4 
are shielded by the metallic shield case 2 held at the earth 
level similarly and the screen of the LCD is shielded by 
the transparent conductive film 7. Consequently, the EMI 
countermeasure can be taken completely. 

Data supplied from the esp@cenet database - Worldwide 

http://v3.espacenet.com/publicationDetails/biblio?DB=EPODOC&adjacent=true&locale=en_EP&FT=D&dat. .. 

Page 1 of 1 
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Abstract of JP 11160727 (A) 
PROBLEM TO BE SOLVED: To provide a liquid crystal 
device(LCD) with which electromagnetic waves radiating 
from a peripheral circuit or back light to a liquid crystal 
display panel can be remarkably reduced and the 
structure of the LCD is not complicated due to 
countermeasures for electro-magnetic interference(EMI). 
SOLUTION: This display device is provided with a first 
transparent substrate, a second transparent substrate 
opposed to the first transparent substrate, a liquid crystal 
display panel containing liquid crystal material held 
between the said first and second transparent substrates, 
and back light arranged on the surface of the liquid crystal 
display panel for radiating light to the liquid crystal display 
panel. On one surface of the first transparent substrate, 
which abuts on the liquid crystal material, switching 
elements are formed in the form of matrix and two kinds 
of wirings for supplying electric signals to the switching 
elements are provided so as to mutually cross at right 
angles. In this case, a transparent conductive film 5 is 
formed over the part provided at the outer peripheral part 
of a display part 9 of the first transparent substrate 
between the two kinds of wirings. 
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~*1~T J c 1,,, -3 ) , 3 b !± 1/- l-jl'j2*! 2 b f;:~;t,5\i:::-:h. 
t..:J~$tim!LffiT (J.,.:J.T, 17- H~$tlm!!ifil-r J t \,i 

-3) , 3 ci±c s §c*i2 ct:ttmt:nt3~$tim!Lffi-r 
(J.,_:,I_T, 1 Cs 7~$timlLffiT J c \,i -3) , 4 !:J:7-r,jlljc 

*!$, 9 Ci, ;,7'7 ;:(:lit/x 10)*~$, 1 1 a !:i~BJJ~ 
ti!li, 1 1 b!:l:, JtJ!t1~-%iJ'FJr'.itO)~J.±flt::~,-Jni6 c 
~ O)lJ.':r'--Jl{§{}~~BJJ~:fii)i 1 1 a (;:E[l./JGT 6 T FT 
C~fillfa\Jt=~tn n,o l , 11 ct±, )t 1J-Y~im.v 

7 1 -Jv f;:(Jv-(:J:: 61;!,!l~IW.tl:.T 6ffffIJ;fJ.'t;'.:iL 1 2 

!:l:Jliill!LffiTg~!-~To WJ~c'/-7.>'~g~tim!!ii1\T3 a, 1/ 
- H~$tim!Lffi-r3 b!:l:, "f--Jlij!ZI/J@Jli!%:bJ::UJEJ!i:ij!Z 
I/J@JffO)ffi~lLffi-r~'/-7.~&2a~J::U1/-r-~&2 
b t:tfmT 6 tc::IDO)!Lffi-rt·&'J tJ, WJ~2Jllill!!ifil-r$1 2 t 
t:l:i:i3 ;z:li:tJx 10)*~$90):\lJll$0)-310, '/-;zjllj2*! 
2 a , 7- ], §c*l 2 b :b J:: UC s §c*l 2 c O)~jLffi$ t , 
WJ~c 'I - ;zy~$tim!Lffi-r 3 a , 7- r- >'~$tfm!Lffi-r 3 b 
:bJ::UC sYHmti;t,5\i:tfmff3 c tiJ>JTJJJltt:h.0$)}'.!:'\,• 
5 0 ~ :B, c s §c*l 2 c (TJ 5 t:;, 7- t-- §c** 2 b t :x£-r 
otflrfi!:l:, ieif-i'ilm~1rl"C'.1/-Hi2*!2 b cY::12T6o 
Lt.=iJ, ':> -c, :1-c >1i-%ttc s >'~$tfm!Lffi-r 3 c '.!:' 1r L 
"CC sjlljc&2 cO)ht:El];J□ ~:h.00 itc::, 'r-J,jlljc&$ 
4 !±, '/-;zjlljcil 2 ai:l J::U7- l--jl'jci! 2 b 0 -3 t:;,, ::;· 

--Jl.~IZI/J@Jli!-1WJ:: u·JEJ!i:,~IZI/J@Jli!%HJfflti'" 6 ~(;:;, "/ 7 
- > t l '(TC P ( tape carrier package ) '.!:' (tffl l '( 
1,, • 6 2:. t t=MJ.5 l '(7-J ,~:kt:IDJvtt :h. "C 1,, 1 6 $7i'-t·&'i 
Zi o ;;;;:ts, l1II 1 1 t:!:l:, '/-;zjl'j2t!2 aiJ'8::$;0h, 1/ 
- Hlcii2 biJi44-,0)h, C sj!'jcii2 c iJi24-,0h:>F2:' 
:h. '( ;t, '), ~BJJ~:fii)i 1 1 a, T FT 1 1 b ;t, J::Utlfff!,IJ'.@: 
ii 1 1 C !:J:~@f~7i'-O)h.~2' :fl'(\,'\{;) iJi, }f :fl.f'':flO)~f,: 
!:l: c.:. nt=~lU::>:h.~ \. l O £ t.:' 2 ;,fs;O) 1/-7,J!licil 2 a ;b J:: 
u· 2 ::$;0)'.Y- r- §c*l 2 Lt: J:: ,:, '( LR tJJ (, h 6 1 --:iO)iJ:l::f.~!1 
iJ> 1 ":)O)@j*'"('ir) 0 0 

[ 0 0 0 9] f,/i*O);:;-' 'r -1 7··7 r- 1) :7 A:lit/x0Jliill!Lffi 
-r$t:.:~~tt GtLt.: 7- r-l!lic*l:b J:: u 'I- ;1..J!lic*!crJ....1::_/it:.: 

( 3) ttltfl-¥ 1 1 - 1 6 0 7 2 7 

U 7- r- iEM--lmv D C ( ffi:im.~im. ) ?'J .. 1 r- ffl 0iEM--lm 
(J.,.:J.T, lJit= 1 Dc?'J •y HeM--JmJ u,-3 l iJ'IDwttn 

'(\,•0tc:-itt·&'i 0, 51ZI/J@Jlffi~c:·O)Jllill@JR"?J\ "1? 7 
1 r-~ c·iJ, h O)~ffi~t:: J: ') 1:. t, 6 EM I .r--....O)JJ9ii::k 

C" \. ·◊ 
[0010) 

[ §EBJIIJ>i,4?R l J:: '3 t T 6 ~~) WJ~O)J:: '3 t=, t't*O) 
LC D (;: J:: :h.i:L Jmill@Jli!iv J.;; ·1 Y 31 ), iJ, i::, O)~illim: 
t:: J: fJ EM I ;6>$1l:: L tc:: ') , EM I ~1llJ~T -b tc::lsbt:: L 

c D O)ffl~ii:tl[~1l::i'" o ti,. i -3 r□--1~n'::1±: r; 6 ::$;§'.EBJJ!±iJ' 
iJ,◊r0iMH14iRT 6 t..:mt::;;;;:::-:h.tc:: b 0)--C·, Jllill@Jli!%v 
; .;; ·1? 31 r-~ c·iJ, t) fl1c1~r~:>FJ'\i,A.r--....O)~ill~~::k$:i 
t:f.l:l;~ l, EM I x-fmO)t::mt: LCD O)ffl~ '.!:'tJ[~{l::T 
6 c.:. t iJ>~ < , '.@£t=~m~~1.l:l;~ l, EM I ~c)(gT 
6 C.:. t iJ,·-c~ 6 TY:=;, 1 7··7 J, 1)? A~fOC'.!:' ffl\.if_:i-W:aRa 
*~~@'.~tfH~T 6 c.:. t ~ §ai.Jt T 6 o 

[0011) 

[~~U4?RT 6 t_:/lbO)-=j=.1'9;] ::$;§EBJJO)itlia8a*~~'@'. 
:±, ~ 1 O)~BJJlrtm:, ~nAA 1 O)~BJJlrtm:t:x-tfPii'° oAA 2 
O)~BJJ:litoc, :B J:: u·wr~cAA 1 O)~ BJJ:litoc t ~ 2 O)~BJJ:li 
t!x !:: O)&'J \. •t3:~t'f 2- :h.6 i&a"lcitift'.!:'ft A, t·,:;;: 6 i&la* 
~J'\:{,Jvc, ~li-W:aRB*~}'\:{,Jv*OO(:jllj2'@'.t:h., t-W:ifla* 
~} q,JH:::'lt'.!:'1&MT 6 }\ 'Y? 71 r- t ~* ,{, t·~ 0 , 
WJtc~ 1 O)~BJJ:li:tlx*OOO) 0 '/:0iWatittt:~i" M!IJO)oo 
....I::_(;:, 7.1 ·11->?··~-riJ>7 r- 1) y A~:kt:IDJvtt:h., iJ> 
":), ~tt:z 1 'Y J- .> ;,··~ T t:~~ fg;-% !· WJiiT Zi 2 fl~ 0) 
§c*liJ>]i\,'l(;:ffi:xT 6 J:: -3 t=~~tt (,:fl '(;;;;:6i,&a8a*~~ 
~-z::··&'J -:i '(, WJ~c 2 fl~O)jlljc*.JRO) -3 t":,~ 1 O)~BJl]r:t)xO) 
*~$0)J~Jll$t:i~tt 0:fl6$JJ'-O)....l::_JJ(:~BJJ~'m:JmiJ> 
%Jvtt:h. "C~-6 b0T'&'J6 o 

[ 0 0 1 2 ) i t..: , Wf ~c~SJJz;f ~~O):t,!ft iJ, I T O t· &'i 
◊, 

[ o o 1 3 ) :t c wr~c~sJJ~~JmiJ,WJ~c 2 fl~O)jllj~*! 
cT)~!Lffi$Uim 0 tL 6 C::. t t:.= J: tJ 5'~$timlLffiT t l TM 
iti'" 6 b 0)'1:'&'i -1 o 
[ 0 0 1 4) ::$;§EBJJO)i,7:ta8a*:>F~'@'.!:l:, ~ 1 O)~BJl:li 

t/x, ;;1€~ 1 O)~BJJ£toct:xtr/i:JT-6~20)~BJl£:tm:, ;BJ: 
UWJ~c~ 1 O)~BJJ:lit!x c ~ 2 O)~BJJ:lit!x c 0) i!t> \. ,t_:· t:~ 
t'fci:h.6ft!ia8ati:f-l-U!i·,{, --e:·~-1SiWa"lci*:>Fnt,1vt, ~ttiW 
a"lci*~} ,:t,Jv*OO(:jllj~li:tt :h., iWai*:>FI q,JH:)t'.!:'1.& 
~tT 6; \ •y ? 71 r- t '.!:' ft A.- --e:·,:;;: -6 iWa8B*~~~t· &'i,:, 
-c, WJ~2m 1 O)J1'fBJJ£toc$:@O) -3 t-Awar,rm:tti'" Zi nrn 
0) ffi....l::_ (::~BJJ~~JmiJi'JfJJvt 2:' :fl, i1~BJJ~~]m0) J:.JJ (:: 
;z,1 •11-> 1f*-riJ"7 t-- 1J;, ;zm:IDwt0tt, n'":), iJ 
;z1 •y"f >-' ;,··~-=rt=~m.f§-%~1~~t6 2T1:~0)jl'jc*liJt 
Ji.i,. i(:1§:Y::T -6 J:: -3 t=~~tt t;:,:h. "C ~6 b O)t· i!t> 6 o 

[ 0 0 1 5) iC Wf~c~OJJ~~Jm0):t,!;f4f.1, I TOt'&'J 
◊, 

[ 0 0 1 6) ::$;§EBJJO)i,7:ta8a*:>F~'@'.!:l:, ~ 1 O)~SJl:li 
tix, ~ti.~ 1 crJ~BJJ:lifmt:.:xt1rirr 6 ~ 2 cTJ;iaBJJ:lifm, :b J:: 
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t.Fmr~2.~ 1 0)~13JJ~tN t ~ 2 0)~13JJ~tN t 0) ct')~ ,t~· i::m 
¾ 0 h 0 i&s8s1'1f--t ~~ tC t--:;;: 0 i!:lila*:if:1 q,;v t , ~t}!:li 
1c1i*:if:;q,;1,*oot::i!licjg~h, i&1c1Et*:if:1,;t,;1,-(:::'/c~fl)( 
!H 9 0} \ "I 7 '71 r t ~~ A, t·~ 0 i&s8s*:if:~@'.t· «> '"? 

T, ITTT~c~ 1O)~RJJ~tN*ffiO)-30i&s8s1'1:fl(;:ffT .f,f!llj 
O)fiijJ:J::~ 1 O)~DJJ~'m:g;l),.Jt;ff.lt¢Jl, ~1~ 1 O)~□Jj~ 

.gO)J::_1f~X1o/T✓7$rffi7r0?Xtt~%ff.lt¢ 

h, fr>, ~E.X1·J1-.;.,,;,··*r(::~%.(t~2:"(:!!J&--t02 
fj~O)jlljctli?11i~ ,(::rnB'i::-t 6 J:: -3 (::t~it 0h, 0 0 (::ITTT 
~c 2 fl'fflO)i!licliO) -3 1-:,~ 1 0)~13Jl~;f:NO)*:if:$0):7~Jll$ 
(::~~it 0h0$-n'-O)____l::_1f(::~ 2 0)~13Jl~'m:g;o,.Jt;ff.lt¢h 
T~-ti t,O)t'«>-ti o 

[ o o 1 7 J :t t::. , mr~c~ 1 O)~□JJ~-m:g:B J:: u~ 2 0) 
~RJJ~'m:JD!:O);t,f:fj;lj> I TOt'«>o o 

[ o o 1 s J :t t::. , mr~c~ 1 0)~13JJz!'m:~JJ,mr~2. 2 t1:m 
O)i!lic*lO)-)ljjijffij(::ttm¢:h0..: t i::J:: 0 :?~$ttm)/jjijrt 
L --cr:!-im-t o i,O)t·::f1J o 0 

[0019] 
[ JE.13JlO)~JJf!i0)%JiJU -:.> ett::, :2fs:JE.13J!O)i&s8B'~:if:~f:i'LO) 

~)JJ!i0).Jt;1L&(::-:; ~ I T~Jl.13Jl'"t 0 0 

[ 0 0 2 0] :2fs:_%BJcj(')i&s8s*:if:~@'.O)~)JJ!iO).lt5yl'JHU3~, 
--ctt, 7,;;-=;-1 7··71, 1J,;; x~tNJJ,, Y- 1,wc*l:BJ::tF 
1/-X iilic*lO) -3 1-":, ~ 1 O)~BJJ~;f:NO)*jf;$0)7~Jll$ (::~~ 
ltt:>h-t>fIBJt (-t::'.i:AJ0, -y--1,Wc*llHIB) O)_l1f(::JT%x: 
¢:h-ti~l3Jl~~~, :BJ::U/:tt::.li~ 10)~13Jl~tR*OO 
0) -3 f:_)ii%rl,;t,ff__.f(::tt-t -0 (J{ljO)jj'ijJ::_(::IDff.lt 0:h-0 ~13Jl~­
g2:"~ A, t·::'.i.:-o o 2-:.>0)~13JJ~•mHi, t,f:hli&ls* 
:if:1q,;1,iJ,t.,~R!i~~Jlitl¥/r-t 0 t::.n(::~.\Ht t_):ho o 

[ o o 2 1 ] ~aJJ~-m;g~"f-1,Wc*l$0)___i::_1ft::%ff.lt-t 
0 tr«> ~,, ~aJJ~•g t Y- r Wc*l:B J:: u-· 1/ - x iilic*l t 
O)i/i)~,t~·t::!i~$&~iJ,%ff.lt0ho o ~,:t:,, ~&~$&~Ii, 
~aJJ~•imt, tE$&gO)r1ft::IDrot0:ho i 0) t O)«>~, 
tc::·t,&iiHI2:" t 6 ~FJrHit ,--c ~aJJ~~gO)~*OOt::JT0mt 
~tL-ti O ::.crAfJ!:> ~ \, WT~cJE$&JlH:ff3JJx. lt::.cTJ½' .iifBJl 
~~JD!: t ::'.i: 0 JD!:~ ff '7 Xl!;t)x 0) ____l::_15 ~f:4-(;:ff.ltg l , ~~1 
g2:"i'ft*iJ,t:,O)J,-;7- ✓I. '1/ T/:'fH:;~ fflt,'""[ I '1/ T/ 
?T, 7-1,wc~$0)----'=-1ft::~sJJ1,ij;'~~~%rot-t0 0 ::'.i.:­
:B, ITTT~c.I '1/ T .;.,,:7--0)~(::, ~13JJ~-m:g c ;:'.i:.f,)m~ 1/­
r iilic*lO)!tiffi$, 1/-Xi!lic*lO)!tiffi$:BJ::UC siilic*lO)!tiffi$ 
O)_l1f(:: l~-t::. U::J:: tJ, :1/- l,JHllHiit:.,'i;fti1ff, 1/­
X:7~$ti®i:)ljjijro J:: u C s 7~$tiirJG)ljjij-y;/j>.Jt;ff.lt 0 h .f, 0 

~1:1/- }-:?Hmtm)/jjijT, 1/-X7~gnJm)/jjijT,:BJ::U-'C s 
7~$1Jm~liiffiJi.lfJff.lt0:ho ~JIJrO)*E$&i!Jiib t:> JJ, t-li)ll#; 
:t:~:h '""[Vl,t, o 

[ 0 0 2 2] :tt::., ~BJl~~JmHi 1 O)~BJl~rR~OO(:: 
IDff.lt-t 0 !fib t 1, ~~!3:~RJJ~•g*fiij(::;/ift.$&Jll:JJ>:lf1ff.lt0 
;/1fc:_0)1";,TFT, -Y- riilic*l:bJ::U1/-Xi!lic*l~c-7J'½ 
::'.i.:-0 T F T7v1i?'%ff.lt0h00 ~H, mr~2.~sJJ~•im 
*OOt::%fflt0h0tE~lm!i~l3Jl~'m:IM~*OOt:::/fJff.lt0 
tL-t>o 

( 4) ttltfl-¥ 1 1 - 1 6 0 7 2 7 

[ o o 2 3 ) ~ t:> i::, 5 tJ/::7 x,;; m~O) T :7 T 1 7··7 r 
1J? x~tm:~IDff.lt-t 0 !fib 1, ,, *:if:fflO)~BJJ'm:.Jii13.~ HY 
-=..;.,,:7··-t 0~, r,,J!EJ(::~R!i~Jlitl¥/rffl0)~13Jl~~~~'r 
-1,wctl$0)----'=-1ft::H-Y-=-:,,7 -t0 0 ~B, wr~c.5t:z 
7 x;;m~0)77T 1 7'7 t- lJ :7 X~tN!i, t,f7 X~t!x: 
J::_(::, Y-riilic*lt, '.Y'-H~~gt, TFTO)-$~ 
.ffil:ff.lt'°t6 Y lJ :1 > t, 1/--7,i!licrJlWJ::U Yv1 >i!licrl 
t, '*~l*E$&lmc, ~E.f*~l*E$&g(::Jf:;JI1t2-ht.:::1 >-Y 7 
r:t-1v~1t L 'Z'WJtc'/-::zjlljc*li:3J::U Yv1 >jlljc*U= 
•mll'.J (::ttm ~ h 6 7~$tim)ljjijT t l T 0) I TO gt ~ 
JIIJi;J:~~tt-ti..: t /::J:: tJ :lf1ff.lt2>h6 o ¢ t:,(::, 77'T 1 7·· 
7 r 1J,;; x£1'1x:O)f-lf!0)/71Jt L--cu, 6tJ/::7 x ?mm0)7 
:7 'T 1 7"7 r 1J ? x£f!it;lj% o Q i16 tx7 x :7 m~O)T 
7T 17-7 t- lJ? X£t!x!i, ·Jf'7 X~;f:NJ::_(::, Y- He 
*le:, Y- J,~$&~t, T F TO)-$~tilff.lti" 6:;.., lJ :J 

> t, ff!I~c1/-Xi!lic*lHJ::U-Tv1 >Wc*l(::~mll'.J(::tt 
it:3'1:0 h6 7HllHJit:.,'i;fti~ff t l T 0) I Tog t , f*~l*E~lm 
t, ~&{*~*E$&!m(:::/f1ff.lt0ht::.:1 >-Y? r:t-Jv~-ftl 
z7~$timftimri::~ma1.Jt::tim~:h01/-Xjlljc*Jjt:BJ::U 
r v1 >Wc*lt, D ct; '1/ HE$&gt H£tt 6..: t (::J:: 
tJ%ff.lt0h0, LCD HJ::U--~&L C DO)~::,fs;J'r'.]~~$~ 
c'/::-:>l.- 1--C !i, ~'efltfl-¥8- 6 0 6 9-l%1}ffi(;:ltfl~0h T 
~ I 0 o 

[0024) 

[ ~)Jfil{J)J] -? i'f /;:, ::$: .JEBJ!O)i~~*jf;~jl[O)~)Jfil{J)J (;:-:; 
~ IT IZ[jj'ij ~ ~!Kl l-:.>-? ~Jl.13Jl-t 0 0 

[ o o 2 5 ) ~JJi!i{JIJ 1 . IZIOO~~!ra l-:.>-:.>, ::,fs;.JEBJ!O)i~ 
B~~jf;~@'.O)~)J(!i{JIJ 1 /::-:.>t •T~5ll3Jl'"t 0 0 

[ 0 0 2 6) IZ! 1 U, ::$:_%13JlO)i~m1'(:,f;~@'.O)~JJi!i{JIJ 1 
t::iJ,iJ'v0 7?T 1 7·7 r 1J,;; x£tm:O)-{JIJ~:if:-t~Jl.13JJ 
IZ!t··il0 6 o 1Z11 /:::B ~ -i T, 1Z11 1 t r,,J-O)fl!ITJiJr!ir,,J t-B' 
-l%~ffl\,1'""[jf;'9' 0 2- t:,(::, 5!;;1:, I TO (indium tin o 

xide) ~-c·i:J,t:,;:'.i:6~13Jl~~JD!:2:":if:To 
[ o o 2 7 ) ~sJJ~•im 5 u•~Wl~Jlitl¥/ri- -ti t::.ni:.::ffJ 

ff.lt~:ho o t:- t_)(::, ~13Jl-¥J~Jm5 !i, 1/-Xjlljc*l2 a:b 
J::UY- r Wc*l 2 b 0)7-J'\§c*l$0)J::_1f(::%ff.lt2-h 
0 0 IZl:if:~h '""[t,;:'.i:t,iJ\ 1/-Xi!lic~2 cLf-3 J::UY- t­
Wc*l2 b c~l3Jl~'m:Jm5 c:O)ibt'lf~-(::U, Y-HE$&lm 
~ c· O)rE$&1miJ1:lf1nx: 2- n --c ~, 6 0 ~1re.~imi;;1:, ~aJJ~-m: 
mt 5 t , iliE$&lmTl'.IB (:: Jf)JJ!t 0 h 6 b 0) t 0) &) 1., ,t~·-c--~Jffi 
~ !:: .t, ~p_Jj-~ll#,1, 1--C, jf7 X~;f:N 1 O)~fiij(;:.Jt;ff.lt2>:h 
-0 " ~ :f:3, ITTTW~Jffi !- t -0 ~FfrO){JIJ t l T !i, ~13Jl~'m: 
im 5 0) -3 ·i::, 1/ - x7~$ ftm~liiff, Y- t- :7~$ftmuliiff J: 
t..::!iC s 7~$tim)ljjijrc l T:;f1Jffl~:h0$5-J"-O)T$(::ffl: 
@'. 9 0 ~Ffrii ib -ti o 

[002s) 1Z12ti, IZ!l0)7J"717-7r 1J,;;x~t1x: 
0) -'51-":,7-J'\§c*l-lm:b J::Uii"f-J,Wc*l$0))ffJill$zjf; 
T!lt*1¥1TOO~J/.8JJIZ!t'ib 0 0 IZl2 (::;t:;~ •T' IZI 1 t [AJ-0) 
~JiJrU[A}t-B'-l%zffl~ 1T:if:To 2- t:>t::, 6!i, Y-HE 
$&Jm~t-crJtE$&!m~:if:i-◊ ~h, IZl2 (:.::Ii, '/-Xi!lic¾l 
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2 a 07-1,jllj2il$±::3 J:U~1fr-J,jllj2il$0Jll:i21$iJ{jf; 
~:tr(i.,,;so 
[ 0 0 2 9] i;Rf 2 (;:jf;::,:h{S J: -3 t::, 7-F,jlljc~$0)J::. 

nf::!i, I TO, I n2 Os £t..:!iS n 02 ~c'O)J:fill3J] 
~~:tffi~ ffll., •T~m~~l!fiffjO)~RJl~~J:ll 5 ii'-Jf%X:~ 
Jloo lru~c:i5'.□Jl~~J:ll5t::J: VJ, J'\,y:751 J---'\-ce>Jll:ill@J 
Ji!ti:PGmt±:l~:h,S:1Jjf:;~~c·iJ,Lll'(E:;!t~-7l, LCD~ 

mmt-t o ih G~o @JJi!%±::3 J:UW2it~ t'i)> G:til<:te ~ fl{S ~ 
mimiJ>JNl3Jl~~Jm 5 t::J:: 0 JI[l!Jr~ :h,S o L t._::iJ>-7 ---c, ,, 
'1/ :7 31 r-"\"Jll:i21@JJi!M>Gi71a8sc~:JR}{:r,;l,f'--.O)~m~~ 

{.!:.12:i!¾-t ;s 2:. t iJ,z:· t ;s o 
[ o o 3 o J £ t..:: , ~m~ ~ JNl3Jli;¥~m 5 ~ 1r l --c ;;·· 3 

> Y (tfl-t!!ID) f'--.M}c l 't" ti J: 1., ·◊ l;Rf 3 U:, *J'E□JIO)i-f1 
a8a*7G'mli'.0~1if!if71J 1 t::iJ>i)> ;b .f, t:rta8a*7GF\ :t, JU3 J: U 
~li-W:aRB*,T;J,:t,JvO)Jll:i21$0)-(yij~ ~i'"~Jt13Jll;R[Z·;b ◊ ◊ 
1:R13 t::m ,z, 1:R11 ±::3 J:Ul:RI 2 t lr'tJ-O)fffilJfJr!:tlr'tJ t 1't{} 
~ _m 1.,, ---c ~-t O ~ Gt::, 1 o u, f-aa8a*:JR} q, ,v ~ :st:ls!r 
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Abstract of JPH09307257 {A} 

PROBLEM TO BE SOLVED: To prevent 
the leaking of an unusual sound caused 
by tt1e plasma discharge of a PDP at low 
voltage to the outside of a housing, to 
suppress temperature rise by cooling the 
PDP, and to exhibit full performance. 
SOLUTION: A housing 'l is formed in 
required film thickness of synthetic resin, 
etc., the front of the housing 1 is formed 
by double reinforced glass 2, a void 3 is 
provided, and the devv concentration 
generated by the cooling of the housing is 
prevented. Ventilating space is provided 
on the front side of the PDP 4, 
refrigeration cycle cooling unit 6 is 
provided bel1ind a circuit board, and a 
ventilating fan 7 is provided on the lower 
part. The cooling unit is connected to a 
heat dissipating unit 8 by two refrigerant 
pipes 11 and 12, the heated refrigerant is 
compressed by a compressor 9, heat is 
radiated by a heat radiator 10, and cooled 
refrigerant is sent to the cooler by a 
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refrigerant pipe 12. The air cooled by the cooling unit is circulated in the housing by an 
air blasting fan as shown by the arrows, and the PDP and the circuit board are cooled. 
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A temperature sensor i 3 is provided in the housing, and the refrigerant cycle and the 
air blasting fan are operated when air is in the temperature higher than required. 
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JP,09-307257,A(l997) [CLAIM+ DETAILED DESCRIPTION] 

CLAIM+ DETAILED DESCRIPTION 

[Claim(s)] 

Page 1 of 3 

[Claim 1]A condensator of a refrigerating cycle which comprises a plasma display panel, and a condensator and a radiator in a sealed housing, A display unit 

which allocates a blower fan, allocates a radiator of the aforementioned refrigerating cycle out of a housing, and cooled a plasma display panel in cold by the 

aforementioned condensator. 

[Claim 2]Allocate the aforementioned condensator in the tooth-back side of a plasma display panel, allocate the aforementioned blower fan under the 

condensator, provide ventilation space between the aforementioned housing and a front face of a plasma display panel, and with rotation of a blower fan, The 

display unit according to claim 1 with which air for which air cooled with a condensator was ventilated towards a lower end of the aforementioned ventilation 

space, and which passed along ventilation space formed a circulating route which faces to a condensator from an upper bed of ventilation space. 

[Claim 3]Form the aforementioned housing with a synthetic resin material which has adiathermancy, and it makes a portion which counters a graphic display 

side of a plasma display panel dual structure of tempered glass, The display unit according to claim 1 or 2 which provides a cavity between tempered glass 

and prevented dew condensation to a glass surface by cooling in a housing. 

[Claim 4]Claim 1 which allocated a temperature sensor in the aforementioned housing, and was made to perform operation of the aforementioned refrigerating 

cycle and a blower fan when temperature in a housing was more than required temperature, the display unit according to claim 2 or 3. 

[Claim 5]Allocate a plasma display panel and a blower fan in a sealed housing, and. Attach a refrigerating plant out of a housing and between a housing and 

refrigerating plants is connected with two ventilation pipes, A display unit which air cooled from a refrigerating plant with one ventilation pipe is sent in a 

housing, inside of a housing is circulated with the aforementioned blower fan, and air which was able to be warmed within a housing with a ventilation pipe of 

another side is returned to a cooling system, and cooled a plasma display panel. 

[Detailed Description of the Invention] 

[0001] 

[Field of the lnvention]This invention relates to the display unit which used the plasma display panel (PDP), attaches a cooling system, cools the inside of a 

case, controls the degradation of PDP, and relates to what improves brightness contrast. 

[0002] 

[Description of the Prior Art]Since depth is thin compared with the cathode-ray tube of the same screen size, PDP can shorten the depth of a case 

substantially by attaching to the tooth back of PDP the circuit board in which the drive circuit etc. were carried. However, PDP generates heat by plasma 

discharge, the temperature of the PDP itself rises with this heat, and a circuit board is warmed simultaneously. Since the luminous efficacy of a fluorescent 

substance gets down by a rise in heat, luminosity falls, PDP has the problem that luminosity falls further if lighting times are restricted in order to suppress a 

rise in heat, and the reliability of a driving circuit part article falls by the rise in heat of a circuit board, There is a problem that the generous parts of 

temperature rating must be used. 

[0003]For this reason, in the display unit using PDP, weight is put on heat dissipation of PDP, For example, as shown in rJrawinq 2, axial fan 21 grade is 

provided behind the circuit board 5 of the tooth back of PDP4, The open air is inhaled from the pars basilaris ossis occipitalis of the case 22, etc., and he 

discharges between PDP4 and the circuit boards 5 or the back of the circuit board 5 from the ventilating hole 23 on through and the tooth back of a housing 

out of a housing, and is trying to cool PDP4 and the circuit board 5. If a good material of heat conduction is used, will become an effective radiation means, 

but since the light filter 24 is allocated in the front face of PDP4 for the antireflection of outdoor daylight, etc. [ this light filter 24] The actual condition is it being 

necessary to make it not feel hotly, when people's hand etc. touch, and there being such a Reason, and constituting the light filter 24 from a plastic material 

which is not good as for heat conduction, and the radiating effect by the light filter 24 cannot be expected. 

[0004]Although PDP4 encloses xenon gas etc. with space sealed with two glass substrates, molecules, such as xenon gas, are excited by inter-electrode 

electric discharge, ultraviolet rays are generated, the fluorescent substance applied to the inside by these ultraviolet rays is excited and light is emitted in the 

light of a light range, Volume, such as xenon gas, expands by this electric discharge (plasma discharge), a glass substrate vibrates, and an allophone is 

generated. The atmospheric pressure of a closed space between glass substrates is about 1 atmosphere of abbreviated several 10 minutes, since two glass 

substrates are pressed by the atmospheric pressure, vibration is suppressed and an allophone is a level which is not worried so much in lowlands, but. When 

operating PDP at the high ground within the state, for example, the airplane under flight, where an atmospheric pressure is low, etc., since the thrust from the 

outside of a glass substrate declines relatively, a glass substrate will be in the state of being easy to vibrate, and the level of an allophone will become high. 

[0005] 

[Problem to be solved by the invention]This invention makes the housing of a display unit a direct vent type in view of such a point, and the break-through 

level of an allophone is reduced, The condensator and blower fan of a refrigerating cycle are provided in a housing, the radiator of a refrigerating cycle is 

allocated out of a housing, the inside of a housing is circulated for the air cooled with the condensator with a blower fan, PDP is cooled, and it is in making it 

make full demonstrate the engine performance of PDP. 

[0006] 
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[Means for solving problem]ln order that this invention may solve above-mentioned problem, in the sealed housing PDP, The condensator of the refrigerating 

cycle which comprises a condensator and a radiator, and a blower fan are allocated, the radiator of the aforementioned refrigerating cycle is allocated out of a 

housing, and the display unit which cooled PDP in the cold by the aforementioned condensator is provided. 

[0007] 

[Mode for carrying out the invention Jin the display unit by this invention, a housing is formed in sealed structure with the synthetic resin material which has 

adiathermancy, Allocate PDP, a condensator, and a blower fan in an inside, and the radiator which constitutes a refrigerating cycle from this condensator is 

allocated out of a housing, Arrange a condensator to the tooth-back side of PDP, and it arranges a blower fan under the condensator, Make into the dual 

structure of tempered glass the portion which counters the graphic display side of PDP of the front face of a housing, provide ventilation space between the 

housing anterior part and PDP containing a square, and with rotation of a blower fan, The air cooled with the condensator is ventilated towards the lower end 

of the aforementioned ventilation space, and air passing through ventilation space forms the circulating route which faces to a condensator from the upper bed 

of ventilation space, When a temperature sensor is formed in a housing and the temperature in a housing rises more than required temperature, a 

refrigerating cycle and a blower fan are operated, the temperature of PDP is lowered, and it is made to operate PDP in the best state. 

[0008] 

[Working example]Hereafter, based on Drawings, the working example of the display unit by this invention is described in detail. Drawing 1 is an important 

section sectional side elevation of one working example of the display unit by this invention. In a figure, 1 is a housing and is formed with a synthetic resin 

material etc. 2 is tempered glass, considers it as dual structure and forms the cavity 3 in the middle. It is the circuit board in which 4 allocated PDP in and five 

allocated the drive circuit of PDP4, etc., and is attached to the tooth back of PDP4. A condensator and 7, nine in an exhaust heat unit and the exhaust heat 

unit 8, 6 is refrigerant piping and, as for a compressor and 10, a blower fan and 8 constitute [ a radiator, and 11 and 12] a refrigerating cycle by these 

condensators 6, the compressor 9, the radiator 10, and the refrigerant piping 11 and 12. 13 is a temperature sensor and detects the temperature in the 

housing 1. 

[0009]Next, operation of the display unit by this invention is explained. PDP4 is driven by the signal from the circuit board 5 based on a video signal, it excites 

molecules, such as xenon gas enclosed by plasma discharge in the glass substrate, generates ultraviolet rays, excites the fluorescent substance applied to 

the inside, emits light in the light of a light range, and displays an image. The housing 1 is formed in necessary wall thickness with a synthetic resin material, 

uses the tempered glass 2 (dual structure) for the front part, makes it sealed structure, and it gives adiathermancy at the same time it obtains intensity 

required for maintenance of PDP4 grade. The tempered glass 2 is used in order to damage glass and to keep a fragment from dispersing, when a strong 

shock is added from the outside. 

A plastic etc. are not used for this portion (tempered glass) in order to make it there be nothing that is transformed with a difference of outdoor air pressure 

and an atmospheric pressure in a housing (it swells), when installing in the inside of a plane of an airplane, or a place where altitude is high for example. 

The cavity 3 is made using the tempered glass 2 two sheets in order not to produce dew condensation on glass in a temperature gradient with the open air by 

cooling in the housing 1. 

[0010]PDP4 provides and attaches the ventilation space of proper width between the housing 1 and the tempered glass 2. The condensator 6 is allocated 

behind the circuit board 5, and is connected with the exhaust heat unit 8 by the refrigerant piping 11 and 12. And a refrigerant is compressed into high 

temperature high pressure by the compressor 9 in the exhaust heat unit 8, After sending to the radiator 10, making it condensate-ize by heat exchange 

(exhaust heat) with the open air, sending in the housing 1 by the refrigerant piping 12 and decompressing with the capillary tube etc. which are not illustrated, 

the condensator 6 performs air and****** (endoergic) in the housing 1, and air in the housing 1 is cooled. The refrigerant which became low pressure gas by 

heat exchange returns to the compressor 9 by the refrigerant piping 11. The air cooled with the condensator 6 is ventilated by direction of an arrow head with 

the blower fan 7, passes along the ventilation space of the front face of PDP4, is warmed by generation of heat of PDP4 (it is lowering about the temperature 

of PDP4), and goes into the condensator 6 through the upper bed of PDP4. And it is again cooled with the condensator 6 and the circulating route of being 

ventilated with the blower fan 7 is formed. A cross flow fan is used for the blower fan 7, and it sends a cold blast to the overall width of PDP4 uniformly, for 

example. 

[0011]The temperature sensor 13 is attached to the ceiling part in the housing 1, etc., the temperature in the housing 1 is detected, and when it becomes more 

than a necessary temperature, the aforementioned refrigerating cycle and the blower fan 7 are operated. Above, although the example of the refrigerant 

compression equation constituted from the condensator 6, the compressor 9, and radiator 10 grade explained the refrigerating cycle, it heats liquid ammonia 

etc. under high voltage, is sent to a condensator, evaporates it, and may consist of absorption type refrigeration cycles which cool air in the housing 1 with this 

evaporation heat. Since this system does not use the compressor 9, it has an advantage which does not require the measure against noise by operation of a 

compressor. 

[0012]Although the example allocated in a housing explained the condensator of the refrigerating cycle above, Also install a condensator out of a housing with 

a compressor and a radiator, and between this cooling system and housing is connected with two ventilation pipes, Cold is sent in a housing from a cooling 

system with one ventilation pipe, this cold is circulated within a housing with a blower fan, and it may be made to return the warmed air to a cooling system 

with the ventilation pipe of another side. 

[0013]As mentioned above, since the rise in heat of PDP4 is controlled and the luminous efficacy of a fluorescent substance does not fall by providing a 

refrigerating cycle and cooling the inside of a housing, a high-intensity image can be displayed, and since the rise in heat of a circuit board is controlled, the 

reliability of parts, such as a drive circuit, improves. By making the housing 1 into sealed structure, the break-through level to the outside of the housing of an 

allophone by which it is generated in connection with the plasma discharge of PDP4 is reduced, and even when it installs in the inside of the state, for 

example, the airplane under flight, where an atmospheric pressure is low, or high ground, compared with the flat ground, the allophone of PDP is hardly 

worried. 

[0014] 

[Effect of the lnvention]Since according to the display unit by this invention a refrigerating cycle is provided and the inside of a housing is cooled as explained 

above, The rise in heat of PDP is controlled, since the luminous efficacy of a fluorescent substance does not fall, a high-intensity image can be displayed, and 

since the rise in heat of a circuit board is controlled, the reliability of parts, such as a drive circuit, improves. Since the housing was made into sealed structure, 

even when the break-through level to the outside of the housing of the allophone resulting from the plasma discharge of PDP is reduced and it installs in the 

inside of the state, for example, the airplane under flight, where an atmospheric pressure is low, or high ground, compared with the flat ground, the allophone 

of PDP is hardly worried. 
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[Translation done.] 
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COOLING SYSTEM FOR AN ELECTRONIC DISPLAY 

Inventors: William Dunn, Tim Hubbard, Ryan DeMars 

Cross-Reference to Related Applications 

[0001] This application claims priority to U.S. Application No. 61/791,390 filed on 

March 15, 2013, which is herein incorporated by reference in its entirety. 

Technical Field 

[0002] Exemplary embodiments generally relate to cooling systems and in particular 

to cooling systems for electronic displays. 

Background of the Art 

[0003] Improvements to electronic displays now allow them to be used in outdoor 

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

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

desirable to have displays which are capable of withstanding large surrounding 

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

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

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

become even more difficult. 

[0004] Additionally, modern displays have become extremely bright, with some 

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

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

areas where the display illumination must compete with other ambient light. In order to 
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produce this level of brightness, illumination devices and electronic displays may 

produce a relatively large amount of heat. 

[0005] Still further, in some situations radiative heat transfer from the sun through a 

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

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

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

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

more heat will be transmitted into the displays. 

Summary of the Exemplary Embodiments 

[0006] Exemplary embodiments use a combination of circulating gas and external air 

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

remove heat from the front of the image assembly. Because the gas is only circulating 

within the display, it can remain free of particulate and contaminates and will not harm 

the display. 

[0007] External air may be ingested into the display in order to cool the circulating 

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

which will allow the heat to transfer from the circulating gas to the external air, 

preferably without letting the external air and circulating gases mix with one another. 

An exemplary embodiment would use a cross-flow or counter-flow heat exchanger. An 

additional flow of external air can be drawn across the rear surface of the electronic 

display to remove heat from the rear portion of the electronic display. When using a 
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LCD as the electronic image assembly, this additional flow of external air can be used 

to remove heat from the rear portion of the backlight for the LCD. 

[0008] If using the additional external air pathway behind the electronic display, a 

manifold may be used to collect the external air along an edge of the display and 

distribute this into a number of smaller flows. The fans for driving this additional 

external air pathway can be placed within the manifold in order to reduce the noise 

emitted by the fans and provide an even distribution of external air across the display. 

[0009] The foregoing and other features and advantages will be apparent from the 

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

illustrated in the accompanying drawings. 

Brief Description of the Drawings 

[001 0] 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: 

[0011] FIGURE 1 provides a rear perspective view of an exemplary electronic display 

assembly and illustrating the horizontal section line 3-3 and vertical section line 5-5. 

[0012] FIGURE 2 provides a rear perspective view of the embodiment shown in 

Figure 1 where the rear cover has been removed. 

[0013] FIGURE 3A provides a perspective section view taken along the section line 3-

3 of Figure 1 and showing Details 3B and 3C. 

[0014] FIGURE 3B provides a detailed section view of Detail 3B shown in Figure 3A. 

[0015] FIGURE 3C provides a detailed section view of Detail 3C shown in Figure 3A. 

3 



SEC et al. v. MRI 
SEC Exhibit 1031.1469 

IPR2023-00254 

WO 2014/150036 PCT/0S2014/021945 

[0016] FIGURE 4 provides a top planar view of an exemplary pass through gasket. 

[0017] FIGURE 5 provides a planar section view taken along the vertical section line 

5-5 shown in Figure 1 and indicates Detail 6. 

[0018] FIGURE 6 provides a detailed planar section view of Detail 6 shown in Figure 5 

and indicates Detail 7 as well as section line 8-8. 

[0019] FIGURE 7 provides a detailed planar section view of Detail 7 shown in Figure 

6. 

[0020] FIGURE 8 provides a perspective section view taken along section line 8-8 

shown in Figure 6. 

[0021] FIGURE 9 provides a perspective view of an exemplary embodiment for a 

corrugated heat sink. 

Detailed Description 

[0022] The invention is described more fully hereinafter with reference to the 

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

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

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

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

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

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

[0023] It will be understood that when an element or layer is referred to as being 

"on" another element or layer, the element or layer can be directly on another element 
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or layer or intervening elements or layers. In contrast, when an element is referred to as 

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

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

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

items. 

[0024] It will be understood that, although the terms first, second, third, etc., may be 

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

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

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

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

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

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

invention. 

[0025] Spatially relative terms, such as "lower", "upper" and the like, may be used 

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

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

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

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

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

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

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

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

5 



SEC et al. v. MRI 
SEC Exhibit 1031.1471 

IPR2023-00254 

WO 2014/150036 PCT/0S2014/021945 

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

interpreted accordingly. 

[0026] 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. 

[0027] Unless otherwise defined, all terms (including technical and scientific terms) 

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

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

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

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

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

herein. 

[0028] FIGURE 1 provides a rear perspective view of an exemplary electronic 

display assembly and illustrating the horizontal section line 3-3 and vertical section line 

5-5. A housing 7 is preferably used to contain the assembly and may utilize a rear 

cover 5 to provide access to the display assembly when removed. 

[0030] FIGURE 2 provides a rear perspective view of the embodiment shown in 

Figure 1 where the rear cover 5 has been removed. A first flow of external air 500 is 
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shown passing through a heat exchanger 500, driven by fans 40. Although fans 40 are 

shown drawing external air 500 through the heat exchanger, fans 40 could also be 

positioned to push external air 500 through the heat exchanger. Other embodiments 

could of course use fans to both push and pull through the heat exchanger, or fans in 

addition to the ones shown here. A second flow of external air is shown being forced by 

fans 25 and 20 to flow into a first manifold 98 across the rear portion of the electronic 

display assembly, down a second manifold 99, and eventually exhausted out of an 

exhaust aperture at the bottom of the display. A plurality of electronic assemblies 51 for 

controlling and powering the electronic display is shown within the housing 7 cavity. The 

electronic assemblies 51 could be any one of the following but not limited to: power 

modules, video players, wireless/satellite receivers, hard drives, microprocessors, 

capacitors, motors, microprocessors, hard drives, AC/DC converters, transformers, or 

printed circuit boards. 

[0031] FIGURE 3A provides a perspective section view taken along the section line 

3-3 of Figure 1 and showing Details 3B and 3C. 

[0032] FIGURE 3B provides a detailed section view of Detail 3B shown in Figure 3A. 

A plurality of circulating fans 30 are used to force circulating gas 700 across the 

electronic assemblies 51 and through the heat exchanger 50, as well as between the 

front transparent plate 110 and the electronic display 100, forming a closed loop. The 

circulating gas 700 passes through the opening within the pass through gasket 200 

while the external air 600 travels around the pass through gasket, substantially ensuring 

that the external air 600 and circulating gas 700 do not mix. 
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[0033] The flow of external air 600 is shown traversing the first manifold 98 and 

passing by the cross through gasket 200 in order to enter a channel which runs behind 

the electronic display 100. The channel is preferably defined as the space between the 

rear surface of the electronic display 100 and a plate 125. A preferably corrugated and 

preferably continuous heat sink 130 is ideally placed within the channel in order to 

facilitate the conductive transfer of heat from the electronic display 1 00 to the 

continuous heat sink 130, to be removed by convection with the external air 600. 

[0034] The heat exchanger 50 preferably contains a plurality of layers which define 

channels which contain either circulating gas 700 or external air 500. Preferably, the 

circulating gas 700 is not permitted to mix with the external air 500 or the external air 

600. In an exemplary embodiment, another channel 55 is defined by the space 

between the plate 125 and the heat exchanger 50 and would contain the external air 

500. Preferably, the flow of external air 500 through channel 55 is perpendicular to the 

flow of external air 600 passing through the gap between the rear surface of the 

electronic display 100 and the plate 125. 

[0035] FIGURE 3C provides a detailed section view of Detail 3C shown in Figure 3A. 

The flow of external air 600 travels through the channel and again passes around the 

pass through gasket 200 to enter the second manifold 99, eventually being directed out 

of an exhaust aperture. The circulating gas 700 is shown exiting the heat exchanger 50 

and passing through the opening within the pass through gasket 200 and then between 

the front transparent plate 110 and the electronic display 100. 

[0036] FIGURE 4 provides a top planar view of an exemplary pass through gasket 

200. As shown the opening within the gasket 200 is defined by a pair of sides 210 
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which are substantially planar and parallel to the flow of the circulating gas 700. The 

opening also contains a pair of sides 220 which are curved outwardly from a common 

centerline passing through the sides 210. Generally, the cross sectional thickness of 

the gasket 200 is relatively constant. Also, preferably the gasket 200 is a continuous 

element surrounding the opening. The external air 600 impacts the curved sidewall 

(having a similar shape and offset from the curved sides 220) and travels around the 

curved sidewall until it passes parallel to the sidewall 210 and curves around the 

opposing curved sidewall until resuming a more laminar flow. Preferably, the circulating 

gas 700 curves around the curved sides 220 when entering/exiting the gasket 200. 

[0037] FIGURE 5 provides a planar section view taken along the vertical section line 

5-5 shown in Figure 1 and indicates Detail 6. This figure illustrates the flow of external 

air 500 which enters the housing through an inlet aperture, passes through the heat 

exchanger 50 and channel 55, eventually exiting the housing through an exhaust 

aperture. 

[0038] FIGURE 6 provides a detailed planar section view of Detail 6 shown in Figure 

5 and indicates Detail 7 as well as section line 8-8. Here, the section line 8-8 cuts 

directly through the corrugated heat sink 130. 

[0039] FIGURE 7 provides a detailed planar section view of Detail 7 shown in Figure 

6. Here, the corrugated heat sink 130 preferably alternates between contacting the rear 

surface of the electronic display 100 and the plate 125, defining a series of alternating 

channels (one channel defined by the heat sink 130 and the rear surface of the 

electronic display 100, and the second channel defined by the heat sink 130 and the 

plate 125). 
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[0040] FIGURE 8 provides a perspective section view taken along section line 8-8 

shown in Figure 6. As shown, the external air 600 is forced by the fans 25 and 20 to 

enter the housing and travel down the first manifold until passing by a pass through 

gasket 200 and across the corrugated heat sink 130 until passing by another pass 

through gasket 200 and entering the second manifold to be exhausted out of the 

housing. Of course, some embodiments may not utilize both fans 25 and 20 but may 

only utilize one or the other. Some embodiments may use more fans in addition to fans 

25 and 20. 

[0041] FIGURE 9 provides a perspective view of an exemplary embodiment for a 

corrugated heat sink. 

[0042] Some embodiments may use glass as the transparent front plate 110. 

Exemplary embodiments may use two pieces of glass laminated with index-matching 

optical adhesive. Some front plates 110 may provide other utility such as anti-reflection 

or polarizing functions. 

[0043] In a preferred embodiment, the heat exchanger 50 would be a cross-flow heat 

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

any of the embodiments herein. The heat exchanger 50 may be a cross-flow, parallel 

flow, or counter-flow heat exchanger. In an exemplary embodiment, the heat 

exchanger 50 would be comprised of a plurality of stacked layers of thin plates. The 

plates may have a corrugated, honeycomb, or tubular design, where a plurality of 

channels/pathways/tubes travel down the plate length-wise. The plates may be stacked 

such that the directions of the pathways are alternated with each adjacent plate, so that 

each plate's pathways are substantially perpendicular to the pathways of the adjacent 
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plates. Thus, external air or circulating gas may enter an exemplary heat exchanger 

only through plates whose channels or pathways travel parallel to the path of the gas. 

Because the plates are alternated, the circulating gas and external air may travel in 

plates which are adjacent to one another and heat may be transferred between the two 

gases without mixing the gases themselves (if the heat exchanger is adequately sealed, 

which is preferable). 

[0044] In an alternative design for a heat exchanger, an open channel may be placed 

in between a pair of corrugated, honeycomb, or tubular plates. The open channel may 

travel in a direction which is perpendicular to the pathways of the adjacent plates. This 

open channel may be created by running two strips of material or tape (esp. very high 

bond (VHB) tape) between two opposite edges of the plates in a direction that is 

perpendicular to the direction of the pathways in the adjacent plates. Thus, gas 

entering the heat exchanger in a first direction may travel through the open channel 

(parallel to the strips or tape). Gas which is entering in a second direction (substantially 

perpendicular to the first direction) would travel through the pathways of the adjacent 

plates). 

[0045] Other types of cross-flow heat exchangers could include a plurality of tubes 

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

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

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

exchangers and any type would work with the embodiments herein. 

[0046] An exemplary heat exchanger may have plates where the sidewalls have a 

relatively low thermal resistance so that heat can easily be exchanged between the two 
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gases. A number of materials can be used to create the heat exchanger. Preferably, 

the material used should be corrosion resistant, rot resistant, light weight, and 

inexpensive. Metals are typically used for heat exchangers because of their high 

thermal conductivity and would work with these embodiments. However, it has been 

discovered that plastics and composites can also satisfy the thermal conditions for 

electronic displays. An exemplary embodiment would utilize polypropylene as the 

material for constructing the plates for the heat exchanger. It has been found that 

although polypropylene may seem like a poor thermal conductor, the large amount of 

surface area relative to a small sidewall thickness, results in an overall thermal 

resistance that is low. Thus, an exemplary heat exchanger would be made of plastic 

and would thus produce a display assembly that is thin and lightweight. Specifically, 

corrugated plastic may be used for each plate layer where they are stacked together in 

alternating fashion (i.e. each adjacent plate has channels which travel in a direction 

perpendicular to the surrounding plates). 

[0047] In an exemplary embodiment, the electronic display 100 would be a direct LED 

backlit LCD where the LED backlight would contain a plurality of LEDs mounted on a 

thermally conductive substrate (preferably a metal core PCB). The rear surface of the 

LED backlight would preferably contain a thermally conductive plate which may be in 

conductive thermal communication with the heat sink 130. In an exemplary 

embodiment, the heat sink 130 would be metallic and more preferably aluminum. 

[0048] The circulating gas 700, external air 500, and external air 600 can be any 

number of gaseous matters. In some embodiments, air may be used as the gas for all. 

Preferably, because the circulating gas 700 travels in front of the electronic display 1 00 
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it should be substantially clear, so that it will not affect the appearance of the image to a 

viewer. The circulating gas 700 should also preferably be substantially free of 

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

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

electronic components. 

[0049] The cooling system may run continuously. However, it desired, temperature 

sensing devices may be incorporated within the electronic display to detect when 

temperatures have reached a predetermined threshold value. In such a case, the 

various cooling fans may be selectively engaged when the temperature in the display 

reaches a predetermined value. Predetermined thresholds may be selected and the 

system may be configured to advantageously keep the display within an acceptable 

temperature range. Typical thermostat assemblies can be used to accomplish this 

task. Thermocouples may be used as the temperature sensing devices. 

[0050] It is to be understood that the spirit and scope of the disclosed embodiments 

provides for the cooling of many types of displays. By way of example and not by way 

of limitation, embodiments may be used in conjunction with any of the following 

electronic image assemblies: LCD (all types), light emitting diode (LED), organic light 

emitting diode (OLEO), field emitting display (FED), light emitting 

polymer (LEP), organic electro luminescence (OEL), plasma displays, and any other 

thin panel electronic image assembly. Furthermore, embodiments may be used with 

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

contemplated that the system may be well suited for use with full color, flat panel OLEO 

displays. Exemplary embodiments may also utilize large (55 inches or more) LED 
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backlit, high definition liquid crystal displays (LCD). While the embodiments described 

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

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

stability of the display may be at risk. 

[0051] As is well known in the art, electronic displays can be oriented in a portrait 

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

[0052] Having shown and described preferred embodiments, those skilled in the art 

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

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

of the elements indicated above may be altered or replaced by different elements which 

will provide the same result and fall within the spirit of the claimed invention. It is the 

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

We claim: 

1. A system for cooling an electronic display having a rear surface comprising: 

a plate positioned adjacent to the rear surface of the electronic display, the 

space between the plate and the rear surface of the electronic display 

defining a first channel; 

a first fan positioned for force a first flow of external air through the first channel; 

a second channel placed adjacent to the first channel and sharing the plate; and 

a second fan positioned to force a second flow of external air through the second 

channel. 

2. The system of claim 1 wherein: 

the first flow of external air is perpendicular to the second flow of external air. 

3. The system of claim 1 wherein: 

the plate is metallic. 

4. The system of claim 1 further comprising: 

a first and second manifold in gaseous communication with the first channel. 

5. The system of claim 1 wherein: 

the rear surface of the electronic display is the rear surface of an LED backlight. 
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6. The system of claim 1 further comprising: 

a continuous heat sink placed within the first channel. 

7. The system of claim 6 wherein: 

the continuous heat sink is in conductive thermal communication with the rear 

surface of the electronic display. 

8. The system of claim 6 wherein: 

the continuous heat sink is in conductive thermal communication with the plate. 

9. The system of claim 1 further comprising: 

a heat exchanger having a first plurality of pathways for accepting the second 

flow of external air and a second plurality of pathways for accepting 

circulating gas; 

a transparent plate positioned in front of the electronic display to produce a third 

channel between the plate and the electronic display; and 

a circulating fan positioned to force circulating gas through the second plurality of 

pathways of the heat exchanger and through the third channel. 

10. The system of claim 9 further comprising: 

a pass through gasket having an opening for accepting circular gas. 

11. The system of claim 9 further comprising: 
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a pass through gasket positioned within the first channel such that circulating gas 

travels through the gasket while the first flow of external air travels around 

the gasket. 

12. The system of claim 9 further comprising: 

a pair of pass through gaskets positioned within the path of the circulating gas 

such that a closed loop of the circulating gas would pass through both 

gaskets. 

13. The system of claim 9 wherein: 

the second channel is defined by the space between the plate and the heat 

exchanger. 

14. The system of claim 10 wherein: 

the opening of the gasket is defined by a first pair of sides which are parallel to 

the flow of the circulating gas and a second pair of sides which connect to 

the first pair of sides and curve away from a center of the opening. 

15. A system for cooling an electronic display comprising: 

a plate positioned behind the electronic display, the space between the plate and 

the electronic display defining a first channel; 

a first fan positioned for force a first flow of external air through the first channel; 
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a heat exchanger positioned adjacent to the plate where the space between the 

heat exchanger and the plate defines a second channel; and 

a second fan positioned to force a second flow of external air through the second 

channel and through the heat exchanger. 

16. The system of claim 15 further comprising: 

a corrugated metallic heat sink positioned within the first channel. 

17. The system of claim 15 wherein: 

the heat sink contacts the electronic display and the plate in an alternating 

fashion. 

18. The system of claim 15 further comprising: 

a transparent plate positioned in front of the electronic display to produce a third 

channel between the plate and the electronic display; and 

a circulating fan positioned to force circulating gas through the heat exchanger 

and through the third channel. 

19. A system for cooling an electronic display comprising: 

a plate positioned behind the electronic display, the space between the plate and 

the electronic display defining a first channel; 

a first fan positioned for force a first flow of external air through the first channel; 
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a heat exchanger positioned adjacent to the plate where the space between the 

heat exchanger and the plate defines a second channel; 

a second fan positioned to force a second flow of external air through the second 

channel and through the heat exchanger; 

a first plurality of pathways within the heat exchanger for accepting the second 

flow of external air; 

a second plurality of pathways within the heat exchanger for accepting 

circulating gas; and 

a plurality of pass through gaskets placed within the first channel such that 

circulating gas travels through the gaskets while the first flow of external 

air travels around the gaskets. 

20. The system of claim 19 further comprising: 

an opening within the pass through gaskets defined by a pair of opposing sides 

which are substantially planar and connect with another pair of opposing 

sides which are curved outwardly. 
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