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contemplated that the additional open loop channel may be added to one or both side 

assemblies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] In addition to the features mentioned above, other aspects of the present 

invention will be readily apparent from the following descriptions of the drawings and 

exemplary embodiments, wherein like reference numerals across the several views refer 

to identical or equivalent features, and wherein: 

[0013] Figure 1 is a front perspective view of an exemplary assembly in 

accordance with the present invention; 

[0014] Figure 2 is a front perspective of the assembly of figure 1 illustrated with the 

stand removed to illustrate additional components of the assembly; 

[0015] Figure 3 is a front perspective of the assembly of figure 2 illustrated with 

one of the assemblies in the open position; 

[0016] Figure 4 is a front perspective view of the assembly of figure 2 illustrated 

with one of the assemblies removed; 

[0017] Figure 5 is a front perspective view of the assembly of figure 4, illustrated 

with exemplary flow paths for circulating gas and ambient air; 

[0018] Figure 6 is a top sectional view of an exemplary display assembly illustrated 

in isolation from other components to illustrate exemplary flow paths for circulating gas 

and ambient air; 

[0019] Figure 7 is a front perspective view of another exemplary embodiment of 

the assembly also indicating section lines A-A and B-B; 

[0020] Figure 8 is a front perspective view of the assembly of figure 7 illustrated 

with both display assemblies in the open position; 

[0021] Figure 9 is an exploded front perspective view of the assembly of figure 8; 

[0022] 

[0023] 

[0024] 

[0025] 

[0026] 

Figure 10 is a top sectional view taken along section line A-A of figure 7; 

Figure 11 is a side sectional view taken along section line B-B of figure 7; 

Figure 12A is a rear perspective view of another exemplary assembly; 

Figure 12B is a rear perspective view of another exemplary assembly; 

Figure 13 is a front perspective view of another exemplary assembly also 

indicating Detail A; 

[0027] Figure 14 is a front perspective view of the assembly of figure 13 illustrated 

with one of the display assemblies in the open position; 

4 

SEC et al. v. MRI 
SEC Exhibit 1022.5501 

IPR2023-00221



WO 2018/200260 PCT /US2018/027970 

[0028] Figure 15 is a rear perspective view of the assembly of figure 13 illustrated 

with both of the display assemblies in the open position also indicating Detail B; 

[0029] Figure 16 is a front perspective view of the assembly of figure 14 illustrated 

with one of the display assemblies removed; 

[0030] Figure 17 is a detailed top perspective view of Detail A of figure 13; 

[0031] Figure 18A is a detailed perspective view of Detail B of figure 15 with the 

display assembly in the closed position and illustrating an otherwise hidden strut; 

[0032] Figure 18B is a detailed top perspective view of the assembly of figure 18A 

illustrated with the display assembly in the open position; 

[0033] FIGURE 19A is a vertical cross-sectional view of another exemplary 

assembly; 

[0034] FIGURE 19B is a vertical cross-sectional view of another exemplary 

assembly; and 

[0035] Figure 20 is a horizontal cross-sectional view of the assembly of figure 19A. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENT($) 

[0036] Various embodiments of the present invention will now be described in detail 

with reference to the accompanying drawings. In the following description, specific details 

such as detailed configuration and components are merely provided to assist the overall 

understanding of these embodiments of the present invention. Therefore, it should be 

apparent to those skilled in the art that various changes and modifications of the 

embodiments described herein can be made without departing from the scope and spirit 

of the present invention. In addition, descriptions of well-known functions and 

constructions are omitted for clarity and conciseness. 

[0037] Figure 1 is a front perspective view of an exemplary assembly 10 in 

accordance with the present invention. The assembly 10 may comprise one or more side 

assemblies 14 placed within a housing 6. The housing 6 may comprise a stand 8 for 

mounting the assembly 10 to the ground. However, in other exemplary embodiments, the 

assembly 10 may be mounted to another object such as, but not limited to, a bus shelter, 

a post, a wall, a building, a roof rack for a vehicle, or the like. Regardless, an intake 16 

may be located on the top of the housing 6. As will be described in greater detail herein, 

an exhaust 9 may be located on the bottom of the housing 6. However, it is contemplated 

that the intake 16 may be located on the bottom of the housing 6 with the exhaust 9 being 

located on the top of the housing 6. Any other location for the intake 16 and the exhaust 

9 is contemplated. Regardless, the intake 16 may likewise extend through the frame 12. 
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Similarly, the exhaust 9 may extend through the frame 12. Alternatively, the air may flow 

into the exhaust 9 and out of the intake 16. 

[0038] Figure 2 is a front perspective of the assembly 1 0 of figure 1 illustrated with 

the stand 6 removed to illustrate additional components of the assembly 10. The side 

assemblies 14 may be mounted to a frame 12. The frame 12 may be substantially 

rectangular in shape and may have interior and exterior surfaces or panels. In exemplary 

embodiments, the frame 12 may comprise an interconnected upper, lower, right side, and 

a left side piece, but may be substantially open on the front or rear sides thereof such that 

a side assembly 14 may be mounted to the frame 14 to substantially cover said front and 

rear openings. The frame 12 may be configured to receive a first and second side 

assembly 14 in a back to back arrangement. The side assemblies 14 may comprise digital 

displays, covers {i.e., access panels), poster holders {illuminated or unilluminated), some 

combination thereof, or the like. The poster holders may be configured to receive a static 

poster and may be back or edge illuminated. In exemplary embodiments, the covers and 

the poster holders may serve as access panels, though any of the foregoing may be 

moved or removed to allow access to the interior of the assembly 10. For example, without 

limitation, the assembly 1 0 may comprise two electronic displays placed back-to-back, or 

a single electronic display placed back-to-back with a poster holder. Regardless, the 

frame 12 may be configured to be connected to the stand 8, another object, or directly to 

the ground. 

[0039] In embodiments comprising a single side assembly 14, the frame 12 may 

be a five-sided box. Namely, the frame 12 may comprise an interconnected upper, lower, 

right side, and a left side piece as well as a front or rear panel. However, the frame 12 

may be substantially open on the rear or front sides thereof, respectively, such that the 

side assembly 14 may be mounted to substantially cover said opening. 

[0040] As will be explained in greater detail herein, the assembly 10 may further 

comprise an electronics cavity 18 for storing electronic components 30 for operating the 

assembly 10. The electronics cavity 18 may be located in the space between the side 

assemblies 14 and the frame 12. Stated another way, the first and second side 

assemblies 14 may share a common electronics cavity 18. 

[0041] Figures 1 and 2 illustrate the side assemblies 14 in a closed position such 

that the side assemblies 14 are in contact with the frame 12 or are located substantially 

parallel to the ground. As will be explained in greater detail herein, the side assemblies 

14 may be hingedly mounted to the frame 12 by way of a hinging device 22. A first and 
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second hinging device 22 may be located on either side of the frame 12 so as to connect 

the first and second side assembly 14 to the frame 12 in a hinged fashion. The first and 

second hinging devices 22 may be the same or may be different. For example, without 

limitation, the hinging devices 22 used to hingedly mount a side assembly 14 comprising 

a digital display may be the same or may be different from the hinging device 22 used to 

mount a side assembly 14 comprising a poster holder. In exemplary embodiments, the 

hinging devices 22 may be located on an upper portion of the frame 12, such that the side 

assemblies 14 rotate outward along a substantially horizontal axis. In other exemplary 

embodiments, the hinging devices 22 may be located along an edge of the frame 12, such 

that the side assemblies 14 rotate outward along a substantially vertical axis. Any location 

of the hinging devices 22 is contemplated. 

[0042] Figure 3 is a front perspective view of the assembly 10 of figure 2 illustrated 

with one of the side assemblies 14 in an open position. The side assembly 14 may rotate 

via the hinging device 22 into the opened position such that the bottom of the side 

assembly 14 is swung outward and away from the frame 12. This may allow access to 

the electronics cavity 18 such that personnel may service the electronic components 30 

located therein. 

[0043] The assembly 10 may further comprise a pair of aid devices 20, preferably 

having a first end and a second end, though such is not required. In exemplary 

embodiments, the aid devices 20 may be gas springs, though any type of aid device is 

contemplated. Such aid devices 20 may include, but are not limited to, any device which 

utilizes a mechanical advantage in order to assist is moving the side assemblies 14 

between an open position or closed positions as well as, or alternatively, to temporarily 

secure the side assemblies 14 in the open position or closed position. Other exemplary 

aid devices 20 include, but are not limited to, struts, springs, block and tackle, 

counterweights, levers, gears, tethers, belts, chains, motors, screws, some combination 

thereof, or the like. 

[0044] The first end of the aid devices 20 may be mounted to either side of the side 

assembly 14 and the second end of the aid devices 20 may be mounted to either side of 

the interior of the frame 12. In exemplary embodiments, the first end of the aid devices 

20 is mounted lower relative to second end of the aid devices 20, though the opposite is 

contemplated. The aid devices 20 may be configured to assist with movement of the side 

assemblies 14 between the open and the closed positions as well as temporarily securing 

the side assemblies 14 in the opened or the closed positions. 
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[0045] In exemplary embodiments, the side assemblies 14 may be lockable to the 

frame 12 or the housing 6 such that the side assemblies 14 cannot normally be moved 

from the closed position unless unlocked. This may assist in restricting access to the 

electronics cavity 18 to authorized personnel. 

[0046] Figure 4 is a front perspective view of the assembly 10 of figure 2 illustrated 

with one of the side assemblies 14 removed so as to illustrate the electronics cavity 18. 

A gasket 28 may extend around the perimeter of either or both sides of the frame 12. The 

gaskets 28 may provide a substantially air tight seal when the side assemblies 14 are 

placed in the closed position. The gaskets 28 may ensure or assist in allowing the 

electronics cavity 18 to maintain a substantially air tight seal, though such is not required. 

[0047] A plate 19 may be located in the electronics cavity 18 and the electronic 

components 30 may be mounted thereto. Alternatively, or in addition, an electronics plate 

42 may be located in the electronics cavity 18. In exemplary embodiments, the electronics 

plate 42 may be mounted to the frame 12 such that the electronics plate 42 extends 

substantially parallel to the front surface of the electronic side assemblies 14. Similarly, 

in exemplary embodiments the plate 19 may be mounted to, or form, the rear surface of 

one or more of the side assemblies 14. However, any location and orientation of the plate 

19 and the electronics plate 42 is contemplated. 

[0048] The electronic components 30 may comprise any number of components 

used to operate the assembly 10 and its various components. Such electronic 

components 30 may include, but are not limited to, power sources, power distribution 

components, video players, video receiver boards, processors, electronic storage 

devices, communications equipment, wireless transmitter/receivers, network connectivity 

devices, printed circuit boards, and the like. In exemplary embodiments, a number of the 

electronic components 30 may be utilized to operate both side assemblies 14. For 

example, but not to serve as a limitation, at least the video players, video receiver boards, 

communications equipment, wireless transmitter/receivers, and network connectivity 

devices may be shared. This may reduce the number of electronic components 30 

required. In exemplary embodiments, the plate 19 or the electronics plate 42may 

comprise a server rack, though such is not required. 

[0049] Each hinging device 22 may comprise a frame hinge plate 26 and a first and 

second display hinge plate 24. The frame hinge plate 26 may be located on the exterior 

panels on either side of an upper portion of the frame 12 such that the frame hinge plate 

26 extends substantially perpendicular relative to the electronics plate 42. The display 
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hinge plates 24 may be located on either side of an upper portion of each of the side 

assemblies 14 such that the display hinge plates 26 extend substantially perpendicular 

relative to the electronics plate 42. The display hinge plate 24 may comprise one or more 

notches or apertures corresponding to notches or apertures located on the frame hinge 

plate 26. Any number of fasteners 27 may extend through the corresponding notches or 

apertures in the display hinge plate 24 and the frame hinge plate 26 such that the frame 

hinge plate 26 may be hingedly secured to the display hinge plate 24. The fasteners 27 

may include threaded fasteners, pins, bolts, screws, nails, or the like. This is merely 

exemplary, any type of hinge device 22 is contemplated. In exemplary embodiments, the 

frame hinge plates 26, the display hinge plates 24 and the fasteners 27 may be configured 

to serve as the main or sole mechanical attachment points for mounting the side 

assemblies 14 to the frame 12. 

[0050] The hinge device 22 may provide for easy removal of one or both of the side 

assemblies 14 when servicing the assembly 10. The fasteners 27 may simply be removed 

from either side of the side assembly 14 and the entire side assembly 14 may be removed. 

Additionally, removal may require relatively minor additional steps such as, but not limited 

to, the disconnection of various electrical wires and other components as further 

described herein. A replacement side assembly 14 may then be installed. Installation 

may comprise, but is not limited to, moving the Additionally, installation of the new side 

assembly 14 may require relatively minor additional steps such as, but not limited to, the 

connection of the aforementioned various electrical wires and other components as 

further described herein. The side assembly 14 being serviced may then be returned to 

a service center for servicing. This may minimize downtime of the assembly 10. 

[0051] Additionally, the assembly 10 may require connection to an external power 

source, communications network, and the like to operate. This may require connecting 

into utility lines. In exemplary embodiments, connection to said utility lines may be made 

through separate connectors 72 located on the frame 12, within the cavity 18, on the plate 

19, on the electronics plate 42, or at another location. These connectors 72 may be 

connected to the other various electronic components 30 via electrical wiring, ethernet 

cable, telephone cable, axial cable, fiber optic cable, or the like. The disconnection and 

reconnection of such wiring from the connectors 72 may be required when removing or 

installing a side assembly 14. In this way, the connection into the utility lines may not be 

disturbed when servicing the assembly 10. In exemplary embodiments, the connectors 

72 may also act as pass through devices 35. 
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[0052] Figure 5 illustrates exemplary flow paths through the assembly 10 of figure 

4. Figure 6 illustrates a top sectional view of an exemplary side assembly 14 to further 

illustrate said exemplary flow paths. Each side assembly 14 may comprise a cover panel 

17 that faces an intended viewer. An electronic display 11 may be located behind, spaced 

apart from, and substantially parallel to the cover panel 17. Cover panel 17 may be 

comprised of any substantially transparent or translucent material and may be comprised 

of multiple layers. The cover panel 17 may be comprised of a toughened material or may 

comprise optical adhesive placed between the multiple layers such that the cover panel 

17 is strengthened against vandalism. The electronic display 11 may be any type of 

electronic display 11, including but not limited to, a liquid crystal display {LCD), light 

emitting diode {LED) display, organic LED {OLEO) display, plasma display, or the like. 

The space between the rear surface of the cover panel 17 and the front surface of the 

electronic display 11 may define a first channel 25. A side assembly housing 15 may 

surround the electronic display 11 such that the combination of the cover panel 17 and 

the side assembly housing 15 substantially encloses the electronic display 11. One or 

more of the side assemblies 14 may further configured to receive touch input. For 

example, without limitation, the electronic display 11 may comprise a capacitive or 

resistive touch screen and related components required to operate said touch screen, 

though any type of touch screen is contemplated. 

[0053] A backlight 21 may be located behind and substantially parallel to the 

electronic display 11. The backlight 21 may be spaced apart from the electronic display 

11, though such is not required. A second channel 23 may be located within the side 

assembly 14 and may be configured to receive ambient air 38. The second channel 23 

may permit ambient air 38 to flow substantially vertically through the side assembly 14 

from top to bottom, or from the bottom to the top. In exemplary embodiments, the second 

channel 23 is defined, at least in part, by the space between the rear surface of the 

backlight 21 and the rear surface of the side assembly housing 15, though any location is 

cont em plated. 

[0054] A first and a second side channel 32 may extend along either side of the 

side assembly 14. The side channels 32 may be configured to receive circulating gas 36. 

In exemplary embodiments, the side channels 32 are defined, at least in part, by the space 

between the second channel 23 and the side of the side assembly housing 15, though 

any location is contemplated. 
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[0055] One or both sides of the frame 12 may comprise a side gap 13 located 

between interior and exterior side panels. As such, the assembly 10 may comprise a first 

and a second side gap 13, where each is located on either side of the frame 12. In other 

exemplary embodiments, the assembly 10 may comprise only a first side gap 13. 

Apertures may be located along the interior panels of the side(s) of the frame 12 having 

the side gap(s) 13 such that circulating gas 36 may be passed from the electronics cavity 

12 into and out of the side gap(s) 13. In exemplary embodiments, the circulating gas 36 

may flow from the first side gap 13, though the first side channel 32, though the first 

channel 25, through the second side channel 32, through the second side gap 13, though 

the electronics cavity 18, and be returned to the first side gap 13, thereby forming a closed 

loop. In exemplary embodiments where the assembly 10 comprises only the first side 

gap 13, the circulating gas 36 may pass directly from the electronics cavity 18 into or out 

of the first or the second side channel 32. Additionally, the circulating gas 36 may be split 

and travel through first channel 25 located in each respective side assembly 14. Stated 

another way, the closed loop may pass through each side assembly 14 and return to the 

cavity 18. It is notable that the side gaps 13 are optional. 

[0056] One or more fans 34 may be mounted to said apertures in the interior panels 

of the side of the frame 12 to force the circulating gas 36 though the closed loop, though 

it is contemplated that any number of fans 34 may be placed at any number of locations 

along the path of the circulating gas 36. 

[0057] The bottom and top of the frame 12 may similarly comprise interior and 

exterior panels with an upper gap 41 and a lower gap 40 located therebetween, though 

such is not required. Apertures may be located along the exterior panels of the bottom 

and top of the frame 12 such that ambient air 38 may be ingested from outside of the 

assembly 10 and exhausted from inside of the assembly 10. These apertures may form 

the exhaust 9 and the intake 16. In exemplary embodiments, ambient air 38 may be 

ingested from the bottom of the assembly 10 into the lower gap 40. The ambient air 38 

may then travel vertically upwards through the second channel 23 in the side assembly 

14 and into the upper gap 41. The ambient air 38 may then be exhausted through the 

intake 16, thus forming an open loop. In the exemplary embodiments, the ambient air 38 

may be split and travel through each of the second channels 23 located in each of the 

respective side assemblies 14. 

[0058] One or more fans 34 may be mounted to said apertures in the exterior 

panels of the bottom of the frame 12 to force the ambient air 38 though the open loop, 
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though it is contemplated that any number of fans 34 may be located in any number of 

locations along the path of the ambient air 38. 

[0059] In exemplary embodiments where the side assembly 14 is an electronic 

display, the ambient air 38 flowing through the second channel 23 may be in thermal 

communication with the backlight 21 so as to absorb heat generated therefrom, though 

such is not required. In exemplary embodiments where the side assembly 14 is an 

illuminated poster holder, the ambient air 38 flowing through the second channel 23 may 

be in thermal communication with the illumination devices so as to absorb heat generated 

therefrom, though such is not required. In still other exemplary embodiments where the 

side assembly 14 is a cover, the ambient air 38 may optionally flow through a second 

channel 23 located in the cover, though such is not required. Regardless, the ambient air 

38 flowing through the second channel 23 may be in thermal communication with 

circulating gas 36 flowing through the closed loop such that the relatively cool ambient air 

38 may remove heat from the relatively warm circulating gas 36. The ambient air 38 

flowing through the open loop may be in thermal communication with the circulating gas 

32 flowing through the closed loop so as to absorb heat therefrom while not allowing the 

ambient air 38 and the circulating gas 32 to substantially mix. For example, without 

limitation, the ambient air 28 traveling through the second channel 23 may be in thermal 

communication with the circulating gas 38 flowing through the cavity 18. 

[0060] It is notable that the use of airflow channels, such as but not limited to, the 

first channel 25, the second channel 23, and the side channels 32 may not be required in 

embodiments where the side assembly 14 is a poster holder or cover. In such 

embodiments, the airflow may be directed into the remaining side assembly 14 comprising 

such airflow channels. If no such side assembly 14 is utilized, the airflow may simply 

circulate within the cavity 18. In some exemplary embodiments, the poster holder or cover 

may still utilize some or all of aforementioned the airflow channels. Regardless, the 

number of fans utilized may be reduced or increased to accommodate the number of 

airflow channels used. 

[0061] Figure 7 is a front perspective view similar to figure 1 of another exemplary 

embodiment of the assembly 10 also indicating section lines A-A and B-8. 

[0062] Figure 8 is a front perspective view of the assembly 10 of figure 7 illustrated 

with both side assemblies 14 in the open position. The plate 19 may be mounted to one 

of the side assemblies 14. In other exemplary embodiments, the plate 19 may form a part 
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of the side assembly 14. Many or all of the electronic components 30 may still be shared 

by the side assemblies 14. 

[0063] The shared electronic components 30 may be located on the plate, though 

such is not required. In exemplary embodiments, the side assemblies 14 of the same 

type ( e.g., electronic displays, poster holders, or covers), including the electronic 

components 30 located on or in the side assemblies 14, are substantially identical for the 

front or rear facing side assembly 14 of the same type ( e.g., when both side assemblies 

14 comprise electronic displays or both side assemblies 14 comprise poster holders) such 

that the two may be interchanged. In this way, a single type of side assembly 14 to be 

used to replace any of that type side assembly 14 or may be freely substituted with a 

different type side assembly 14. For example, without limitation, a separate front and 

back side assembly 14 need not be stored as spares for a single assembly 10. Instead, 

a single spare side assembly 14 may be used to replace either the front or back side 

assembly 14. This may reduce the need to store additional spare side assemblies 14. 

Stated another way, a side assembly 14 comprising an electronic display may be placed 

on either the front or the rear of the assembly. Likewise, a side assembly 14 comprising 

an electronic display may be freely substituted with a side assembly 14 comprising a 

cover. 

[0064] Figure 9 is a front perspective exploded view of the assembly of figure 8. 

An electronics plate 42 may be mounted to the frame 12, though such is not required. 

The electronics plate 42 may be located in an upper portion of the electronics cavity 18, 

though any location is contemplated. The electronics plate 42 may be mounted so as to 

extend substantially parallel with the front surface of the side assemblies 14 when the 

side assemblies 14 are in the closed position. The electronics plate 42 may be configured 

to receive the electronics components 30 and additional electronic components 44, which 

may be mounted thereto. In exemplary embodiments, the additional electronic 

components 44 may comprise customer-specific or customer-installed electronic 

components or other components for operating the assembly 10. However, any type of 

electronic components 44 and 30 are contemplated, such as but not limited to, computers, 

processors, routers, servers, machine to machine communications equipment, wireless 

connectivity devices, Bluetooth connectivity devices, near field communication devices, 

cameras, electronic storage devices, memory, and the like. In exemplary embodiments, 

the electronics plate 42 may comprise a server rack, such as but not limited to, a 1 U 

server rack. 
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[0065] By placing the side assemblies 14 in the opened position, the electronics 

cavity 18, the plate 19, the electronics plate 42, the related electronic components 30 and 

additional electronic components 44 may be serviced. Additionally, the side assemblies 

14 themselves may be serviced by removing the display assemblies from the hinging 

device 22 as previously discussed. 

[0066] Various pass through devices 35 may be located in the fame 12 or other 

walls defining the cavity 18 such that power lines, communication lines, and the like may 

be passed into the cavity 18 from outside. These pass through devices 35 may be 

configured to provide a substantially air and water tight seal, though such is not required. 

In other embodiments, the pass through devices 35 may provide a level of ingress and 

egress protection. Any number and location of said pass through devices 35 are 

contemplated. This may help to reduce the number of entry and exit points in the 

assembly 10 and simplify the cabling. The pass through devices 35 may provide a 

connection/disconnection point for wiring and cabling. The cavity 18 may provide a 

substantially sealed, cooled, connected, and/or powered electronics cavity 18 for 

mounting electronic components, such as but not limited to, the additional electronic 

components 44 and the electronic components 30. 

[0067] Figure 9 illustrates an exemplary assembly 10 where the fans 34 for the 

ambient air 38 may be located on the top of the frame 12 in the apertures of the upper 

gap 41. 

[0068] Figure 10 is a top sectional view taken along section line A-A of figure 7 

and illustrating exemplary side assemblies 14 in the closed position, where the side 

assemblies 14 comprise electronic displays. The second channel 23 may comprise a 

corrugation layer 46 located between the backlight 21 and the electronics cavity 18. The 

ambient air 38 may pass through the corrugation layer 46. As illustrated in figure 10, the 

assembly 10 may only comprise the first side gap 13. It is contemplated that the first side 

gap 13 may be located on either side of the assembly 10 or may not be required at all. It 

is further contemplated that a corrugation layer 46 may be utilized in side assemblies 14 

comprising a poster holder or cover. 

[0069] Figure 11 is a side sectional view taken along section line B-B of figure 7. 

As illustrated in figure 11, the lower gap 40 is optional. Instead, ambient air 38 may enter 

via the intake 41 and be ingested directly into the side assemblies 14 where it may travel 

through the second channel 23 to the upper gap 41 and exit via the exhaust 9. 

Alternatively, the air may enter via the exhaust 9 and exit via the intake 41. 
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[0070] Figure 12A and figure 12B is a rear perspective view of another exemplary 

assembly 10. Figures 12A-12B illustrates how the side assemblies 14 may be rotated 

outward along a substantially horizontal axis or a substantially vertical axis. The side 

assemblies 14 may act as an access panel. In exemplary embodiments where the side 

assemblies 14 are covers, the side assembly 14 may be comprised of sheet metal or 

black glass, though any type of material is contemplated. In exemplary embodiments 

comprising black glass, the black glass may be comprised of one or more transparent or 

translucent panels wherein one or more of the panels are printed with black ink. In 

exemplary embodiments, the panels may alternatively or additionally be printed with a 

logo or other information. The panels may be comprised of a toughened material or may 

comprise optical adhesive placed between two panels such that the cover is strengthened 

against vandalism. 

[0071] In other exemplary embodiments, where the side assembly 14 comprises a 

poster holder configured to hold a static poster, the side assembly 14 may comprise a 

transparent cover located above a plate to define a poster cavity, which may be configured 

hold the poster therebetween. Illumination devices may be placed within, around, or along 

the poster cavity to provide backlighting or edge lighting to illuminate the poster. 

[0072] In exemplary embodiments, the side assemblies 14 may swing open 

horizontally (as shown in figure 12A) or vertically (as shown in figure 12B). In exemplary 

embodiments where the side assembly 14 swings open vertically, aid devices 20 may 

likewise be used to assist in moving the side assembly 14 between the open and closed 

positions as well as securing the side assembly 14 in the open and closed positions. 

[0073] Although the flow of the ambient air 38 and the circulating gas 36 may be 

shown and described herein with respect to particular directions and orientations, it is 

contemplated that the ambient air 38 and the circulating gas 36 may flow in other 

directions. For example, without limitation, ambient air 38 and circulating gas 36 shown 

as flowing clockwise may flow counter-clockwise, when shown flowing vertically from top 

to bottom may flow from bottom to top, when shown flowing horizontally from right to left 

may flow from left to right, when shown flowing vertically may flow horizontally, when 

shown flowing horizontally may flow vertically, and the like. 

[0074] It is contemplated that the assembly 10, or various components thereof, may 

be adapted for and/or used with any size side assemblies 14 in any application. For 

example, but not to serve as a limitation, the assembly 10, or various components thereof, 

may be adapted for and/or used with a vehicle topper unit such as is illustrated and 
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described in U.S. Patent Application Serial No.: 15/450,365 filed March 6, 2017, the 

disclosures of which are hereby incorporated by reference in their entirety. 

[0075] Figure 13 is a front perspective view of another exemplary assembly 100 

also indicating Detail A. Figure 13 through figure 18B illustrate and describe an adaptation 

of the assembly 10 for use with a vehicle topper unit as previously mentioned. Similar 

features have been similarly numbered but increased by 100 (e.g., assembly 10 and 

assembly 1 00). The assembly 100 may comprise a frame 112 which may be rectangular 

in shape, though any shape is contemplated. The frame 112 may be covered by cladding 

that forms a housing. The cladding may provide an aesthetically pleasing appearance 

and may improve aerodynamics. The frame 112 may be adapted to be mounted to the 

roof of a vehicle, though such is not required. A first and second side assembly 114 may 

be attached to the frame 112, though any number of side assemblies 114 are 

contemplated. In exemplary embodiments, the first and second side assemblies 114 are 

placed back-to-back on either side of the frame 112. The assembly 100 may further 

comprise a pair of mounting devices 150. In exemplary embodiments, the mounting 

devices 150 may be located on the underside of the frame 112 and may be feet configured 

to permit the assembly 1 00 to be mounted to the roof of a vehicle, though any type of 

mounting device 150 is contemplated. 

[0076] A fan 134 may be located on an aperture in the frame 112 and may be 

configured to permit the ingestion of ambient air 138. Once ingested, the ambient air 138 

may travel horizontally through channels in the side assemblies 114 and exit through 

apertures on the other end of the frame 112. This may form an open loop. It is 

contemplated that the fan 134 may be located at any location along the path of the 

ambient air 138. 

[0077] Figure 14 is a front perspective view of the assembly 100 of figure 13 

illustrated with one of the side assemblies 114 in the open position. The side assemblies 

114 may be hingedly mounted to the frame 112 by way of a hinging device 122. The 

hinging device 122 may permit the side assemblies 114 to be moved between a closed 

position, wherein the respective side assembly 114 rests against or is located in close 

proximity with the frame 112 and/or where the front surface of the respective side 

assembly 114 is substantially perpendicular to the ground, and an open position wherein 

the respective side assembly 114 is rotated outwardly from the frame 112 and/or at least 

one edge of the side assembly 114 is moved away from the frame 11 2. A gasket 128 

may extend around the perimeter of the surfaces of the frame 112 which contact the side 
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assemblies 114. The gaskets 128 may be configured to provide a substantially air tight 

seal in the electronics cavity 118 when the side assemblies 114 are located in the closed 

position. 

[0078] An electronics cavity 118 may be located between the rear surfaces of the 

side assemblies 114. The electronics cavity 118 may comprise a plate 142 that is 

configured to receive a number of electronic components 1 30 or additional electronic 

components 144 which may be mounted thereto. In exemplary embodiments, the plate 

142 may be mounted to the frame 112. In other exemplary embodiments, the plate 142 

may be mounted to, or form a part of, one of the side assemblies 114. Various pass 

through devices 135 may be located in the walls defining the cavity 118 such that power 

lines, communication lines, and the like may be passed into the cavity 118 from outside. 

The pass through devices 135 may be configured to provide a substantially air and water 

tight seal or otherwise provide ingress and egress protection. This may help to reduce 

the number of pass through points in the assembly 100 and simplify the cabling. 

Additionally, the pass through devices 135 may provide a single or limited number of 

connection or disconnection points for removing the wiring for servicing the side 

assemblies 114. In exemplary embodiments, the electronics cavity 118 may provide a 

cooled, powered, connected, and/or sealed area for electronic components, such as but 

not limited to, the electronic components 130 and the additional electronic components 

144. 

[0079] When either or both the of side assemblies 114 are placed in the open 

position, the electronics cavity 118 may be exposed. This may allow access to the 

electronics cavity 118, the plate 142, and the electronic components 130 such that 

personnel may service the electronic components 130 located therein. In exemplary 

embodiments, the side assemblies 114 may be selectively locked to the frame 112 such 

that the respective side assembly 114 cannot normally be moved from the closed position 

unless unlocked. This may assist in restricting access to the electronics cavity 118 to 

authorized personnel. 

[0080] The frame 112 may comprise interior and exterior surfaces. In exemplary 

embodiments, a lower gap 140 may be located in the space between the interior and 

exterior surfaces of the frame 112 along a lower portion thereof. Stated another way, the 

lower gap 140 may be located between the bottom of the electronics cavity 118 and the 

bottom of the frame 11 2. 
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[0081] Figure 15 is a rear perspective view of the assembly 100 of figure 13 is 

illustrated with both of the side assemblies 114 in the open position and also indicating 

Detail B. A first and second strut 152 may extend between the frame 112 and each of the 

respective side assemblies 114. In other exemplary embodiments, a pair of struts 152 

may be used for each respective side assembly 114. The strut 152 may be configured to 

temporarily secure the respective side assembly 114 in the opened position, although it 

is contemplated that the strut 152 may be configured to also temporarily secure the 

respective side assembly 114 in the closed position. Alternatively, any of the aid devices 

20 may be utilized in conjunction with or in substitution of the struts 152. 

[0082] In exemplary embodiments, the struts 152 may be mounted to each of the 

respective side assemblies 114 in a rotatable fashion. The struts 152 may be mounted in 

a rotatable fashion by way of a pin, bearing, hinge, fastener, or the like, though any device 

or mounting configuration is contemplated. Regardless, the struts 152 may be configured 

to be temporarily secured to each of the respective side assemblies 114 such that the 

respective side assembly 114 is propped or otherwise held in the open position. While 

the struts 152 are discussed as being mounted to each of the respective side assemblies 

114 and temporarily secured to the frame 112, it is contemplated that the struts 152 may 

instead be mounted to frame 112 and temporarily secured to each of the respective side 

assemblies 114. 

[0083] Figure 16 is a front perspective view of the assembly 100 of figure 14 

illustrated with one of the side assemblies 114 removed. Circulating gas 136 may travel 

vertically through the electronics cavity 118 where it is separated and passes through 

each respective side assembly 114. In exemplary embodiments, the circulating gas 136 

flows through a channel between a cover glass an electronic display in each of the 

respective side assemblies 114. The circulating gas 136 may then travel through the 

lower gap 140 and be returned to the electronics cavity 118 via apertures in the interior 

surfaces of the frame 112, thereby forming a closed loop. In exemplary embodiments, 

these apertures in the frame 112 may have fans 134 mounted thereto to move the 

circulating gas 136 through the closed loop, though it is contemplated that the fans 134 

may be located anywhere along the path of the circulating gas 136. 

[0084] U.S. Patent Application Serial No.: 15/450,365 filed March 6, 2017, the 

disclosures of which are hereby incorporated by reference in their entirety, describes an 

exemplary thermal management system for the assembly 100 including, but not limited 

to, open and closed loop pathways for ambient air and circulating gas. 
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[0085] It is contemplated that either or both of the side assemblies 114 may 

comprise an electronics display, a poster holder, or a cover. It is further contemplated 

that some or all of the electronic components 130 used to operate the side assemblies 

114 may be located on the plate 142. It is also contemplated that the side assemblies 

114 of the same type ( e.g., comprising an electronic display, poster holder, or cover) may 

be substantially identical, such that the side assemblies 114 located on the left or right 

side of the assembly 100 may be freely substituted. 

[0086] Figure 17 is a detailed top perspective view of Detail A of figure 13. The 

hinging device 122 may comprise a first and second display hinge plate 156, a first frame 

hinge plate 154, and a second frame hinge plate 158. Each of the first and second display 

hinge plates 156 may be substantially "L" shaped and may be configured to extend 

between a rear surface of the respective side assemblies 114 and the first frame hinge 

plate 154. The first frame hinge plate 154 may be mounted to either end of the frame 

112. Optionally, a second frame hinge plate 158 may be located on the other side of the 

first and second display hinge plates 156 such that the first and second display hinge 

plates 156 are sandwiched between the first frame hinge plate 154 and the second frame 

hinge plate 158. It is contemplated that the second display hinge plate 156 may not be 

required, but may be used to provide added strength and stability. Additionally, the 

second hinge plate 158 may be configured to extend behind a portion of the side 

assemblies 114 so as to serve as a backstop. 

[0087] A first fastener 127 may extend through the first frame hinge plate 154, the 

first display hinge plate 156, and the second frame hinge plate 158. Likewise, a second 

fastener 127 may extend through the first frame hinge plate 154, the second display hinge 

plate 156, and the second frame hinge plate 158. The fastener 127 may be a pin or 

another device permitting rotational movement of the first and second display hinge plates 

156. In exemplary embodiments, the second frame hinge plate 158 may be selectively 

secured to the respective side assembly 114 such that the respective side assembly 114 

may be temporarily secured in the closed position. The frame hinge plate 156, the 

display hinge plate 154, and the fasteners 127 may be configured to bear all or 

substantially all of the weight of the respective side assembly 114. 

[0088] The design of the hinge device 122 may provide for easy removal of one or 

both of the side assemblies 114 when servicing the assembly 100. The fasteners 127 

may be removed from either side of the respectively side assembly 114 and the entire 

side assembly 114 may be removed. Additionally, the disconnection of wiring, along with 
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other steps, may be required. A replacement side assembly 114 may then be installed. 

Additionally, the connection of wiring, along with other steps, may be required. The side 

assembly 114 being serviced may then be returned to a service center for servicing. This 

may minimize downtime of the assembly 100. 

[0089] Figure 18A is a detailed perspective view of Detail B of figure 15 also 

illustrating the otherwise hidden strut 152. Figure 18B is a top perspective view of the 

assembly 100 of figure 18A illustrated with the side assembly 114 in the open position. 

As can be seen, the strut 152 may be moved between a supporting and a stored position. 

The strut 152 may rotated into the stored position such that the strut 152 is substantially 

aligned with the side assembly 114 when the side assembly 114 in the closed position. 

In this way, the strut 152 is no longer bearing the weight of the side assembly 114 and 

may be stored within the respective side assembly 114 when the strut 152 is not being 

used to keep the side assembly 114 in the open position. The strut 152 may be rotated 

into the supporting position where the strut 152 is secured at an angle to the frame 112 

such that the side assembly 114 may be propped or otherwise held in the open position. 

In exemplary embodiments, the strut 152 may comprise a notch 153 configured to be 

temporarily secured to a corresponding bracket or groove located on the frame 112 such 

that the strut 152 bears some or all of the weight of the side assembly 114 so as to prop 

or hold the respective side assembly 114 in the open position. 

[0090] Figure 19A through figure 20 illustrates another exemplary embodiment of 

the assembly 210. Similar features have been similarly numbered but increased by 100 

(e.g., assembly 10 and 110 now assembly 210). The assembly 210 may comprise a 

second open loop channel 262 for ambient air. The second open loop channel 262 may 

be located in one or more of the side assemblies 214. In exemplary embodiments, the 

second open loop channel 262 is located in the side assembly or assemblies 214 

comprising a cover or a poster holder, though it is contemplated that the second open 

loop channel 262 may be located in any side assembly 214, including those comprising 

digital displays. The second open loop channel 262 may be located behind an open loop 

channel cover 264. An open loop channel plate 266 may be located behind said open 

loop channel cover 264. In exemplary embodiments, the open loop channel plate 266 is 

spaced apart from, and located substantially parallel to, the open loop channel cover 264. 

The open loop channel cover 264 may have substantially the same surface area as the 

open loop channel plate 266, though such is not required. In exemplary embodiments, 

the open loop channel cover 264 may be the outermost surface of the respective side of 

20 

SEC et al. v. MRI 
SEC Exhibit 1022.5517 

IPR2023-00221



WO 2018/200260 PCT /US2018/027970 

the assembly 210 and/or of the respective side assembly 214 such as is illustrated in 

figure 198. However, in other exemplary embodiments, an outer cover 268 may be 

located above the open loop channel cover 264, such as is illustrated in figure 19A. In 

such embodiments, the outer cover 268 may be positioned substantially parallel with, 

spaced apart from, and cover the entirety of the open loop channel cover 264, though 

such is not required. 

[0091] Regardless, the second open loop channel 262 may be defined by the 

space between the open loop channel cover 264 and the open loop channel plate 266. 

The second open loop channel 262 may further comprise one or more side panels 270 

configured to extend between the open loop channel cover 264 and the open loop channel 

plate 266 to further define the second open loop channel 262. 

[0092] Any number of electronic components or equipment 244 or 230 may be 

located in or near the second open loop channel 262, such as but not limited to, being 

mounted to the open loop channel cover 264 or the open loop channel plate 266. Such 

electronic components or equipment 244 or 230 may include a power supply or module, 

though any electronic component or equipment is contemplated. The second open loop 

channel 262 may be configured to transfer heat from the side assemblies 214, the 

electronic components or equipment 244 or 230, other components of the assembly 210 

to the ambient air passing through the second open loop channel 262. The second open 

loop channel 262 may comprise surface features, materials, or components configured to 

facilitate the transfer of heat, though such is not required. These may include, without 

limitation, fins, thermally conductive materials, heat exchangers, or the like. In exemplary 

embodiments, the open loop channel 262 may comprise a corrugated layer 246. It is 

contemplated that any number of fans 234 may be placed at any location near or along 

the second open loop channel 262 to force or encourage the flow of ambient air through 

the second open loop channel 262. 

[0093] In exemplary embodiments, the ambient air 238 may enter the assembly 

210 at or near the top of the assembly 210 or the respective side assembly 214. Similarly, 

in exemplary embodiments, the ambient air 238 may be exhausted at or near the bottom 

of the assembly 210 or the respective side assembly 214 such that the ambient air 238 

flows vertically downwards through the second open loop channel 262. In other 

exemplary embodiments, the ambient air 238 may enter the assembly 210 or the 

respective side assembly 214 at or near the bottom of the assembly 210 or the respective 

side assembly 214 and ambient air 238 may exhaust the assembly 210 at or near the top 
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of the assembly 210 or the respective side assembly 214 such that ambient air flows 

vertically upwards through the second open loop channel 262. The second open loop 

channel 262 may share the intake 241 and the exhaust 209 such that ambient air enters 

via the common intake 241 and is separated into flow paths which travel into the two side 

assemblies 214. In other exemplary embodiments, the second open loop channel 262 

may have a separate intake and exhaust. 

[0094] The oppositely facing side assembly 214 may comprise an electronic 

display 211 located in front of a backlight 221. Circulating gas 236 may pass through the 

first channel 225 defined by the space between the electronic display 211 and a cover 

panel 217. The circulating gas 236 may pass into a cavity 218 located between the side 

assemblies 214. The cavity 218 may contain one or more fans 234 for moving the 

circulating gas through the closed loop pathway. The cavity 218 may also comprise 

electronic components 230 or 244 and an electronics plate 242 for mounting the same. 

The cavity 218 may comprise one or more heat transfer devices 282, though such is not 

required. In such embodiments, ambient air 238 may also be passed through the heat 

transfer device 282, though such is not required. 

[0095] The side assembly 214 embodiment illustrated and described in figure 19A 

through figure 20 may be the same as, or contain the features illustrated or described with 

respect to, other side assemblies 14 and 114 embodiments illustrated or described herein, 

though such is not required. Any of the illustrated or described embodiments, or features 

thereof, may be utilized with any of the other embodiments illustrated or described herein. 

[0096] In exemplary embodiments, the assembly 210 may be mounted in an 

elevated position at a downward angle. In exemplary embodiments, the assembly 210 

may be mounted to a sign, pole, street lamp, street fixture, sidewalk fixture, building, 

structure, ground, or the like, though mounting to any surface is contemplated. The 

assembly 210 may be positioned at a downward angle, such that the side assembly 214 

facing the ground may be viewed by those traveling underneath. The downward angle 

may be substantially 50 degrees, though any angle is contemplated. 

[0097] In such embodiments, the second open loop channel 262 may be placed on 

the side assembly 214 which would normally receive the greatest solar load. For example, 

without limitation, the second open loop channel 262 may be placed on the side assembly 

214 which would normally face upwards when mounted, though it is contemplated that 

the second open loop channel 262 may be located in either or both of the side assemblies 

214. Such an embodiment may be used in conjunction with, but is not limited to, the 
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exemplary assemblies 210 mounted in an elevated position at a downward angle, 

because the solar loading may primarily be experienced on the upward facing side 

assembly 214. In this way, the second open loop channel 262 may be configured to 

remove some or all of the solar loading experienced on the upward facing side assembly 

214. In such embodiments, the upward facing side assembly 214 may comprise the 

second open loop channel 262 and a cover and the downward facing side assembly 214 

may comprise an electronic display or static backlit poster, though any combination of 

side assemblies 214 is contemplated. 

[0098] Any embodiment of the present invention may include any of the optional or 

preferred features of the other embodiments of the present invention. The exemplary 

embodiments herein disclosed are not intended to be exhaustive or to unnecessarily limit 

the scope of the invention. The exemplary embodiments were chosen and described in 

order to explain the principles of the present invention so that others skilled in the art may 

practice the invention. Having shown and described exemplary embodiments of the 

present invention, those skilled in the art will realize that many variations and 

modifications may be made to the described invention. Many of those variations and 

modifications 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. 

23 

SEC et al. v. MRI 
SEC Exhibit 1022.5520 

IPR2023-00221



WO 2018/200260 

CLAIMS 

WHAT IS CLAIMED IS: 

PCT /US2018/027970 

1. A field serviceable assembly for displaying images comprising: 

a frame; 

a first and second side assembly, each having a rear surface and hingedly 

mounted to the frame in a back to back arrangement, wherein at least one 

of the side assemblies comprises: 

a cover panel, 

an electronic display located behind the cover panel, 

a backlight located behind the electronics display, 

a first channel configured to receive circulating gas, and 

a second channel configured to receive ambient air; 

a cavity located in the space between the rear surfaces of the first and second side 

assemblies and the frame; 

an electronics plate positioned within the cavity and configured to receive a 

plurality of electronic components; 

a closed loop pathway comprising said cavity and said first channel; and 

an open loop pathway comprising said second channel. 

2. The field serviceable assembly of claim 1 further comprising: 

a first and second frame hinge plate located on the frame; and 

a first and second display hinge plate located on each of the first and second 

side assemblies; 

wherein the first and second frame hinge plates are configured to interact with the 

first and second display hinge plates so as to permit the first and second 

side assemblies to rotate outward. 

3. The field serviceable assembly of claim 2 further comprising: 

a plurality of fasteners; and 

a plurality of apertures or notches located in the first and second frame hinge plates 

and the first and second display hinge plates, wherein the apertures or 

notches are so located such that a single fastener may be extended through 

the first or second frame hinge plate and into the first or second display 

hinge plate so as to mount the respective side assembly to the frame. 

4. The field serviceable assembly of claim 3 wherein: 

the plurality of fasteners are pins; and 
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the pins are configured to bear substantially the entire weight of the display 

assembly for which the pins are used. 

5. The field serviceable assembly of claim 1 wherein: 

the first channel is located between the cover panel and the electronic display. 

6. The field serviceable assembly of claim 5 wherein: 

the second channel is located behind the backlight. 

7. The field serviceable assembly of claim 1 wherein: 

the frame is configured to be mounted to the ground. 

8. The field serviceable assembly of claim 1 wherein: 

the frame is configured to be mounted to the roof of vehicle. 

9. The field serviceable assembly of claim 1 further comprising: 

a connector configured to be placed in electrical connection with an external power 

source and a communications network. 

10. The field serviceable assembly of any of claims 1-9 wherein: 

each of the first and second side assemblies comprises: 

a cover panel, 

an electronic display located behind the cover panel, 

a backlight located behind the electronics display, 

a first channel configured to receive circulating gas, and 

a second channel configured to receive ambient air. 

11. The field serviceable assembly of claim 1 wherein: 

at least one of the side assemblies is configured to accommodate a static poster. 

12. The field serviceable assembly of claim 1 wherein: 

at least one of the side assemblies comprises a cover comprised of sheet metal or 

black glass. 

13. The field serviceable assembly of claim 1 wherein: 

the first and second side assemblies are configured to be rotated between an open 

position and a closed position by way of a first and second aid device 

configured to assist in moving the first and second side assemblies, 

respectively, between the open and the closed positions; and 

the cavity is configured to remain substantially air tight while the first and second 

side assemblies are located in the closed position. 

14. The field serviceable assembly of claim 1 wherein: 

said electronics plate comprises a server rack. 
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15. The field serviceable assembly of claim 1 further comprising: 

one or more pass through devices located on the frame and configured to permit 

cabling to pass into the cavity. 

16. A field serviceable assembly for displaying images comprising: 

a frame which is substantially rectangular in shape and comprises a first and 

second frame hinge plate; 

a first and second side assembly mounted to the frame in a back to back 

arrangement, wherein each of the first and second side assemblies 

comprises: 

an electronic display, 

a backlight located behind the electronic display, 

a first channel configured to receive circulating gas, 

a first and second display hinge plate, and 

a second channel configured to receive ambient air, 

a cavity located in the space between the first and second side assemblies and 

the frame, wherein said cavity is configured to receive the circulating gas; 

an electronics plate positioned within the cavity between, spaced apart from, and 

substantially parallel to the rear surfaces of the side assemblies, wherein 

said electronics plate is configured to receive a plurality of electronic 

components; 

wherein said first and second frame hinge plates are hingedly mounted to said first 

and second display hinge plates such that the first and second electronic 

side assemblies are capable of being rotated outwardly; 

wherein the electronics plate is configured to remain fixed when the first and 

second side assemblies are rotated. 

17. The field serviceable assembly of claim 16 wherein: 

said electronics plate comprises a 1 U server rack. 

18. The field serviceable assembly of claim 16 wherein: 

the first and second frame hinge plates are located on opposing sides of said 

frame; and 

the first and second display hinge plates are located along an upper edge of said 

side assemblies such that said side assemblies are configured to rotate 

about a substantially horizontal axis. 
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19. The field serviceable assembly of any of claims 16-1 8 wherein: 

the first and second frame hinge plates are located on the same side of said frame; 

and 

the first and second display hinge plates are located along the same side of said 

side assemblies such that said side assemblies are configured to rotate 

about a substantially vertical axis. 

20. A field serviceable assembly for displaying images comprising: 

a frame having a substantially rectangular shape and comprising a first and second 

frame hinge plate located on opposing sides of said frame; 

a first and second side assembly hingedly mounted to the frame in a back to back 

arrangement such that each of the first and second side assemblies may be 

rotated outwardly along a substantially horizontal axis, wherein each of said 

first and second side assemblies comprises: 

a transparent layer, 

an electronic display located behind the transparent layer, 

a backlight located behind the electronic display, 

a corrugation layer located between the backlight and the rear surface of 

the side assembly, wherein the corrugation layer is configured to 

receive ambient air, and 

a channel located between the transparent layer and the electronic display, 

wherein the first channel is configured to receive circulating gas, 

a cavity defined by the space between the rear surfaces of the first and second 

side assemblies and the frame; 

a server rack positioned within the cavity configured to receive a plurality of 

electronic components, wherein said server rack is configured to remain 

stationary when said first and second side assemblies are rotated; 

a substantially sealed closed loop pathway comprising said cavity and said 

channel; and 

an open loop pathway comprising said corrugation layer. 
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SYSTEM AND METHOD FOR PREVENTING DISPLAY BOWING 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of U.S. provisional patent application 

serial no. 62/491, 123 filed April 27, 2017, which is hereby incorporated by reference in its 

entirety. 

TECHNICAL FIELD 

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

assemblies for electronic displays. 

BACKGROUND AND SUMMARY OF THE INVENTION 

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

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

market where the electronic displays are increasingly replacing the use of static posters. 

The use of electronic displays is advantageous because they allow images to be changed 

quickly as well as permit the use videos and interactive displays, among other benefits. 

Such displays may be used for advertisements, public announcements, information, 

wayfinding, and the like. 

[0004] Such outdoor, and some indoor, displays are sometimes encased in a 

housing to protect them from environmental conditions. The housing may be designed to 

resist, mitigate, manage, control, or prevent water, precipitation, dust, and air contaminant 

intrusion, vandalism, tampering, wind, temperature changes, solar loading, extreme 

temperatures, and the like. Oftentimes, these displays are placed outdoors where they 

are subject to extreme temperatures, drastic temperature changes, and significant solar 

loading. If the temperature inside the housing gets too high or too low the electronic 

displays and related components may be damaged. As such, the temperature inside the 

housing must be maintained at acceptable levels. In order to maintain the temperature 

inside the housings at acceptable levels, a number of gas pathways are generally placed 

through the housing. Sometimes, a combination of open loops carrying ambient air and 

closed loops carrying circulating gas are used. 

[0005] Over time, the market has demanded increasingly larger displays. These 

larger displays have correspondingly larger surface areas and often require 

correspondingly larger, in size or number, gas pathways to maintain the temperature in 

the housing. As the dimensions of these displays and corresponding gas pathways have 

increased, the potential for the displays to bow outwardly has increased. This is because, 
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typically, the displays are mostly unsupported. The displays are generally mounted along 

their perimeter so illumination from the backlight is permitted to reach the entirety of the 

display, among other considerations. Thus, a large section of the display is not directly 

mounted to a housing or other stabilizing or supporting structure, which may allow bowing 

of the display. Additionally, the asymmetrical temperature loading of various layers and 

components of the display may contribute to such display bowing. Further still, some 

displays have a gap between the electronic display itself and a cover panel located in 

front of the electronic display. As the electronic display bows towards the cover panel, 

the gap between the cover panel and the display may be narrowed and a resulting venturi 

effect may be created. The venturi effect may increase the bowing forces. 

[0006] Such bowing can cause damage to the display, distortion of the displayed 

image, and may disrupt airflow through the open and closed loops. In some cases, the 

electronic display may bow outwardly enough that it contacts the cover panel. This may 

not only interrupt normal thermal management but may also result in significant heat 

transfer from the solar loaded cover panel to the electronic display. This may rapidly 

cause permanent damage to the display. Therefore, what is needed is a system and 

method for preventing an electronic display from bowing. 

[0007] Additionally, display assemblies comprising a backlight sometimes have a 

sealed cavity for the backlight. As the illumination devices and other components of the 

backlight generate heat, heat can become trapped in this cavity. Because the cavity may 

be completely or partially sealed, the heat may build up and cause damage to components 

of the assembly. Therefore, what is needed is a system and method for removing heat 

from the backlight cavity. 

[0008] The present invention is a system and method for preventing an electronic 

display from bowing. The present invention is also a system and method for removing 

heat from the backlight cavity. The present invention provides a first gas pathway through 

first gas pathways between a cover panel and an electronic display and an additional flow 

path through a backlight cavity located in the space between the electronic display and a 

backlight. The flow of air through the backlight cavity removes heat from the backlight 

cavity generated by the illumination devices or other components. 

[0009] The amount or speed of airflow through the first gas pathway and the 

backlight cavity may be controlled so as to create a pressure drop in the backlight cavity 

as compared to the first gas pathway. This pressure drop may result in forces which tend 

to pull the electronic display away from the cover panel, thereby reducing or eliminating 
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the bowing. In particular, a support or a bracket may be used to create an entrance gap 

and exit gap into and out of the backlight cavity. In this way the amount or speed of airflow 

through the backlight cavity may be controlled. The entrance gap may be smaller than 

the exit gap. In exemplary embodiments, an angled section may extend from the distal 

end of the bracket located near the exit gap. The angled section may extend towards the 

side of the housing to restrict the flow of air from the first gas pathway into a second gas 

pathway located behind the backlight. The constriction of this air may create a venturi 

effect, creating a low-pressure zone near the angled section to pull circulating gas through 

the backlight cavity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] In addition to the features mentioned above, other aspects of the present 

invention will be readily apparent from the following descriptions of the drawings and 

exemplary embodiments, wherein like reference numerals across the several views refer 

to identical or equivalent features, and wherein: 

[0011] Figure 1 is a perspective view of an exemplary display assembly in 

accordance with the present invention also indicating section lines A-A; 

[0012] Figure 2 is a top sectional view of an exemplary display assembly 

embodiment taken along section line A-A of figure 1 ; 

[0013] Figure 3 is a top sectional view of another exemplary display assembly 

embodiment taken along section line A-A of figure 1 ; 

[0014] Figure 4 is a top section view similar to figure 2 illustrating an exemplary 

pressure analysis where the display bowing is reduced or eliminated; 

[0015] Figure 5 is a top section view similar to figure 3 illustrating another 

exemplary pressure analysis where the display bowing is reduced or eliminated; 

[0016] Figure 6 is an exemplary graphical representation of another exemplary 

pressure analysis; 

[0017] Figure 7 A is a side view of another exemplary display assembly in 

accordance with the present invention; 

[0018] Figure 78 is a front view of the display assembly of figure 7 A also indicating 

section line 8-8; 

[0019] Figure 8 is a top sectional view taken along section line 8-8 of figure 78 

also indicating detail A; 

[0020] Figure 9 is a detailed top sectional view of Detail A of figure 8; 
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[0021] Figure 10 is a front perspective view of another exemplary display assembly 

in accordance with the present invention also indicating section line C-C; 

[0022] Figure 11 is a top perspective sectional view taken along section line C-C 

of figure 10 also indicating Detail B and Detail C; 

[0023] Figure 12 is a detailed top sectional perspective view of Detail B of figure 

11; 

[0024] 

[0025] 

11; 

[0026] 

Figure 13 provides another angle of Detail B of figures 11-12; 

Figure 14 is a detailed top perspective sectional view of Detail C of figure 

Figure 15 is a detailed top perspective sectional view similar to figure 14 

illustrated in greater detail and from a different angle; 

[0027] 

[0028] 

Figure 16 is another exemplary pressure analysis similar to figure 6; 

Figure 17 is a top sectional view similar to figure 11 showing an exemplary 

air flow velocity analysis also indicating Detail D and Detail E; 

[0029] Figure 18 is a detailed top sectional view of Detail D of figure 17; and 

[0030] Figure 19 is a detailed top sectional view of Detail E of figure 17. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENT($) 

[0031] Various embodiments of the present invention will now be described in detail 

with reference to the accompanying drawings. In the following description, specific details 

such as detailed configuration and components are merely provided to assist the overall 

understanding of these embodiments of the present invention. Therefore, it should be 

apparent to those skilled in the art that various changes and modifications of the 

embodiments described herein can be made without departing from the scope and spirit 

of the present invention. In addition, descriptions of well-known functions and 

constructions are omitted for clarity and conciseness. 

[0032] Figure 1 is a perspective view of an exemplary display assembly 10 in 

accordance with the present invention also indicating section line A-A. The display 

assembly 10 may comprise an electronic display 14 located in a housing 16. In exemplary 

embodiments, the electronic display 14 is a liquid crystal display {LCD). However, any 

type of electronic display 14 may be used, such as but not limited to, a LCD, light emitting 

diode {LED) display, organic LED display, plasma display, or the like. The electronic 

display 14 may optionally comprise one or more diffuser sheets or optical films. A cover 

panel 12 may be located in front of the electronic display 14. The cover panel 12 may be 

located substantially parallel to, spaced apart from, and in front of the electronic display 
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14. The cover panel 12 may form the front surface of the housing 16. The cover panel 

12 may be comprised or a transparent or translucent material such as, but not limited to, 

a glass or acrylic. The cover panel 12 may be comprised or multiple layers. As will be 

shown and described in greater detail herein, one or more electronic displays 14 and 

corresponding components may be used, including but not limited to, a pair of electronic 

displays 14 placed back to back within the housing 16. Regardless, an intake 18 may 

extend along either side or the upper portion of the housing 16, though any location is 

contemplated. As will be shown and described in greater detail herein, an exhaust 20 

may be located along the lower edge of the display assembly 1 0, though any location is 

cont em plated. 

[0033] Figure 2 is a top section view taken along section line A-A of figure 1 

illustrating an exemplary display assembly 1 0 using a single electronic display 14. A 

backlight 30 may be located behind the electronic display. The backlight 30 may be 

located behind, substantially parallel to, and spaced apart from, the electronic display 14. 

The backlight 30 may comprise a number of illumination devices, such as but not limited 

to light emitting diodes {LEDs), located on a pan. In exemplary embodiments, the 

backlight 30 may comprise a number of illumination devices arranged in a spaced pattern 

to provide a directly backlit arrangement. In other exemplary embodiments, the backlight 

30 may comprise a number of illumination devices arranged in a line along one or more 

sides of the electronic display 14 in an edge lit arrangements. In still other exemplary 

embodiments, the backlight 30 may form a part of the electronic display 14, such as 

without limitation with an organic LED display. In such embodiments, a backlight pan may 

be located behind the electronic display 14. The backlight pan may be a metal sheet or 

the like. 

[0034] Regardless, a rear plate 32 may be located behind the backlight 30. The 

rear plate 32 may be located behind, spaced apart from, and substantially parallel to the 

backlight 30. A first gas pathway 22 may be located in the space between the rear surface 

of the cover panel 12 and the front surface of the electronic display 14. This space may 

also be referred to as the LCD cavity herein. The first gas pathway 22 may be configured 

to receive circulating gas 24. The circulating gas 24 may travel through the first gas 

pathway 22 and into a second gas pathway 26 located behind the backlight 30. 

[0035] The second gas pathway 26 may be located in the space between the rear 

plate 32 and the rear of the housing 16. The second gas pathway 26 may comprise a 

heat exchanger 28 and an electronics cavity 30, though such is not required. The heat 
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exchanger 28 may be any type of heat exchanger 28. The heat exchanger 28 may be 

mounted to the rear plate 32, though any location is contemplated. In exemplary 

embodiments, the heat exchanger 28 occupies a first portion of the second gas pathway 

26 and the electronics cavity 34 occupies a second portion where various electronic 

components may be located. The heat exchanger 28 may also be part of a second open 

loop pathway. These various electronic components may be used to operate the display 

assembly 1 0. After traveling through the second gas pathway 26, the circulating gas 24 

may return to the first gas pathway 22, thus creating a closed loop. Stated another way, 

the closed loop may encircle the electronic display 14. One or more closed loop fans 35 

may be placed along the closed loop so as to control the speed and amount of circulating 

gas 24 pass through the closed loop, or through the first gas pathway 22 or the second 

gas pathway 26. In exemplary embodiments, the closed loop fan 35 may be located 

between the heat exchanger 28 and the electronics cavity 34, though any location is 

cont em plated. 

[0036] In exemplary embodiments, a corrugation layer 38 may be located between 

the rear surface of the backlight 30 and the front surface of the rear plate 32. The 

corrugation layer 38 may be configured to receive ambient air 44. The space between 

the rear plate 32 and the backlight 30 may define a first open loop channel 37. The 

ambient air 44 may also flow through the heat exchanger 28 (the second open loop 

pathway). Ambient air 44 may enter the assembly 10, pass through the first or second 

open loop pathways and then exit the assembly 10, thus creating an open loop. One or 

more open loop fans 33 may be placed along the open loop to control the amount or 

speed of ambient air 44 flowing through the open loop, or through the corrugation layer 

38 or the heat exchanger 28. 

[0037] A backlight cavity 36 may be located in the space between the rear surface 

of the electronic display 14 and the front surface of the backlight 30. A portion of the 

circulating gas 24 may be separated from the remainder of the circulating gas 24 and 

travel into or through the backlight cavity 36. This portion of the circulating gas 24 may 

also be referred to herein as the backlight cavity gas 25. The backlight cavity gas 25 that 

exits the backlight cavity 36 may be rejoined with the circulating gas 24. The backlight 

cavity 36 may be framed on the sides, at least in part, by supports 47. In exemplary 

embodiments, a first supports 47 is located on the side of the backlight cavity 36 which 

receives the backlight cavity gas 25 and a second support 47 is located on the side of the 

backlight cavity 36 where the backlight cavity gas 25 exits the backlight cavity 36. 
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[0038] The supports 47 may extend from the rear surface of the electronic display 

14 to support various components, such as but not limited to, a diffuser, optical films, a 

transparent sheet, or the like, located between the electronic display 14 and the backlight 

30. The supports 47 may be spaced apart from the backlight 30 or the electronic display 

14 at one or more locations to define an entrance gap and an exit gap for the backlight 

cavity gas 25 to enter or exit the backlight cavity 36, respectively. In other exemplary 

embodiments, the supports 47 may comprise a number of aperture which define the 

entrance gap and the exit gap. As will be explained in greater detail herein, the backlight 

cavity gas 25 may be maintained at a lower pressure relative to the circulating gas 24 

traveling through the first gas pathway 22, though such is not required. 

[0039] In exemplary embodiments, the pressure of the backlight cavity gas 25 may 

be kept relatively low by controlling the amount or speed of the backlight cavity gas 25 

permitted to enter and exit the backlight cavity 36. The amount or speed of the backlight 

cavity gas 25 may be controlled, at least in part, by the dimensions and/or shape of the 

backlight cavity 36. In exemplary embodiments, the gap between the supports 47 and 

the front surface of the backlight 30 may be sized and configured to control the amount 

or speed of the backlight cavity gas 25 allowed to enter and exit the backlight cavity 36. 

In exemplary embodiments, the gap between the support 47 located at the entrance to 

the backlight cavity 36 may be smaller than the gap between the support 47 located at 

the exit of the backlight cavity 36 to reduce the pressure of the backlight cavity gas 25. 

[0040] Alternatively, or in addition, the amount or speed of air permitted to enter 

and exit the backlight cavity 36 may be controlled by brackets 48. In exemplary 

embodiments, a first bracket 48 is located on the side of the backlight cavity 36 which 

receives the backlight cavity gas 25 and a second bracket 48 is located on the side of the 

backlight cavity 36 where the backlight cavity gas 25 exits the backlight cavity 36. The 

brackets 48 may be substantially shaped as an upside-down "L" and may extend from 

either edge of the electronic display 14 so as to also frame the backlight cavity 36. The 

gap between the bracket 48 and the surrounding structure, including but not limited to, 

the backlight 30 and the corrugation layer 38, may be sized and configured to control the 

amount or speed of the backlight cavity gas 25 allowed to enter and exit the backlight 

cavity 36. In exemplary embodiments, the gap between the bracket 48 located at the 

entrance to the backlight cavity 36 may be smaller than the gap between the bracket 48 

located at the exit of the backlight cavity 36 to reduce the pressure of the backlight cavity 

gas 25. 
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[0041] In exemplary embodiments, some or all of the brackets 48 may comprise an 

angled section 49 extending from an end thereof. This angled section 49 may be angled, 

oriented, sized, shaped, and otherwise configured to likewise to control the amount or 

speed of the backlight cavity gas 25 allowed to enter and exit the backlight cavity 36. In 

exemplary embodiments, the angled section 49 may only be located on the exit of the 

backlight cavity 36 to assist in reducing the pressure of the backlight cavity gas 25. 

[0042] In exemplary embodiments, the angled section 49 may extend towards the 

side of the housing. The angled section 49 may extend into the flow of circulating gas 24 

passing from the first gas pathway 22 into the second gas pathway 26. The angled section 

49 may disrupt a portion of such flow and instead permit said backlight cavity gas 25 to 

rejoin the remainder of the circulating gas 26. As the angled section 49 may restrict the 

flow of circulating gas 24 passing from the first gas pathway 22 into the second gas 

pathway 26, the angled section 49 may create a venturi effect and result in a lower 

pressure area near the exit of the backlight cavity 36. This lower pressure area may force 

or encourage the backlight cavity gas 25 to enter, flow through, and exit the backlight 

cavity 36. This may affect the relatively pressure of the backlight cavity gas 25 and the 

resulting forces on the electronic display 14. The angle of the angled section 49 may be 

engineered and adjusted to provide a desirable flow through the backlight cavity 36 and 

resulting force on the electronic display 14. 

[0043] The amount or speed of the circulating gas 24 permitted to enter and exit 

the backlight cavity 38 (the backlight cavity gas 25) may be predetermined to account for 

anticipated bowing of the electronic display 14. Indeed, the amount or speed of the 

backlight cavity gas 25 may determine the pressure of the backlight cavity gas 25, and 

thus the resulting force on the electronic display 14. For example, without limitation, 

enough resulting force may be desirable to substantially cancel out the bowing of the 

electronic display 14. However, too much resulting force may compress the electronic 

display 14, resulting in image distortion and/or damage to the electronic display 14. In 

exemplary embodiments, a pressure difference between 0-0.5 psi between the circulating 

gas 24 flowing through the first gas pathway 22 and the backlight cavity gas 25 may be 

desirable, though any relative pressures are contemplated. For example, without 

limitation, the supports 47, the brackets 48, and the angled section 49 may be sized to 

create a predetermined relative pressure drop. Similarly, the angle of the angled section 

49 may be selected to create a predetermined relative pressure drop. It is contemplated 

that other control devices may be used to control the amount or speed of the backlight 
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cavity gas 25 such as, without limitation, fans, structural obstructions, diffusers, filters, 

throttles, valves, flow splitters, or the like. 

[0044] Figure 3 is a top sectional view of another exemplary display assembly 10 

embodiment taken along section line A-A of figure 1. The display assembly 10 illustrated 

and described with respect to figure 3 is similar to the display assembly 10 illustrated with 

respect to figure 2 with the addition of a second electronic display 14 placed back to back 

with the first electronic display 14. Related components for the second electronic display, 

such as but not limited to, a second cover panel 12, a second backlight cavity 36, may 

likewise be placed back to back with the first electronic display 14. In this embodiment, 

the circulating gas 24 may separate after traveling through the second gas pathway 26 

such that a portion flows in front of each electronic display 14. Similarly, a portion of the 

circulating gas 24 may be separated and may flow as backlight cavity gas 25 through 

each respective backlight cavity 36. The circulating gas 24 flowing in front of each of the 

respective electronic display 14 may be rejoined at the other end of the first gas pathway 

22 and flow through the second gas pathway 26. In such embodiments, the second gas 

pathway 26 may share a common heat exchanger 28, electronics, electronics cavity 34, 

and other related components, though such is not required. It is contemplated that 

separate closed loop pathways may instead be utilized. It is further contemplated that 

additional electronic displays 14 in various locations are contemplated. 

[0045] Figure 4 is a top sectional view similar to figure 2 illustrating an exemplary 

pressure analysis for the display assembly 10. Similarly, figure 5 is a top sectional view 

similar to figure 3 illustrating an exemplary pressure analysis for the display assembly 10. 

Figures 4 and 5 demonstrate how bowing of the electronic display 14 may be reduced or 

eliminated. These analyses are merely exemplary and are not intended to be limiting. 

Any dimensions, temperatures, pressures, and the like are contemplated. 

[0046] As can be seen in both figure 4 and figure 5, the pressure of the backlight 

cavity gas 25 located in the backlight cavity 38 is relatively low as compared to the 

pressure of the circulating gas 24 located in the first gas pathway 22 along the entirety of 

the first gas pathway 22. For example, but not to serve as a limitation, the pressure of 

the backlight cavity gas 25 is illustrated as green, thereby indicating a lower pressure, as 

compared to the pressure of the circulating gas 24 in the first gas pathway 22 which is 

illustrated yellow to indicate a higher pressure. The indicated pressure drop may create 

forces which counteract the bowing of the electronic display 14 that may otherwise occur, 

leading to decreased or eliminated bowing of the electronic display 14 as shown. 
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[0047] Figure 6 is an exemplary graphical representation of another exemplary 

pressure analysis illustrating differential pressure between the first gas pathway 22 (also 

referred to as the LCD cavity, the front glass air gap, or the LCD-front glass air gap herein) 

and the backlight cavity 36 (also referred to as the LED cavity herein). This analysis and 

the results are merely exemplary and are not intended to be limiting. Any dimensions, 

temperatures, pressures, and the like are contemplated. The detailed data used to 

produce the graphical representation shown in figure 6 is as follows: 

28 -14 4.25 15.64857752 80.1480277 

14 -14 4.25 15.64646607 79.09110465 

0 -14 4.25 15.6454628 75.28046445 

-14 -14 4.25 15.6448872 75.11193992 

-28 -14 4.25 15.64592538 73.22106961 

28 0 4.25 15.65053391 76.47154539 

14 0 4.25 15.64905628 76.15458164 

0 0 4.25 15.64821219 72.39194399 

-14 0 4.25 15.64801795 71.92009026 

-28 0 4.25 15.64829522 69.78575356 

28 14 4.25 15.65330566 72.50363672 

14 14 4.25 15.65321209 71.96269658 

0 14 4.25 15.65307815 67.82091386 

-14 14 4.25 15.65242712 67.46451856 

-28 14 4.25 15.65168999 65.76823918 

Table 1 

28 -14 3.37 15.64622021 87.70353149 

14 -14 3.37 15.64566772 87.96110944 

0 -14 3.37 15.64512518 91.58209795 

-14 -14 3.37 15.644584 79.94765992 

-28 -14 3.37 15.64401504 79.7297815 
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15.64443134 

15.64397409 

Table 2 
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0.002357311 

0.000798346 

0.000337611 

0.000303201 

0.001910336 

0.004376755 

0.003490969 

0.003121612 

0.003532089 

0.004289189 

0.007236418 

0.007642077 

0.008102352 

0.007995777 

0.0077159 

Table 3 

CHART DATA 

-14 0 

Table 4 
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88.11894204 

86.24853469 

77.61667113 

75.67236919 

74.72774976 

89.41494757 

82.3178322 

83.04160394 

76.65225751 

71.0659114 

14 

[0048] As can be seen, the pressure of the backlight cavity gas 25 located in the 

backlight cavity 38 is relatively low as compared to the pressure of the circulating gas 24 
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located in the first gas pathway 22 along the entirety of the first gas pathway 22. The 

resulting pressure drop may create forces which counteract the bowing of the electronic 

display 14 that may otherwise occur, leading to decreased or eliminated bowing as shown 

in this figure. It is notable that while the pressure differential (here, a relative pressure 

drop) between the data points in the backlight cavity 36 and the corresponding data points 

in the first gas pathway 22 may be relatively small, when multiplied by the number of 

square inches in the corresponding electronic display 14, the resulting forces can be 

significant. 

[0049] Figure 7 A and Figure 78 illustrate another exemplary display assembly 10 

in accordance with the present invention. Ambient air 44 may be ingested into the top of 

the display assembly 1 0 and exhausted from the bottom of the display assembly 10, thus 

creating an open loop. 

[0050] Figure 8 and figure 9 illustrate another exemplary embodiment of the 

display assembly 10. As illustrated, circulating gas 24 may flow through the electronics 

cavity 34. A first portion of the circulating gas 24 may enter the first gas pathway 22, and 

a second portion of the circulating gas 24 may enter the backlight cavity 36 (i.e., the 

backlight cavity gas 25). The circulating gas 24 be rejoined when exiting the first gas 

pathway 22 and the backlight cavity 36 and returning to the electronics cavity 34, thus 

creating a closed loop. The electronics cavity 34 may comprise one or more heat 

exchangers 28, though such is not required. In exemplary embodiments, the heat 

exchanger 28 may comprise one or more closed loop channels 29 for the circulating gas 

24. Ambient air 44 may travel through one or more of the first open loop channels 37. 

The ambient air 44 may also travel through one or more open loop channels 27 in the 

heat exchanger 28. 

[0051] Figure 10 through figure 15 illustrate another exemplary embodiment of the 

display assembly 10. This embodiment may likewise comprise supports 47, brackets 48, 

and an angled section 49 similar to those described herein. Multiple angled sections 49 

may extend from the brackets 48. 

[0052] A first exit gap 45 may be located between the support 47 and the rear plate 

32. In exemplary embodiments, the second exit gap 43 may be located between a distal 

end of the support 47 and the front surface of the rear plate 32. A second exit gap 43 

may be located between the bracket 48 and the housing 16. Alternatively, or in addition 

the second exit gap 43 may be located between the angled section 49 and the housing 

16. In exemplary embodiments the portion of the housing 16 defining the second exit gap 
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43 may be a sidewall of the housing 16 which also defines a portion of the electronics 

cavity 34. The first exit gap 45 and the second exit gap 43 may permit the backlight cavity 

gas 25 to escape the backlight cavity 36 and rejoin the remainder of the circulating gas 

24. 

[0053] A second entrance gap 41 may be located between the support 47 and the 

rear plate 32. In exemplary embodiments, the second entrance gap 41 may be located 

between a distal end of the support 47 and the front surface of the rear plate 32. A first 

entrance gap 39 may be located between the brackets 48 and the housing 16. In 

exemplary embodiments the portion of the housing 16 defining the first entrance gap 39 

may be a sidewall of the housing 16 which also defines a portion of the electronics cavity 

34. The second entrance gap 41 and the first entrance gap 39 may permit a portion of 

the circulating gas 24 (i.e., the backlight cavity gas 25) to separate from the remainder of 

the circulating gas 24 and enter the backlight cavity 36. 

[0054] As previously described, in exemplary embodiments the first entrance gap 

39 is smaller than the second exit gap 43. In exemplary embodiments the second 

entrance gap 41 is smaller than the first exit gap 45. However, any size first entrance gap 

39, second exit gap 43, second entrance gap 41, and first exit gap 41 is contemplated. 

[0055] Figure 16 is another exemplary pressure analysis and data output similar 

to figure 6. The detailed data used to produce the graphical representation shown in 

figure 16 is as follows: 
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[0056] Figure 17 through figure 19 illustrate an exemplary air flow velocity analysis 

for the display assembly 10. As can be seen in these figures, a portion of the circulating 

gas 24 (i.e., the backlight cavity gas 25) may enter the backlight cavity 36 and travel 

therethrough at generally a relatively lower velocity as compared to the circulating gas 24 

traveling through the first gas pathway 22. Also, the angled sections 49 may create an 

eddy of circulating gas 24 in an area 51 around the angled sections 49 resulting in slowed 

circulating gas 24 exiting the area 51. Regardless, this area 51 may comprise circulating 

gas at a relatively low pressure as compared to the circulating gas 24 in the surrounding 

area. The illustrated analysis is merely exemplary and is not intended to be limiting. 

[0057] Although the flow of the ambient air 44 and the circulating gas 24 may be 

shown and described herein with respect to particular directions and orientations, it is 

contemplated that the ambient air 44 and the circulating gas 24 may flow in other 

directions. For example, without limitation, ambient air 44 and circulating gas 24 shown 

as flowing clockwise may flow counter-clockwise, when shown flowing vertically from top 

to bottom may flow from bottom to top, when shown flowing horizontally from right to left 

may flow from left to right, when shown flowing vertically may flow horizontally, when 

shown flowing horizontally may flow vertically, and the like. 

[0058] Any embodiment of the present invention may include any of the optional or 

preferred features of the other embodiments of the present invention. The exemplary 

embodiments herein disclosed are not intended to be exhaustive or to unnecessarily limit 

the scope of the invention. The exemplary embodiments were chosen and described in 

order to explain the principles of the present invention so that others skilled in the art may 

practice the invention. Having shown and described exemplary embodiments of the 

present invention, those skilled in the art will realize that many variations and 

modifications may be made to the described invention. Many of those variations and 

modifications 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: 

PCT/US2018/029707 

1. An apparatus for preventing bowing of an electronic display comprising: 

a housing; 

a cover panel, wherein the electronic display is located behind said cover panel; 

a backlight located behind said electronic display; and 

a closed loop pathway for circulating gas comprising: 

a first gas pathway located between said cover panel and the electronic 

display, 

a backlight cavity located between the electronic display and the backlight, 

and 

a second gas pathway located behind the backlight. 

2. The apparatus of claim 1 further comprising: 

an open loop pathway for ambient air located behind said backlight. 

3. The apparatus of claim 2 further comprising: 

a rear plate located behind said backlight; 

a corrugated layer extending between said rear plate and said backlight; and 

a first open loop pathway located between said backlight and said rear plate. 

4. The apparatus of claim 3 further comprising: 

a heat exchanger located within the second gas pathway; and 

a second open loop pathway comprising said heat exchanger. 

5. The apparatus of any of claims 1-4 further comprising: 

a second cover panel; 

a second electronic display located behind said second cover panel; and 

a second backlight located behind said second electronic display; 

wherein the closed loop pathway for circulating gas further comprises: 

a third gas pathway located between said second cover panel and the 

second electronic display, and 

a second backlight cavity located between the second electronic display 

and the second backlight, 

wherein the second gas pathway is located between the backlight and the 

second backlight. 

6. The apparatus of claim 5 wherein: 

the second cover panel, the second display assembly, and the second backlight 
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are located in a back to back arrangement with the cover panel, the display 

assembly, and the backlight, respectively. 

7. The apparatus of claims 1 further comprising: 

a first and second support located at an entrance and an exit, respectively, of the 

backlight cavity, wherein said first and second supports define an entrance 

gap and an exit gap, respectively, for the circulating gas to enter or exit the 

backlight cavity. 

8. The apparatus of claim 7 wherein: 

the entrance gap is smaller than the exit gap. 

9. The apparatus of claim 1 further comprising: 

a first and second bracket located at an entrance and an exit, respectively, of the 

backlight cavity, wherein said first and second brackets define an entrance 

gap and an exit gap, respectively, for the circulating gas to enter or exit the 

backlight cavity. 

10. The apparatus of claim 9 wherein: 

the entrance gap is smaller than the exit gap. 

11. The apparatus of claims 9 wherein: 

the second bracket comprises an angled section located on a distal end of said 

bracket and extending towards the side of said housing. 

12. The apparatus of claim 11 wherein: 

the angled section is configured to create a venturi effect on circulating gas passing 

from the first gas pathway to the second gas pathway. 

13. The apparatus of claim 1 wherein: 

the closed loop pathway is configured such that the pressure of the circulating gas 

passing through the backlight cavity is lower than the circulating gas passing 

through the first gas pathway. 

14. The apparatus of claim of 13 wherein: 

the pressure of the circulating gas passing through the backlight cavity is between 

0 and .5 psi lower than the circulating gas passing through the first gas 

pathway. 

15. The apparatus of claim 2 further comprising: 

at least one circulating gas fan located within the second gas pathway for moving 

the circulating gas through the closed loop pathway; and 

at least one ambient air fan located within the open loop pathway for moving 
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the ambient air through the open loop pathway. 

16. An apparatus for preventing bowing of an electronic display comprising: 

a housing; 

a cover panel, wherein the electronic display is located behind, spaced apart 

from, and substantially parallel to said cover panel; 

a backlight located behind, spaced apart from, and substantially parallel to said 

electronic display, wherein the space between the backlight and the 

electronic display defines a backlight cavity; 

a closed loop pathway for circulating gas encircling the electronic display and 

comprising the space between said cover panel and said electronic display, 

the backlight cavity, and a space between said housing and said backlight; 

and 

an open loop pathway located in the space between said housing and said 

backlight. 

17. The apparatus of claim 16 further comprising: 

a first and second bracket located at an entrance and an exit, respectively, of the 

backlight cavity, wherein said first and second brackets define an entrance 

gap and an exit gap, respectively, for the circulating gas to enter or exit the 

backlight cavity, wherein the entrance gap is smaller than the exit gap; 

an angled section located on a distal end of the second bracket and extending 

towards the side of said housing; and 

a first and second support located at the entrance and the exit, respectively, of the 

backlight cavity, wherein said first and second supports define an second 

entrance gap and a second exit gap, respectively, for the circulating gas to 

enter or exit the backlight cavity, wherein the second entrance gap is smaller 

than the second exit gap. 

18. The apparatus of claim 17 wherein: 

the first and second brackets comprise a first set of apertures which define the 

entrance gap and the exit gap; and 

the first and second supports comprise a second set of apertures which define the 

second entrance gap and the second exit gap. 

19. The apparatus of any of claims 16-18 wherein: 

the electronic display comprises liquid crystals; and 

the backlight comprises light emitting diodes. 

17 

SEC et al. v. MRI 
SEC Exhibit 1022.5564 

IPR2023-00221



WO 2018/200905 PCT/US2018/029707 

20. An apparatus for preventing bowing of an electronic display comprising: 

a housing; 

a cover panel, wherein the electronic display is located behind said cover panel; 

a backlight located behind said electronic display and comprising a number of light 

emitting diodes; 

a closed loop pathway for circulating gas comprising: 

a first gas pathway located between said cover panel and the electronic 

display, 

a backlight cavity located between the electronic display and the backlight 

having an entrance and an exit, and 

a second gas pathway located behind the backlight and comprising a heat 

exchanger; 

a rear plate located behind said backlight; 

an open loop pathway comprising: 

a first open loop pathway located in the space between said rear plate and 

said backlight, and 

a second open loop pathway comprising said heat exchanger; 

a first and second bracket located at the entrance and the exit, respectively, 

of the backlight cavity, wherein said first and second brackets comprise a 

first number of apertures defining an entrance gap and an exit gap, 

respectively, for the circulating gas to enter or exit the backlight cavity, 

wherein the entrance gap is smaller than the exit gap; 

an angled section located on a distal end of said second bracket and extending 

towards the side of said housing; and 

a first and second support located at the entrance and the exit, respectively, of the 

backlight cavity, wherein said first and second supports comprise a second 

number of apertures defining an second entrance gap and a second exit 

gap, respectively, for the circulating gas to enter or exit the backlight cavity, 

wherein the second entrance gap is smaller than the second exit gap. 
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1 . - llfi id~ a$$~ _t 1¥1 H 7Jd_§_ 1tf: , 'El.ti : 
~3~~B1¥Jffi-~~H~ff~ffi=~~H~ft; 
m-~~w~~m=~~w~.~~rm~m-~~H~B~ffi=~~H~B~*z 

- s,s 1ru ffi ; 
3flfjj!4H£ ,ilfTPfr~ffi-~ ~H~ft;foffi=~ ~H~ffZfsJ, fflrt~41Cffm~~; 
ffilf~1£, fflrt~41l:1~lf~,fis:, :ff _ft 'E1.Ji: 
%M~m~ffi-~~ffi~~ffi=~~ffi~~m~ffi-~~H~ff~ffi=~~H~ft 

% JVG B'S ffi-imm: ;fo ffi =imm: , 
~rm~ffi-~~H~ff~ffi=~~H~ffZOOJt~m~im*~1is:~iml¥J~~,~ 
~rid~ JU $ffilm $ B'S n 1-t, ~ * , Pfr~n 1is=~ J=iJr~ffi-~ ~ ffi tffe. :f P ffi =~ ~ ffi ~% 

JVG~*_tmmm~m-~~H~B~ffi=~~H~B,m~3flf~~~m~ffilf~~l¥1* 

~ * , pfr~ ffi lf jj!4H£ ;fO pfr~ 3f lf jjiiH£ m r ~~ ~ 13~ JA 1~ lf ~ 1,tfs:14¥ :iffi JU lf m ~ ~ , ~at~ 
ft~m~ffilf~1is:~m~lfm~~~ffW~~~~m~o 

2. :tmtx:fLl~*lpfr~B'S H~£_§_ 1tf:, :iL'ElJi: 
m-~~~~m=~~~,~~~•am~~~H~Bm-~m=~~H~B~z­

s,s Fo :R ffi sq Fo ffi o 
3. fr□ tx:fLl ~ *2 pfr~B'S H ~£_§_ 1tf: , ~ * :iL ~ ti : $ '1' ~ ~$1tf: , ix:.~ a_¥ d>-'1' p)y~ ~ 

~~B'SFo:Rffi_to 
4. :tmtx:fLl~*2J=iJr~s,sH~£_§_ftf: ,~*:iL~ti: 
m-Hlfimm:~ffi=3flfimm:,%m~m~m-~~~~m=~~~~m~m-~~ 

H~ff~ffi=~~H~ffl¥1Fo:Rffi%JVGo 
5. fr□ tx:fLl~*4J=ifrJ£1¥J H~£_§_ 1tf:, ~*: J=ifrJ£3flfjj!%1£~t!J=ifrJ£ffi-3flfifilii[:fOffi=3f 

lfimmo 
6. fr□ tx:fLl ~ *5 pfrj£ 81 H ~£_§_ 1tf:, ~ * : pfrj£3f lf jj!%1£ 1f 1~lf m£ '7.Jj( f:l:fuimMJ=iJrj£ ffi 

-3f;Efifilii[:fOffi=3flf immo 
7. fr□ tx:fLl~*lJ=ifrJ£1¥J H~£_§_ 1tf:, ~*: J=ifrJ£l;filfjj!%1£1t1~1;filf~'7.jg1f:f:fuimMJ=ifrJ£ffi 

-imm::foffi=imm:~&J=ifrJ£'7.~ o 
8. fr□tx.:fLl~*lJ=ifrJ£81 H~£_§_ 1tf:, ~ *, J=ifrJ£3flf lf1H£:iL~ti: 
1irr pfrj£7f:,1,tfs: pg 8'9Jtt'7.tL, fflrDJtAlfm£~; ;fO 
1irr J=ifrJ£n1,tfs: pg B'Stif:'7.tL, fflrtif:tBlfm£~o 
9. fr□tx.:fLl~*8J=ifrJ£B'SH~£_§_1tf:, ~* ,J:iJrJ£lfjj!%1£:iL~ti: 
$'1'A □ R.~mJ£m'7.R~&mJ£ffi-3flfim*~ffi=Hlfimm:'7.1is:~im.~ 

$ '1' tB D JL , ~ J=ifr:i* ffi-3f lf im ii[ :f P ffi = 3f lf im:ii't ~ &J=iJrJ£ ti!: '7. JL '7.1is:~im o 

10. fr□ tx:fLl~*5pJrJ£8'9 H~£_§_ 1tf:, ~ *: pfrJ£l;filf jj!%1£~tiffi-ftrE1£lPffi=rfrE1£, ~ 
*,mJ£ffi-~~~ffi=~~%Mjg1flfmmJ£ffi-~~H~ff~ffi=~~H~fto 

11 . fr□ tx:fLl ~ * 10 pfrj£ B'S H ~£_§_ 1tf:, ~ * : pfrj£ffi-3f lf immlO ffi = 3f lf immJAJ=iJrj£ ffi 
-ffrE1£:f P ffi = tTE 1£ B'S* fsJ ~Mo 

12 . fr□ tx :fLl ~ * 1 pfrj£ B'S H ~ £_§_ 1tf: , :iL ~ t! : _¥ d>-'1' *~ ntB a pfrj£ 3f lf jj!! 1£ pg B'S 3f lf 
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Jxl m , J=llr ti i}J lf, ~y ~ imtl J1fr:r£ 3f lf, R1H£ o 
13. ~□ t1<.5fLl~*lJ:ifr:r£B"J BJF£ii 1!:f:, ~~t!: _¥d,>-,f-1=JJ:ifr:r£l;;filf,~1£$:Jl1±-,mB"J ffi 

lf, Jxlm, mrtiiJJtrnlf,~ 1$:±mttJ:ife:r£ffi lf,fil!1£ 0 

14. -liriz~tE$wJ;i_tsq BJF£ii 1!:f:, ~t!: 
-~~-~$:Jl#A~$*00~J§*OO~~~BJFff; 
-~m~oo~.~~r-,t-m:r£~~BJFB~$*OO~$OO; 
-~ffilf,±mm,~~r-,t-m:r£m~oo~1=J-,t-m:r£~~BJFBzoo; 
-~~~~,~~f-,t-m:r£~~BJFff~J§*OO~J§00; 
- xt 3f lf, ±mm , t-?J {1, r-,t-J:ifr:r£ ~ ~ ~ ~ J:iJr:r£-,t-~ ~ B JF e s"J J§ * oo z raJ , ,; q:i , Jifr 

:r£3flf,im*fflrftW;Ef,~~~*~~imtl;~ 
~m:r£-~~~~%~~ffilf,~~.,;q:i,m:r£ffilf,~~1=Jm:r£-~ffilf,±mm~1,,1s:~ 

im; 
,;q:i,m:r£ffilf,imm~m:r£ffilf,~~fflrftW~lf,~1$:~~imtlo 
15 . ~□ *XlLl ~ * 14J:ifr:r£ B"J B JF £ii 1!:f: , ~~ t! : iz ~:a_¥ &-,t-Jiff;£~~!~ tffe. B"J J§ * 00 _t B"J 

$,f-~~$1!:f:o 
16. iz□ *XlLl~*14p)r:r£~BJF£_§_ 1!:f:, ~~ti:S: ~fa]_t5t~ s"J-xtl;;fllf,Jxlm, fflr1iMtrn 

lf,~1$:±mtlm:r£ffilf,~~~m:r£ffilf,immo 
17 . ~□ *X 5fLl ~ * 14 p)y;i£ B"J B 7F £_§_ 1!:f: , ~ ~ t! : 3f lf, ,!xi. m , ffl T ti i-j} lf, ~ ~ ~ im ti pJrj£ 3f 

lf,ifilmo 
18. iz□*XlLl~*l 4pfr:r£B"J BJF£_§_ 1!:f:, ~~115": ~riz~tE$$~J9f $B"J n14s: 0 

1 g. -# m r'tz~ :a$$~_t s"J BJF£ii 1!:f:, ~ti= 
-~~-~$:ll~~~BJFff,m:r£~~BJFffZ00~~00%~00~; 
~1,,1s:,mr~mm:r£~~BJFff#iz~~m:r£$wJ;i~$~; 
ffilf,~1£, mt1tBt,f-Jifr;r£~ ~BJFff#~tlJ:ifr:r£faJP:~; f0 
-xt3flf,fil!1£, ~tlJ:iJr:r£faJfs;~; 
,; q:i , J:ifr;r£3f lf, !E!1£ f0 pfr;r£ l;;fi lf, fil!1£ ~ :t§ x_ o 
20. iz□ tX5fLl~*19pfr:r£B"J BJF£_§_ 1!:f:, ~~t!: -xt~~tffe.,firr pfr;i£~ ~BJFffZfaJ ,~~ 

m:r£3flf,~~1=Jm:r£ffilf,~~ffl~~o 
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51:_;Z '31 ffl6"Ji'§~$m 
[0001] *$-iw~>Ktl:2016~3 Jj 4 B t~5i:6"1~1E lf'a;S1~5fLl $ i,tNo. 62/303, 8066"J;f;jCa, t~ 
Jltit JF r .tl:lA'1=: 19 ~1*~ ~ o 

11#~:00::l§x 
[0002] *zzs,lj B"J~iftgfftlim1t~ R.fflr~ f"H?Fff6"11t¾P]Uft 0 

.:::lc.s§!.-1:±~ 
~ ffl. Dl./l'-

[ 0003] ~ f"H?Fa~s1 mr~>1rpf,m, ~~1mmJffi111m.f!lPTf3~t1~ 6"1 tx±:glt, Elx~PTf3~Y¥1=E 
~ ftll l~ ~ 6"1 IX ±:git , 1Ytl ~□ :k PB 13~ in tt , JA ITO~ fx: H 1F a pg $ jlfil_ !!1 fr ~ 0 ~ ITO , H 1F a B"1 ~@ $ 
*~*~*~B"J,~79ffi$~~pf,m~~~AH?FffB"J~®$*¾~~~~~~~*A~ 
H?FffB"JilJ&~$*, ~¾~i~H?Ffftl1PB"Jzz-'=tt&~i o 

£ll)ipg~ 
[0004] ?FfJtl·r1:~tftgfftlPT 'E1t!$~$J!R61 fflr1tifiE,f,$: (fJtl~□~~) imtl~ f"H?Fffnt1s:6"1 
t'TEM fi!!1£ o _¥ d> -~ lr!1£ ~ l';fi pf, , ITO~ ftllJL ~ fi!!1£ PT ~ t~1A :tf pf, o tt;m:1:ih , ffi pf, lr!1£imtl* 
M~f"~~pf,,JFHM~f"H?Fff~$~S}j00~~~imtl◊pf,m~~B"Jffi-:tfpf,PT~Mffi 

-~f"H?Fff§OOimtl,ITOpf,m~~B"Jffi=-~PI~Mffi=~f"H?FffB"J§OOimtl◊1=E­

@~ tftg 13itl q:r , :tf pf,~~~ f3~ ~ 13~t~ ~ ~ f"$1tf: B"J IWJ l~ ~ 6"1 l~;. , * H ,tE-@ ~ 1M 13itl q:r , :tf pf, 
~~ ill f3~~~LED1fft (!lxLEDH?Fff) 6"1 l~; o imtlJEfir)Xl.,$j 6"11:frJI, PT~flEm:l:iM~*Llimtl 
'HJ:'fkfi!t1£6"1i1iE t1s:;. o 

1!11~1,5tll}i 
[0005J r;i T --1.itt~1iE~>1r, ~~~imttx1 ~ r pft oo to?FfJtl·r1:~iftgfYtl B"1mitx1*1z S}j 6"1 ~fm 
1f 001$ W tffi i5l S}j , ~ q:r , JL ~ fJ\1. 00 q:r ;t§ ~ 6"1 ~~Ii* *?F ffl ~ Elx w ~ 6"1 t~1iE , ~ q:r : 
[ooo6J oo 1J=iJr?F61 ~xx 19!U H?Ftii 1tf:6"1-~?FfJH1:~tftg fYtlEl"1$ l'lUiJ\1.oo, ~R. 1'l1JOO~A-A, B-B 
;fOC-C6"111/ I 0 

[0001] 00 2J=iJr?F6"1 ~ffr3gOO l?Jr?F~iftg 13itl q:r 6"1 l'llJOO ~A-At\G~ 1#iLl61191UtflJfJ\1.00 o 

[ ooos J 00 3 J=iJr 1F 6"1 ~ ifr 3g 00 1 J=iJr 1F ~ tf1g fYtl 61 l'llJ 00 ~ B-Bt\G ~ 1# JLl 6"1 $ l'llJ fJ\1. 00 o 

[ooo9J 00 4J=iJr?F61~ffr:og001 ?Jr?F~iftg fJtl 6"1 tflJOO ~c-ct!G~ 1# JUT~ tfiJfJ\1.00 , Jf t~ l±l tffi$A6"1 
1:\J.Jlo 
[ 00 10] 00 5 p)r 1F 6"1 ~ fffi $ A 61 vi': fffi tlG 00 fJ\1. 00 0 

[ oo 11] 00 6 JrJr ?F 6"1 ~ 00 1 ?fr 1F ~ if1g fJtl 6"1 Ja.j $ ijHt 00 o 

~ 17+'~Jlfiljj"~ 
[ oo 12J r x ~~ ~ ~~ pft oo q:r JrJr * 7F 6"1 * 1z S}j 6"1 ?F 13itl ·r1: ~ iftg 13itl x1 * 1z S}j m ff £fr,~ :1:-t11 m it o 
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~rffi.*R~PT~$#~~%rt:~~.H~S~M~~&~r*R~m~~~~tt~~~o 
ffi&,m~~@~~~~§~~~*R~W~~~~~**·*~*R~~ffim~~~~ 
~*®I ±i 8"1 tt * A fi:t O fr lift 00 q:t , ~ T rn ~ 1-EQ Yi!, ' 00 e ;fD IX ±i 8"1 A /j, ;fD ffi x,f ::T\JJ, pJ ~ ii JJJ 
Ao 
[ 0013] ~11!. ~ ffl 8"1 *i13" ix. ffl Tm~ t~ IE~ JJW: 1Jtl , * ~ ffl T p~ tu* R ~ 0 ~□ ~11!. ?Jr~ ffl 8"1 , 
J'1~UJ&%rt: "-" '"-~" f0 "i~" ill§" fr"EY..tJS:~J&%rt:, p*~Fl: rXh~~11Jtm~ 0 3ft*1£~ 
~ q:i 1~ffl*i13" "~;J=t" ;fD/~ "~ *" ~, rlfi ~m-w:EIM~, tl'tJE?JrJB ~ 8"1t~1iE ,}ifJj[, ivlJf, 
~ft, 5c ~ ;fD /~ £_§_ 1!:f: 8"1 tf fro {B ~t=IFP* tf fr~~ 1J□ -~ ~ $ ~ ;ltftflt~1iE, Jif 21&, iv~, ~ft, 
jc~ ,£ii 1!:f:5fD/~£ii {tf:o 
[0014] aJl:l~~~~*R~ 8"1:El!JHt~JJW:1JU (;fDq:t fa] ta#J) 8"1~~00 8"1 oo~*n1i~*R~ 
8"1 ~ ~ fJLl o !El Jl:l , PT ~ ffi;JEiJ. iU 00 ~~%~PT f3~ % R ± 5t1t , 1JLl ~□ EB r tum: tt * 5fD /~ 0 & ~ 
~8"15t {t O IE] Jl:l, * R ~ 8"1 ~~ 1Jff@itM~ ~fx.p~ T * X?fr~ IX ±i8"1 t~ 5E%~, rm s ~t!S 
%~ J: ~ {i & , 1YLl ~□ * I§ tum: 8"1 fffiB & o 
[0015J ~~Fh7r5EX.,*R~f~ffl8"1Jifr~*i:g. (~t!tt*fDl4~*i:g.) Jl~ ~*R~Jifr~ 
®l~~~:imtt*A~:im~:EIM~*x.ffl~~*x.offii~m-w:EIM~~.~~a~ffl~A 
q:i JEX.B"J13~®*i:g.@i:1§itM~~Jl~ i:j;ltaffi~®I±i8"11: rXq:t8"J* x.-~8"1* x.◊~~F 
~~JEX.,N~~%~:Etm1t~ttr~rt:~~rt:M~o 
[ oo 16J oo 1 Jifr ~ 8"1 ~xx 1Y!U H~£_§_ 1tt: 8"1-~ ~ 1JLl ti:~ JJW: 1JLl s"J mr i'fU l~ oo , ~ & i'fU oo ~A-A, B-B 

;fD c-c 8"1 f:trlL - ~9Jm l§ , ~ 1Jtl 'f1: ~ ~ 1JU ~ t!S M ~ 1f x,f w JJJB T 7G 1* 2 5 pg 8"1 _@ ~ ~ 30 ;fD 31 0 

lf:ljts=.7.60}Am7.:JL5offiEA,~ttnf*25olfm£7.60{itJ~:l:1!1:imttt:JFE(fL55t=lFt±:!7EW25o1!f 
vr, 4. f*1 om an f*2s pg 1'fl vr, tTEiJJ , 1s ~ ttm 8"1 ~ £J vr, m~ 7.60 8"1 tliE iJJ ~ 11: w ~mi~ :rt 8"1 YfE 
A-
Po 

[0011] ~□ *=z=J=ifi ffl. *i:g.lf±_l~7.6ofx.tl't~£_§_ 1tt:1JH~ m1mvr,m~~:im:x7. 0 2 ~□ i~vr,m 
~ 4. 60* ~~ ~ ~:1t! 8"17. ~ 5t ~ ~ &1:k1?., 1~ :ifri, 1t~, 7J(~4. fo ;ttfm~tv: 8"1 tfE~tm o ~ ff 
~□*XP!r ffl, *i13"1!flf E( 1*70PT~ tl't1I:1PJ4.~1mM, ;ltpJ~ :;@~~~:1t!7.1*8"1¥fE~1m~m 
~::@tif:7.~1mM ◊ttm:1:111, 1Iflf7. 1*7o~*~:x;8"J 1:k1?., 1~:ifri ,1t~~;tt1m~:1t!~~*iro 
[ 0018] * R ~ 8"1 ~ 1JU 'f1: ~ ml! 1JU pJ ~ ffl T ir:. ~JU$ $jll;j _t , f:itm:1:111 ir:. ~fr$ J9Y O ~ w 2 5 8"1 R 
'J fD tzJ m: PT ~ i&5E JvU~ r ir:. ~a$ J9Y J: o Jl:l 5'r , 7E 1* 2 5 8"1 R 'J PT ~ i&5E PXi ~ r ~ ~ 7. i}J tJ 
~piifJ~/J,f,t◊~1*25PT~tt-x13tHill26,fflr~~nW25i;:.~iU$mJ:o3tHiP268"1R'JfDtiJ 

m:m~i&JEM~~~JE~*m~*ffi·~~~k~~Ba$m1:~&r$mr1g~pg$JtS 
1!:f: ◊a~ff ~~m!!1JU q:i, ~W251:itm:1:fil~~, # H ~;J=t[2] fflfD;ltftfl1~~7.Z9JfJpiifJ~/J,f,r.8"J 
t~fil O n w 2 s m ~ ;J=t ~ ** 1~1~ ta ttJ rxJ,J .f!15fo slfi f!1 ~ n□ slti ttJ 1tt: , ~ * i>Jt EB t$ iJJ 8"1 $$jll;j 5 I 1-EQ 8"1 tJ 0 

~ff:1:111, H~£ii 1!:f:8"1 ~11fl$1!:f:PT ~ EB )E iiJ$[xj1J·r1:~:r,j;JEiJ.tzJM~~t! )EiiJ$[xj1J·r1:8"J:r,j;JEij., ~ 'ff:* 
i'Jt EB t$ i}J 8"1 $ m 5 I 1-EQ 8"1 tJ O Jl:l Yr , _@~£ii 1!:f: 8"17G 1* ;fD ~ ** $1!:f: pJ ~ * i'Jt tJ ' tm i}J ;fD ir:. ~fr$ 
$jll;jl:8"1 ;ltftflF.:t,!~:JL Wu~□' {B ~ft~-1!flp~ tu' 3tHtP265f;D~~£_§_ 1!:f:8"J;ltftfl $1!:f:PT ~t!Sffij~ 
m~;ttfw.~nt~lr.o 
[0019] ~□ OOJ=ifr~, tfijffi~A-A7j( f:1:1'1{:trr£_§_ 1!:f:q:i ,t,8"1 r~, #~1i:l:1!1~tt£_§_ ftf:◊ l¼ffi~B-B 

~~1i~rt18"1 ,# H7J(f:l:fil~tt£_§_ 1!:f:◊~J§, tfUffi~C-C~7j(f~rt] ~ ,# H fil7j(f:l:fil~tt£ii 
1!:f: o 001 q:i 8"1i'fUffi~fW ~~~~~1~i'fUffil~OO rm 1~!~ ~tJJ~U~rtJ o 
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[0020] 00 2 PfrlF 8"1 ~ 1B ~ 00 1 PfrlF~ ME 1Jtl 8"1 tfti 00 ~A-A tit~ 1% iU 8"1 fmU tfti fJ;l. 00 0 lf, m ~ 7. 60 
pJ 12), Jfil:UJtt 7. :JL50 JttAYrd,$:2 5 , rt§ TI pJ 12), lit~ rPJ ~ ,t-A D 7. ~ q:t , :3f H ~ u ~ 3f lf, ;mil[ 
(TOO 5tt~iJ7ffi~) J!:11z8"1 $,t-AD :JL200 q:t 8"1 ~,t- 0 l1'm~7.60{lt;i&:l:fu EB ~,t-~$,t-)x\,m 

1 oo~ 5 I , 1s ~)xi. m 1 ooill PT 12J, t&IE 1\f m **'iJJl1'm~ 7.60, ~~ JL ,t-Jxlm m r:ft'iJJ; ~ § r 0t 
£_§_,g. ofr~1~1E~MEvtl q:t, )xlflrn lOO{irrl±\ D 7.~p{tili:, l1'm~7.60~:tt$,t-l±\ D :JL201 q:t 8"1 
~,t-1'A3fl1'5m:itH,&:Y5(*fU l±\ o '7.~ P-1, ff Jl5m:ttt4~'7.:JL55l,&: §I~ l±\n1$25o 
[0021] :tz□ Tffii45tt~tvffi~8"1, AD 1L2ooto l±\ D :JL201 ~fr~ rHJF~31)affi{f5tt8"1* 
~3f ;Ef,jm:i1[7. f,$:J!:jm O tt:l&:l:fu, fr£_§_ 1tf::t§xtfmLtJl 1f yj~£_§_A D :JUfO l±\ D :JL (fr~:tJ;I.00 q:t * 
1F l±\) , ~ fr ~ r H 1F ~ 30 Fo 00 fr 5tt 8"1 * = 3f l1' 5m ii[ Ji: 5m o tt:l&:l:fu , :JL 20 o to 2 o 1 l2J, 1& .tit~* 
~ !EE 8"11J A 71\. ;ffj fr~ TH 7F ~30 I 318"1 ~/3l J: 0 :JL200/201 ft it ;l;f, m~ 7. 60 8"1 it~ :tin 1*25 
to3flf,;m:r1[, ff Jl~*J:~~1!fl1''7.1$70¥fE,g.~5ttA'if !t~ rAf!l 25 o 

[0022J $,t-~ rtm1tt: 11 o, fJt:i&tfu, ttzlr. fr'if it~ rAf! 125 P-J , i~Wtt~ r~ft125t1g n\Z T tm 
lf,7. {,$:70 l:fl l1'8"1 ~tf1171\. 0 ~ rtfflftf: l lOPT 12), '§;j:15~,t-~$ ,t-T Ju $1tf:: ~ i1!Rt~~' 1J2.*1n:tlm 
~ ' ~ -=f Ji w ff fit '~ !Jt ~ ~' ~£IX~ t1z Y5( ~ / ~JJ1 ~ 12), R. IE at to~ fffLl fR O ~ r$1tf: 110 q:t 
8"1 ~&~®tf111tf:PTl2J, ~ HJF~3ot031 ~J!:t1z o 

[0023J ~,t-~ $ ,t-Jxt. m9o PT 12), i41!f l1'7. f*10 0t 1:fl l1'ME1JQ fr~ rtmftt: 1101: 0 !art oo 7F q:i 
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SYSTEM FOR THERMALLY CONTROLLING AN ELECTRONIC 

DISPLAY WITH REDUCED NOISE EMISSIONS 

Inventors: William Dunn. Tim Hubbard, and Ware Bedell 

T echnlcal Field 

[0001] E)(emplary embodiments generally relate to cooling sys1ems and in particular 

to cooling systems for electronic displays. 

Background of the Art 

[0002] Improvements to electronic displays now allow them to be used in outdoor 

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

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

desirable to have displays which are capable of withstanding large surrounding 

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

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

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

become even more difficult. 

[0003] Additionally, modern displays have become extremely bright, with some 

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

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

areas where the display illumination must compete with other ambient light. In order to 

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

produce a relatively large amount of heat. 

[0004] Still further1 in some situatfons 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 increa5ed electronic display 

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

more heat will be transmitted into the displays. 
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[0005] Exemplary modern displays have found some effective means for cooling the 

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

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

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

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

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

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

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

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

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

[0006] When using LCD displays, it was found that backlights were often a source of 

heat and it was desirable to move ga.s 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 

[0007) In an aspect, there is provided an assembly for cooling an electronic image 

assembly within a housing having an inlet aperture for ambient gas, exit aperture for 

ambient gas, and internal cavity for circulating gas. The assembly comprises a first 

portion of a heat exchanger which accepts ambient gas from the inlet aperture. A 

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

channel is placed behind the electronic image assembly and in gaseous communication 

with the in let and exit apertures. A first fan is positioned between the first and second 

portions which forces ambient gas through the first portion, second portion, and the 

channel. A second fan forces circulating gas through the internal cavity and at least 

one of the heat exchanger portions. 

[0008] In another aspect, there is provided an electronic display assembly comprising 

a housing having an inlet aperture and exit aperture for ambient gas. An electronic 

image assembly is within the housing. A transparent front plate is in front of the 

electronic image assembly, and the space between the transparent front plate and the 

electronic image assembly defines a front channel. A rear plate is placed behind the 
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electronic image assembly, and the space between the rear plate and the electronic 

image assembly defines a rear channel. A heat exchanger is in gaseous 

communication with the front channel. The heat exchanger comprises two portions, 

each portion havrng 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 communlcation with the front channel. An ambient gas fan assembly is 

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 

is positioned to force circulating gas through the front channel and the second gas 

pathways. 

[0009] In another aspect, there is provided a thermally-controlled llquid crystal display 

(LCD) assembly comprising a housing having an inlet aperture and exit aperture for 

ambient gas. A LED backlight has a rear surface and placed within the housing. A 

liquid crystal display {LCD) has a front surface and placed in front of the LED backlight 

and within the housing. A transparent front plate is in front of the LCD, and the space 

between the transparent front plate and the LCD defines a front channel. A rear plate 

is placed behind the rear surface of the LED backlight. A plurality of ribs is placed 

between the rear plate and LED backlight, and the space between the rear plate, LED 

backlight, and ribs defines a plurality of rear channels. A heat exchanger has a first gas 

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

is in gaseous communication with the inlet and exit apertures. An ambient ·gas fan 

assembly is 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. A circulating gas fan assembly is positioned to force circulating gas through 

the front channel and the first gas pathways. 

[001 O] 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 

backlight cavity of the LCD. Because the gas is only circulating within the display, it can 

remain free of particulate and contaminates and will not harm the display. 
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[0011] Ambient gas may be ingested into the display in order to cool the circulating 

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

which will allow the heat to transfer from the circulating gas to the ambient gas1 

preferably withoui 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. 

[0012] In order to reduce noise emissions, the fans which drive the ambient and/or 

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

between two separa1e heat exchangers), which can then act as a muffler and. reduce 

the noise emitted by the fans. Further, if using the additional ambient gas pathway 

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

gas along an edge of the display and distribute 1his into a number of smaller flows, The 

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

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

ambient gas across the display. 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. 

[0013] It has been found that ingesting ambient gas from the top or bottom edge of 

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

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

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

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

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

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

portion of the display. Thus, the manifolds herein allow for cool ambient air to 

adequately cool the entire electronic image assembly in an even manner and reduce 

any 'hot spots' within the electronic image assembly. 

4 
STL~TCN/PCT-CDA 

CA 2809019 2017-11-28 

SEC et al. v. MRI 
SEC Exhibit 1022.5604 

IPR2023-00221



[0014] 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 rn the accompanying drawings. 

Brief Description of the Drawings 

[0015] 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: 

[0016] FIGURE 1A provides a front perspective view of an exemplary embodiment of 

the electronic display. 

[0017] FIGURE 1 B provides a rear perspective view of an exemplary embodiment of 

the electronic display. 

[0018J FIGURE 2 provides a rear perspective view similar to that shown in Figure 1B 

where the rear cover has been removed. 

[0019] FIGURE 3 provides a perspective sectional view along the A-A section line 

shown in Figure 1 B. 

[0020] FIGURE 4 provides a perspective sectional view along the B-8 section line 

shown in Figure 1 B, 

[0021] FIGURE 5 provides a perspective sectional view of insert C shown in Figure 4. 

[0022] FIGURE 6 provides a perspective sectional view of one embodiment of the 

cross through plate. 

[0023] FIGURE 7 provides an exploded perspective view of one embodiment of the 

heat exchanger. 

[0024] 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). 

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. 
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[0025] FIGURE 10 provides e rear perspective view of an embodimen1 using ·a single 

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

cover removed. 

[0026] FIGURE 11A provides a perspective sectional view of the embodiment from 

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

[0027] FIGURE 11B provides a perspective sectional view of insert B from Figure 

11A. 

Detailed Description 

[0028] 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. 

[0029] 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 referr~d to as 

being "directly on 11 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. 

[0030] It will be understood that. although the terms first, second, third 1 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. 
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[0031] Spatially relative terms, such as "lower", "upper" and the llke, 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 •·rower" 

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. 

[0032] 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 '1comprising," 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. 

[0033] Embodiments of the invention are described herein with reference to cross­

section illustrations that are schematic iilustratlons of idealized embodiments (and 

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

illustratlons 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 particufar shapes of regions illustrated herein but are to include deviations in 

shapes that result, for example, from manufacturing. 

[0034] For example, an implanted region illustrated as a rectangle will, typically, have 

rounded or curved features and/or a gradient of implant concentration at its edges 

rather than a binary change from implanted to non-implanted region. Likewise, a buried 

region formed by implantation may result in some implantation in the reglon 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 
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intended ta illustrate the actual shape of a region of a device and are not intended to 

limit the scope of the invention_ 

[0035] Unless otherwise defined 1 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. 

[0036] 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 1 0. Exemplary embodiments may use two pieces of glass laminated wit~ 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. 

[0037] FIGURE 18 provides a rear perspective view of an exemplary embodiment 

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

internal components of the display 100. 

[0038] 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 

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). 

[0039] 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 
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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 manlfolds 30 and 35. 

(0040] While both flows of ambient gas may be used in an exemplary embodiment, 

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

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

ambient gas 21 0 there is no requirement that they share the same inlet and exit 

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

ambient gas. 

[0041] 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 exrt 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 lnto the display. However, an 

exemplary embodiment would not be damaged if the ambient gas 200 contained 

contaminates as they would only pass through the heat exchanger 45 which may not be 

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

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

enter the display. 

[0042] An electronic image assembly 50 may be placed behind the front plate 10. A 

plurality of channels 60 may be placed behind (prefer~bly immediately behind} ihe 

9 
STL-TCNIPCT-CDA 

CA 2809019 2017-11-28 

SEC et al. v. MRI 
SEC Exhibit 1022.5609 

IPR2023-00221



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 21 D 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 surtace 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. 

[0043] 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, e 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. 

[0044] FIGURE 4 provides a perspective sectional view along the B-8 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 pf ate 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 ihe 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. 

[0045] 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 2i 1. As 

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

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

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

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

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

the electronic image assembly 50. 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. 

[0046] FIGURE 5 provides a perspective sectional view of insert C shown in Figure 4. 

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

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

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

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

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

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

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

ambient gas 210 to travel from the first manifold 30 into the channels 60 which run 

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

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

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

the front channel 251, cross over the ambient gas 210, and continue towards the heat 

exchanger 45. In this embodiment, a circulating gas fan assembly 255 is used·to draw 
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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. 

[0047] 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 ptates 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 coufd be 

used. 

[0048] 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 4 7 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). 

[0049] The ambient gas 200 travels through a first pathway (or plurality of pathways) 

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

pathway (or plurality of pathways) of the heat exchanger 45. Although not required 1 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-flow1 parallel flow, or counter-flow heat exchanger. In an exemplary 

embodiment, the heat e:xchanger 45 would be comprised of a plurality of stacked layers 

of thin plates. The p[ates 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 

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

gas and circulating gas to mix. 

[0050] 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). 

[0051] Other types of cross-flow heat exchangem 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. 

[0052] 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 row. 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). 

[0053] 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 backllght cavity is closed to prevent contaminates/particulate from 

entering the backlight cavity and disrup1ing 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 rnay 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. 

[0054] FIGUR.E 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). 

[0055} Also shown in Figure 9 is the optional additional flow of ambient gas 210 

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

first manifold 30, the ambient gas 210 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. 

(0056] 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. 

[0057] FIGURE 10 provides a rear perspective view of an embodiment 1000 using a 

single fan assembly 1050 to control the flow of amblent 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 

de$Cribe above, a circulating gas fan assembly 1105 may be used to draw circulating 

gas 1106 into and through the heat exchanger 1100. Further, another circulating gas 

fan assembly 1205 may be used to draw circulating gas 1106 through heat exchanger 

1200. The circulating gas 1106 may also be used to extract heat from various electrical 

components 1109. 

[005B] 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 11A-11A 

is shown cutting horizontally through the display embodiment 1000. 

[0059] FIGURE 11A provides a perspectlve sectional view of the embodiment from 

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

[0060] FIGURE 11 B provides a perspective sectional view of insert B from Figure 

11 A. The channel 1700 rnay 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 

1050 so as to direct the ambient gas within the channel 1700 and the heat exchangers 

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

not limited to: increased air flow, lass fan noise
1 

and a less expensive/lighter assembly. 

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

substantially parallel to one another. 

[0061] 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. 

[0062] The circulating gases and ambient gases can be any number of gaseous 

matters. !n 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 ciear, 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 1 water vapor, 

smoke 1 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 red.uce the 

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

that ambient gases could be drawn through the filter. However1 in an exemplary 

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

the ambient gase$ 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. 

[0063] The cooling system may run continuously. However, if desired, temperature 

sensing devices (not shown) may be incorporated within the electronic display fo 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. Typlcal thermostat assemblies can be used to accomplish this 

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

[0064] 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) 1 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 al$0 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. 

[0065] 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. 

[0066] Having shown and described preferred embodiments, those skilled in the art 

will realize that many variations and modifications rnay 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 whlch 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; 

a 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. 

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: 

20 
STL-TCN/PCT-COA 

CA 2809019 2017-11-28 

SEC et al. v. MRI 
SEC Exhibit 1022.5620 

IPR2023-00221



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 front 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. 

1 o. 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 OLED display. 

12. The electronic display assembly of claim 8 wherein: 
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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 rear channel and in thennal 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 electrontc 

image assembly. 

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 

betVlleen 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; 
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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. 

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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JP2004286940 

Dustproof housing heat radiating mechanism of plasma display panel display panel device 

Abstract 

PROBLEM TO BE SOLVED: To eff;ciently dete, the dustproof h,:,using ,:.fa piasp,a disc,lay c,anel (PDP) 

disp!ay device fn.1n1 ;fsi:19 fr; te::1pen:11Ln·e ;;nd to n1ak~ the dev:ce thin 

sc;U.JrlUN: The dustproof hOL:s;r,g heo, radiating rnechan;sm of the plasrnc-1 disploy panel display 

device :s equ:ppf~c.l \a\Jfth a dus~xoof cavf~:" 2 1Nhfch is fmed 10 the back of tt:e PDP c.lispby df~v:cf~ 110 

ccver a d:·scha•·9e oper:ing 1 b and an ai• :ritake 1 c prov:ded en t~•e bac~ side of the PDP display 

device 1, he~t mdia-::icn fo1s 3 which are prcvided to the bac~ side of the du::-tproof cove1· 2, a0 

:nternF!! fa;i 6 wfiich sends hot ;;ir, discharged fmrn the d:sd~a;ge r;pen:;ig ·1 b te :r;side tfie dL:stp;t1of 

,:over 2, ct.:t to the heat rad1at:or: fo7s 3, and an exterr:a! fan 7 vvhich caa:s the heat r~i:~iaticn f;ps 3; 

t!lld the t:ot air generated by the POP d:s~~)!ay device 1 are caa:ed by thr~ heat radiation fin:; 3 and 

external far: 7 and then the cooled a;·, ;,vhic~• is .:.k;cha•ged from ir: the heat n.=id;ation fins J to ;·riside 

the d'.mtpmat cover 2 i:, immd: . .JCr~d in the PDP dfsp:ay device ·1 from tt:e air f:~:tt!ke ·1c. 

C:OP'r'HIGHT'. (C:)2005,.JPO&~•JCll:•i 

lm:;1ges (3) F2rnily: JP {'I} 

2()()3-03-20 JP20030i7130A Withdrawn 

2004-10-14 JP2004286940A Applicalk;r, 

Claims (S) 

·1. .4 clmt cover mounted 01, ,he b,,ck cf the, plasm,, display p,,1,el d!:,play dev'ce so as tc cover the exh,,1,m pen pro'hfod en ,:·,e ,ear s'tfo of the plasm,, ,,ispl,,y p,-,el 

display device ar:d th,: intake port, the heat rad;·at1on ftnB pmvid,ed or: the back side of t~•e-proof dust cove• ;f, cotr:p•·iB1ng an internal fari for feeding the hot a;r is 

dis,:harged to the dust-p,o,:,f -:ove, from the exh'lLlSt port ,o the mdiacion f111s, and an ex,ernal f'ln for cod1-,g the radiation f10, and, 

Wherein the ref.lr side f.lbove the dvst-prrwf cever, the heat rad:r:1tion fois ir:!et for feeding hGt f.lir to the rwJiating fins :r;side f;t1n1 tfie dL:s1.p;t1of the r;over is p;.:.wided by the 

!Pterna: fan, ar:d ,:,0 the ba,:k s!i:~e t.:nde1· the dt.:st-:31-.:,c,f cover, the heat radiation t:r:s mdiating fo1s cutlet for discharging the inr:er vvith c,:,,:,!ed ail· from the heat r~i:~imir:g 

fo~:s into tt:e dustwoof cover fs prov:c.led. 

/\flH r.:oo:ing the hot ;;1r frorn the p!;;srna d;·sp!ay panel disp!;;y device by the heat ,·ad;ation fins ar:d th,: exten1;;! fan, air after cooling vvere dra;·ned to dust cover f,0101 the 

heat :·r.:ic.Hmir:g fo:s it f :; :r:troduced :ntc the ir:terior of the p:a:,1:-:a d:s~~)!ay ~~Janel d:sp:ay device frorr. the intake po~ dvstprccf cas:r:9 hem radit!t:011 rnect:an:sm In the 

p:r:1st:1a disp!ay panel displr:1y device, di;;rr:1Uerized in tfi;;t th~ so thr:1t r;onfjgur;;tir;n. 

Description 

[0001] 

B.4CKGROUl,D OF THE INVENTION 

~-he pr,esent ;·nvent;·ori, the t,ernperat:..ire •·iBe resulting in a p!aBrna display pane! d1sp!ay device upon a dust-proof str:..ictu•·e, it re!;;t,es to dust-proof hous;rig heal r;;diation 

rnect:an:sm of suppre:,sing thr~ plas:~:1t! display Pt!l:e: dfsp:ay device by the mdlatior:. 

[OIJ!J/i 

8.4CKGROU1,D OF THE INVENTIOl',I 

Cr;nver;tif;nt!!ly,;; p!asr7ir:I displr:1y p;;ne! disp!ay devir;e 1 Gf th~ du0t-pr0Gf s":nJU'.:t·e (hereinF!fr~t·, referred -ro as 1=·DP d:spiay devir;e) in, by r:1 as show;'; in F:G. 3 const:1.u1.:r;g 

the PDP diBplay dev;·ce, ;t has b,een subjected to interr:a! heat d;·ssipa1;·ori of-the d;sp!ay device 1 Spec;·fir.:a:ly.;; dust-p•·oof Bt•ucture ov,er the enti•e PDP d;sp!ay device 1 1n 
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a front p,rnei 12 and ,he housing 13, aPd the re,;1· surface heat exchange, (front p,;pei surfa,:e fac;mj the at the hous;pg 13) of the housi09 13 1 it by placing, it was 

cGrf~gured so as tG ~t::i1 her:1t :n the ho:isfr;g ·rite the !"J:itside. Then, the cor;fig:m:1tien d8sc;ibed F!btW8, fi;;ve enf.lb!ed th~ dustproof ;;rid he;;t diss:pffrion nfthe PDP 

d1sph.1y device 1. 

[0003] 

[Pr0b!eio1s that the ;riven1;·ori is to Solve 

However, screen size is !~rqe a screen ~rnd device !t::-e:t-::hin PDP d!sp:ay device, prone to !oca: temperature rise. :n such a ,:ase, :r. orde1· tc, err:::re!y ecol the inside of the 

dlsp!ay device using o r;onven-rional h~at dfssipatfor; systf:::1 as d~sc;fbed abtw~, It is necess;;ry to SH;L:re er;f;ugh nvrr:b~r of the f:r0t d~v:c~ i:nide the spatial ,,nh;rr;e -: 5. 

r:urther, since the efficiency becomes w,:,1·se in the heat exch~rnger ! 4, the he~t exchanger 14, the heating vai:...:e ,:,1· P7ore ceding capaci:y 1s required. in vievv of the at,ove, 

in -::he wio1· art,:-:: Ct!I: no-:: be efflcif~:·:t!y radiated PDP display device of the du:;tproof m;euc-::ure, a:so has r.:i problem thr.:it It can t!lsc be a di:,play device itself to be thin. 

[UDO.:!.] 

Accordi:·:gly, or. O~Jject of thf~ present l1wf~:·:tio11 is to sd-v·e -::he t!bove problems, d:...:st ~xoofmg bcx a:so can bf~ etf:ciently :-r.:ic.Hmir.g, 11:oreo'H:1· PDP dis-p:ay device capable of 

;edudng the thic:-:n~ss Gf th~ e;it:re device :r; th~ cos~ of the 1=·DP d:splay t!ppa;mvs has r:1 dL:st-p;oof struc-rur~ It :0 °:fJ provld~ the bGdy her:1t dis0ipt!tion r7iH;han:sm. 

[0005] 

:n n;der to solve the probl~ms] 

·re cichieve the obove object, the du.st-proof ho:...:s;·ng heat •cid1ation n1>2chan;·sm ir: th,: piasi,10 display porie! .:.k;p!ay device iJf th,: present 1nverit1on, th,: p!asio,a display 

pane! sc t!S- 10 cover-::he exhau:;t po;et provided on thf~ rea;e side ot-::he plasn1a dis-p:ay panf~! d:splay device ar.d the :n-::ake port a dint cove1· 11:oumed o:·: the back su:-face 

of t~•e display device. the heat rad;ating fins prov;·ded on th,: back side of the-proof du.st cov,er, and an internal far: for feeding the hot air i.s discharged tc th,: d:...:st-p•·iJiJf 

,:over frcrr. the exh~us-:: per:: -::o the radiaticn fo1s, 1,vherein radiatiPg t:r.s anda external fa0 fo1· coo:ing, wherein the back side above the dust-proof cover, the hea-:: radi~t1on 

fo:s inlet for feedi::g hot ;;if°:fJ the ;odiffring f:r;s i:nide from the dustproof the cuve; Is provlrfod by the :r;ten;r:1l fan, f.lnd the d::st-pn..:nf n;i th~ t·ea; Bide k1\ver covet~ the heot 

cadiat;on dustp,o,:,f ;pside cove1· the cooled air from the heat rad;ating fins in f10 Radiati09 tins exhaust poet is p,ovided fo, d;schacg;pg ,he hot air generated from ,he 

pl,i:,11:a di-,play panel ,,isplr,y device, aitec ccoling by the h,,at mdiatin9 fins ,,1,d ,he ,,:,tec:1al fa:-,, aher cooling which is dra!1,ed in1o ,:·,e dust-,xoof cove,· frcm the heal 

•odiatir:g f;ris a;·, n,ere ha.s been conftgu•ed to be ;·ritroduced ;rito the plasma .:.k;p!ay pane! display d,evic,e from the intoke p;,.vt 

[0006] 

Furthe:~ in the dustproof cosing fief.fr rt!diat:on mecfi;;nisn1 :n the p:;;sma d:splay panel disp:r:1y device of-rhe p;es~::t inv~ntinn, the dvst-prf;of cover, the pt!t·ti-rion wf.lH fnr 

blocking said exhaust port and ,he ;ntake port, by 1nclud;ng ,he ;nside of the dust cove1; the object !t 1s achieved. 

[OIJ!J/i 

f-urt~•er. ;·ri the dustproof cas;·rig hecil •odiation 101H...:han;·srn in th,: p!a.srna display pane! d;sp!ay device of th,: present inverit1on, the coc!;rig fan ;·s the iJbject by a flcw­

t:":1·0:1gh tar. i:; achieved and the hea-:: radiation fin:,, be providf~c! \flJith a bag-:,haped :;!:-:: B:...:t the abovf~-c!esc:-i~Jed objf~ct can be at-::ainec.L 

[UODB] 

~unher, ir. the dustprccf c~sir.g heat radiation mechanism ill the p!asrna disp:ay pane! disp!ay device of the presen-:: invention, and the exte1·0al tar., the tar. cover tc the 

ope::ing fo; ;·n;;in-rena;Ke provlrfod nn the back of the dus-r-prf;of cover is Kvt0ugF!e~Sl, fnrthe fan by rernuv:;ig the covet~ the t·eplocement of lm~rnF!! fa;is may be 

,:ont:gured so as to easily ::ir~ctice ,:,fthe dt.:st-pro,:,f ,:over. 

[0009] 

Dl:T/,ILED 01.:SCRIP::m, DI' THI:. INVU,JTiDN 

Here:r.after, the du:;t-proof ho:...:si1:g her.:it 1·t!C.Ha-:::cn :·:1echanis-m ot-::he PDP di:,play apparatu:, acco:-di1:g 10 an embodirr.f~:·:t of the pre:,em :n-v·em:cn w:!I be de:,cribed i1: 

detr:1i! with refere;K~ to F:G~;. i=ig::t·e 1 Is a Bide cross-sectio::al view shtw,;ing the f;onfjgur;;t!f;n of a dust-pt·oof hou0i::g he;;t rr:1diatio;i rn~char;ism nfthe 1=•DP dlsp!ay 

~pparn-:::...:s acccrdi0q to ar. eP7bodirnent ,:,fthe presePt invention, FIG. 2 is an en!arged v1e\o\' acccrdi0q to A arrm,v vievv of ~!G. Arrows 1n FIG. 1 indicate the t:cvv of the 

devic;e :nside th8 ai: 

[Llll10j 

[Configu,·,,t'on oi,he dl:m-pcooi hc1ning h,,,,t diss'pmion mechani,,11:] 

Dustproof cas;·ng heal •cid1atior: 101H...:han;·sm of-the POP di.splay apparatus acciJo'd;·ng to the pr>2ser:t e101bodiment, as .shown ;n !-=!G. 1, a du.st cover 2 is ottciched th•·cugh 

the spa,:er 9 on the back of the POP disc,lay ,;pparmus 1 further to the d;;stproof cover 2 ,he c,luraiity of heat radiation f10s 3 with a b,;9-shaped sl;t as shown ;i-, FiG. 2 is 

moL:nted Gn the :nner surface. With the f;onfjgvrntlf;n de0cribed ;;bf;11e, the PDP apporotus-: becf;mes being blGf;ked fror7i th~ outsld~ a:r, dust-proof s-rrnu::t·e nf a 1=·DP 

disp!ay i:~evi,:e ! is realized. 

[00·1-i, 

f-urt~•er. th,e inr:e• space of t~•e dust cove• 2 that ex;s-ts bet;,veen t~•e bac~ ccver 1 a p•iJvided ori the bcick s;de of the PDP display apparatu.s 1 and t~•e dust cove• 2, the 

~-)artition Vlt!ll 5 ~xov:ded In -::he :;ubstantit!lly horlzcntal directio:\ back CfNt::" 1 a t!I: uppe:- :;pace 2.a ot-::he PDP di:,play c!evice exha:...:st po1·t ·1 ~) s:de providf~c! abcve the, Is 

divided :r;to f.l kw,_1~t· spoc~ ?b of tfie pm:• display device inlet 1c side wh:ch is pm11ided bekw,; the ;e;;r cover·! f.l. Thu0, du0t-pr0Gf ho::s:r;g heat dlssip;;t!f;n mechr:1::is;·n 

ac,:or,:Jing to the pcese0t embodimei-,t has,; conf1g;;1·,;t1on in which isolation from ,he inlet 1 c and the exha;;st port 1 b of the PDP display device 1. 

[OIJ"l/i 

f-urt~•er. ;·ri the at'lOVe upper spcice '2.a, the reci• side ,·ad;ating fF• in!el 1 O is provided 1n, orid more the uppe•· .surfcice of the part;t1on 'Nali 5, the heat radiatiiJn ~ins ;·ritroducing 

:;ucked ar.d the ho-:: ai:- of t:":e he-:: ai:- c.Hscht!1·•~~ed from -::he PDP di:,play c!evice cutlf~t 1 b :nternr.:i! cros:,-tlm.-.1 fa:·: 6 t1cvvs- -::h;eo:...:gh the (c;eoss-f101N) 1ype having a :-o!e ot 

feed;·rig the n1.:Jut~• 1 Q to the radiating ~ins 3 1nsid>2 it is rnounted. 

[0013j 

Furtfier, :r; th~ lower sp;;ce ?b, the bock sld~ is pmvided w:tfi rr:1diating f!::s outlet ·i-:, r:1it· wfild: hos beer; f;ooled in the h~at rad:r:1tifJ:'l fon:; as rfoscr:bed !ater, the hef.lt 

r~i:~imicn f;ps -::hrct.:gh the heat radia-::ing fo1s cutlet 11 It is ccnfigured -::o be discharqed int,:, the dt.:st-:31-.:,of cover 2 fr,:,P7 the inside 3. 

[001,,J 

:-=u,-the•; the upper surface of the heot radiating nns 3, as o fan for cciJl1ng the •odiation f;ri 3, cross-fliJw ext,ernal uc.ss-tlo•N fori-; (cross tlo•N) type a•·e mounted. Mor>201Je•; 

-::he fa:·: cove1· 8 :s t!t'!t!ched to t:":e extf~1·:·:al crc:,s-·tlow fo1: 7 tcp. 

[01J"l5i 

!P the pre sen, emb•:":Jiment, the inside of the hem rad;at1on fins 3, the hot air fed fr,:,i-,, the inside of the dust cc,ver 2 ;s a sheet for to fl,:,w within the heat rad;at1ng fin slit 

F!S show;i by the brf;k.e;i l:ne ;;novvs :r; F!G.?.. -~ vvhich it is anw;f:ed AHhf;ugh th:s en:btxilrr;e::t L:ses a 0h~et -~- the hot ;;ir fod from the inside f;fthe dust f;over 2 is r7ief.lns 

to new ins;rJe the heat rad:o,;ng fin slit is not ii:n:,~d to the sheet it. 

[00"16: 

f-urt~•er. ;·ri the p•·esent en1bod1rnent, t~•e rear surface of the dust ccver 2, and the 101ointer:ance opening for exchang;rig mainteriance 1nsid>2 the dust covH 2, inspection 

~nd intern~! crcss-tlow fo0 6 (no-:: sh,:,1,vr.) is provided, wherein the tan cover 8, is :31-.:,vided so as to b:cc~ the rr.aiPtenar.ce openiPg. With the abcve ccnfiguration, an 

ope;mo; who perforn:s rr;r:1intenar;ce a;id i::spec-rion by t·emovlng the far; f;over B, :t becon:e0 possible tn er:1sHy pe;fot·m the exchange of the dust cover? :r;sitfa the inner 

crcss-tlm,v fop 6. 

[00"17: 

[Heot r,eleas,e proce.ss in t~•e d:...:sl-p•iJof ~•ousing heat d;·ssipa1;·ori rnechoriistr:] 

Next, -::he :":em ;eelet!S-e precess ~)y-::he dLim ·proot cr.:i:;ing hf~at rnd:atio:·: 11:echr.:i1:isrn of thf~ PDP display de-v·lce configured as de:;c;eibed t!bove wm be explained wit:": 

reference -ro Fl GS. 

[0018j 
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~irst, the hot ~1r h3s beer: sucked out of -::he PDP device outle-:: ! b, as ::-hm11m 1n FIG. 2, the i0ter0a! cross-t:ow fon 5 i::- discharged from the dust c,:,ver inside 2 to the 

;odif.ltir:g f:r;s J, i-r :s guided to th!: heot r;;diatien ~1n inlet ·1 D. Ther;, h;,Jt olr g:iitfad tG the radlr:1ti:19 foi i:1!et 10, as rfoscr:bed above, f:Gws Inside th~ he;;t rwJia1ing fin sHt by;; 

sheet.,::. as s~•owr: tJy the t'lroker: line a•rovv in HG. 

[0019] 

Here, ;,vhen f:ry,,ving insid,e the h,eat radiating fin slit hot a;·, os de.scribed obove, the hot air is coaled '•Jy heat cor:duct1on to the heat rad;·at10n ftn.s 3, orid w~•H1 the external 

cross-tlow fop 7 is outside aic ternpeca,;;1-e lower than the temperature ;p the ac,paratus by ii owing i0 the dire,:t1on of the solid ,;r,,:,w in FIG. 2, the heat rad;ation fins 3 

\',!F!t·::11:~d by heot co:1duct:<.;n as d8scribed F!btWf: i1 :::- F!!so coo!ed 

[0020] 

.4[:" coaled t!S de:,cribed t!bove, :-:: i:, disct:arged fron1 the hea-:: radft!tlng fin:, oLn:et ·1 ·1 in-::o the c.lus-:: cover 2 C Tt:en, r.:ifte:" ~Jeing d:scha:T~ec.l fr.to thf~ dust cover 2, :-:: :s 

introduced frarn the PDP display devk:e inlet 1 c ;·riside t~•e PDP disploy device 1. 

[002-i, 

na;s, tfie hot a:; hr:1s been sucked out Gf th~ PDP dev:ce nutlet ·1 b, by gnfr;g th:"!"J:igh ew;h p;ncf:ss of tfie F!btwf:, the t8mpera1Ln·e of th!: ai; :r;troduf;ed fren1 the PDP display 

device inlet le inside the PDP display app,;1-,;,Lls 1 ;s reduced Therefore, as,; result, the tempemture cise inside the POP disc,lay device 1, and ,hus are efiec,;·,!ely 

suppressed 

[Llll22j 

(Effect ot-::he f1:ventfo1:] 

;\B des,:::r;l,ed ab.:.we, ;:.H...:ccrding to the dust-proof ca.sing he;;t radiaticn rnechan:sm of the present :riventiori, il :s pcssib!e to dustprocfthe PDP disp!ay appa•·cltus, hot ;;Ir 

generated fcom the PDP ,:Jispl,;y device exha;;st port th cough the radiati,:,0 tin in the intec;,:,1- ,:.f the PDP displ,;y device until t,eing ;0,,oduced, the he,;, radiation 

tet::pe•atvre r;an be !ev/er~d by the fois F!nd tfie extern;;! cn.1s0-Am,v far;, it :s pos0ib!e to efflcier;t!y fr;cr~F!se i:1 ten1per;;ture of the suppt·es0io:1. Further, accr;rding to the 

dt.:st-:31-.:,,:,f casi0q heat radiation mechar:isP7 of the pre::-en-:: invention, :-:: is not necessary to se,:ure en,:,:.Jqh nt.:mbeI· space vcluP7e of the apparatus ,:an be 1·eai:zed even in 

-::he thickr:e:;s of the em::ee dr~v:cr~. 

[002J] 

r:urtt:e:~ £'.:!I: apenf1:g tor mainte:-:ance o:-: the br.:!ck of the c.lus-::-proof cover is providec.l, and by the fan cove:e-::o br~ KLitsugae~~ cut:,lde the cross-flow far: ~xovided so as to 

do0e the •·n;;intena•Ke ope•iing, ;;n operato• \',;ho perfnrrns rr;r:1intenar;ce a•id i:1spection, by re,·noving tfie fo:1 covet~ the excht!nge Gf i:1ternal crr;ss-1:ovv fan of int~rnF!! 

dt.:st-:31-.:,,:,f cover ,:an be easi!y c~1-r!ed o:...:-::, mainter:a0ce and inspection vvork is ei:rr:i0ated ca0 beccme complicated. 

tlR!fF Dt SCRIPTION OF THE DRAW!~•JGS 

1 is cl side r.:ross-.sectioncll vie\\' s~oo,,ving the conf;guration of;; dust-p•·ccf housin9 ~•eat radiclt:on mec~•anisn1 of t~•e PDP disp!;;y apparatus accordin9 lo an en1bod1ment 

:n dustproof ca.sing he;;t radiaticn rnechan:sm of the PDP display appa•·atus of !-=!G. 1. f-!G :s a ••1;;In pa•'t connguration enlarged view according to_,\ cl"'CW view for 

e>:pla:rn0q the c,:,ptig:...:ra-::icn of a main part. 

3 is a side cmss-seuiona: 11ievv sfiO\\ling r:1 dListp•nof fief.fr t"F!diat:on mecfi;;nisn1 of tfie cetw~:1tienal PDP display device 

DESCRIPT:ON QF SYMBOLS 

-1 .. plasn1a d'spiay pane; disp;ay device (PDP d'spiay device:,_ -1 a ... ,-,,,,i- covc,1-, 1 b ... PDP displ,,y d,,vic,, outle,, 1 c ... PDP d!:,play dev'ce in;et, 2 ... dus, cowo:; 23 ... uppc,:­

spclr.:e, 2b ... k.'l,,ver space, :3 ... •cld1ation fF•s 4 .. sheet, 5 . bu!k~•ead 6 .. inten1cll cros.s-f:o\11, fan,-; . ex1en1cl! cros.s-f:o\11, fan, U. fan cover, 9 ... spacer 1 Cl ... radi;;tor nn 

inlet, 1 ·1 ... cadi,,,o,- f;1,s cutlet, 12 ... front pane;, 13 ... ho1ning_ -14 ... heat exchange,-, 15 ... space. 
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COOLING SYSTEM FOR DOUBLE SIDED DISPLAY ASSEMBLY 

lnventor(s): Marcos Diaz 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] The application claims the benefit of US Provisional Patent Application 

No. 62/303,806 filed on March 4, 2016, which is hereby incorporated by reference in 

its entirety. 

TECHNICAL FIELD 

[0002] Embodiments of the present invention generally relate to cooling systems for 

electronic displays. 

BACKGROUND 

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

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

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

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

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

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

SUMMARY OF THE INVENTIVE CONCEPT 

[0004] Exemplary embodiments may comprise multiple separate flow paths for a fluid, 

such as air, through an electronic display housing. At least one path may be a closed 

loop and several other paths may provide open loops. The closed loop path 

preferably circulates through a sealed electronics compartment as well as pass 

between the electronic display(s) and a front transparent panel. A first open loop of 

ambient air may pass behind the first electronic display while a second path of 

ambient air may pass behind the second electronic display. In some embodiments 

the open loop air also removes heat from a thermal plate having electronic 
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components and in some embodiments the open loop air also removes heat from an 

LED backlight {or LED display). The fans can be positioned so as to precisely control 

the amount of fluid travelling through each path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] In addition to the features mentioned above, other aspects of the present 

invention will be readily apparent from the following descriptions of the drawings and 

exemplary embodiments, wherein like reference numerals across the several views 

refer to identical or equivalent features, and wherein: 

[0006] FIGURE 1 is a front perspective view showing an exemplary embodiment of 

the double sided display assembly, as well as the location for section lines A-A, B-B, 

and C-C. 

[0007] FIGURE 2 is a side section view of the embodiment shown in Figure 1, taken 

along the section line A-A. 

[0008] FIGURE 3 is a front section view of the embodiment shown in Figure 1, taken 

along the section line B-B. 

[0009] FIGURE 4 is a top section view of the embodiment shown in Figure 1, taken 

along the section line C-C and indicating the location for Detail A. 

[001 0] FIGURE 5 is a detailed section view of Detail A. 

[0011] FIGURE 6 is a partial exploded view of the embodiment shown in Figure 1. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENT(S) 

[0012] 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 
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complete, and will fully convey the scope of the invention to those skilled in the art. In 

the drawings, the size and relative sizes of layers and regions may be exaggerated 

for clarity. 

[0013] The terminology used herein is for the purpose of describing particular 

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

the singular forms "a", "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. 

[0014] Embodiments of the invention are described herein with reference to 

illustrations that are schematic illustrations of idealized embodiments {and 

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

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

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

limited to the particular shapes of regions illustrated herein but are to include 

deviations in shapes that result, for example, from manufacturing. 

[0015] Unless 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. 
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[0016] FIGURE 1 is a front perspective view showing an exemplary embodiment of 

the double sided display assembly, as well as the location for section lines A-A, B-B, 

and C-C. Generally speaking, an exemplary embodiment includes two displays 30 

and 31 positioned back to back and placed within a housing 25. An inlet aperture 50 

accepts a flow of ambient air 60 into and through the housing 25. The ambient air 60 

is preferably exhausted out of the housing 25 through the exhaust aperture 55. A 

closed loop flow of circulating gas 70 travels within the housing 25 as well, but 

preferably does not mix with the flow of ambient air 60 in any substantial manner. 

[0017] As used herein, the term ambient air 60 simply refers to common atmospheric 

air that would provide the surrounding environment for the assembly. This ambient 

air 60 is known to contain a mixture of different types of gaseous elements, as well 

as dust, dirt, pollen, water vapor, and other particulate. Also as used herein, the term 

circulating gas 70 can refer to any gaseous matter, which might be a mixture of 

different types of gases or could be a pure gaseous matter. Preferably, the circulating 

gas 70 does not contain substantial amounts of dust, dirt, pollen, or other types of 

particulate. 

[0018] Exemplary embodiments of the present invention may be configured for 

mounting to a vehicle, preferably to the roof. The housing 25 may be sized and 

configured for fitting atop a vehicle roof. Further, the housing 25 may be sized and 

adapted to minimize aerodynamic drag. The housing 25 may comprise a pair of feet 

26 for mounting the housing 25 to the vehicle. The feet 26 may be sized and 

configured to be secured to a vehicle's roof, or to be secured to internal supports 

placed on or within the vehicle. In such embodiments, the housing 25 is preferably 

thin and comprises rounded corners and other features to minimize aerodynamic 

drag. The housing 25 may comprise a variety of stiffening members to provide 
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structural rigidity and strength to accommodate the forces caused by a moving 

vehicle. Likewise, the various components of the display assembly may be configured 

or comprised of a sufficiently rigid material so as to accommodate the forces caused 

by a moving vehicle. Furthermore, the housing and various components of the display 

assembly may be configured to withstand the forces, vibrations, and other rigors of 

being mounted to a vehicle. For example, but not to serve as a limitation, the feet 26 

and other components of the display assembly may comprise rubber pads or other 

vibration and shock absorption devices. 

[0019] As indicated in the figure, section line A-A is positioned horizontally down the 

center of the assembly and cuts through the assembly vertically. Section line B-B is 

oriented vertically and cuts through the assembly horizontally. Finally, section line C­

C is oriented horizontally and cuts through the assembly horizontally as well. The 

section line arrows in figure 1 indicate the direction of hypothetical cut to obtain the 

section view. 

[0020] FIGURE 2 is a side section view of the embodiment shown in Figure 1, taken 

along the section line A-A. The ambient air 60 may enter the housing 25 through the 

inlet aperture 50, where it may then be directed into an entrance plenum, and pass 

through one of a plurality of entrance apertures 200 which connect with the open loop 

channels (described further below). The ambient air 60 is preferably pulled by one or 

more fans 100, but the fans 100 could also be positioned to push the ambient air 60, 

or several fans could be used for a combination of push/pull. In this particular 

embodiment, the fan 100 is located near an exit plenum, where the ambient air 60 is 

collected from the open loop channels by travelling through one of a plurality of exit 

aperture 201, collected within the exit plenum, and directed out of the housing 25 

through the exhaust aperture 55. 

5 

SEC et al. v. MRI 
SEC Exhibit 1022.5654 

IPR2023-00221



WO 2017/152166 PCT/US2017/020884 

[0021] As will be described further below, the entrance apertures 200 and exit 

apertures 201 are in gaseous communication with a first open loop channel running 

behind the electronic display 31. There is preferably another set of entrance 

apertures and exit apertures on the opposite side of the assembly {not shown in this 

view), which communicate with a second open loop channel running behind the 

electronic display 30. The apertures 200 and 201 are preferably distributed across 

the width of the electronic display 30/31 in a substantially equidistant manner from 

one another. The apertures 200/201 allow the flow of ambient air 60 to pass through 

the housing 25 and the open loop channels without substantially mixing with the 

circulating gas 70 or entering the sealed electronics compartment 125. 

[0022] A plurality of electronic components 110 are preferably placed within a sealed 

electronics compartment 125 which forms a part of the closed loop for the circulating 

gas 70. The electronic components 110 may comprise one or more of the following: 

power modules, video player, electronic data storage, microprocessor, 

satellite/wireless receiver/transmitter, and timing and control board. At least some of 

the electronic components 11 0 may be in electrical connection with the displays 30 

and 31. 

[0023] One or more fans 90 may force the closed loop of circulating gas 70 over the 

electronic components 110. While shown with two fans 90, this is not required. 

Additionally, while shown pushing the circulating gas 70 over the electronic 

components 110, this is not required as the fans 90 could also be positioned to pull 

the circulating gas 70, or several fans 90 could be used in a combination push/pull of 

the circulating gas 70. 

[0024] FIGURE 3 is a front section view of the embodiment shown in Figure 1, taken 

along the section line B-B. Here, the closed loop of circulating gas 70 can be clearly 
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shown. As mentioned above, the circulating gas 70 preferably travels over the 

electronic components 110 within the sealed electronics compartment 1 25 and then 

splits to wrap around each of the displays 30 and 31. Regarding the first display 30, 

a transparent panel 35 is preferably placed in front of the display 30 to define a closed 

loop channel between the display 30 and the transparent panel 35 for accepting 

circulating gas 70. Once the circulating gas 70 has travelled across the display 30, it 

is directed back in to the sealed electronics compartment 125 to begin the closed loop 

again. 

[0025] Similarly, regarding the second display 31, a transparent panel 36 is preferably 

placed in front of the display 31 to define a closed loop channel between the display 

31 and the transparent panel 36 for accepting circulating gas 70. Once the circulating 

gas 70 has travelled across the display 31, it is directed back in to the sealed 

electronics compartment 125 to begin the closed loop again. 

[0026] As shown, the flow of ambient air 60 is preferably split into at least two 

channels, with one open loop channel travelling behind each display. Regarding 

display 30, a path of ambient air 60 preferably travels between the rear surface of the 

display 30 and a thermal wall 126 of the sealed electronics compartment 125. 

Although not required, when using a direct LED backlit LCD as the display 30, the 

ambient air 60 preferably travels between the rear surface of the LED backlight 40 

and the thermal wall 126. As shown above, a plurality of electronic components 110 

are preferably attached to (or near) one or both thermal walls 126 and 127. In this 

way, heat from the electronic components 110 may be transferred (preferably through 

conduction but some convection and radiation may occur as well) to the walls 126 

and 127 and removed by the flow of ambient air 60. 
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[0027] Similarly regarding display 31, a path of ambient air 60 preferably travels 

between the rear surface of the display 31 and a thermal wall 127 of the sealed 

electronics compartment 125. Although not required, when using a direct LED backlit 

LCD as the display 31, the ambient air 60 preferably travels between the rear surface 

of the LED backlight 41 and the thermal wall 127. It should be expressly noted that 

although a direct LED backlit LCD is shown in these embodiments, this type of display 

and its associated backlight is not necessary tor every embodiment. The displays 30 

and 31 could be any one of the following: plasma, OLEO, LCD (direct lit or edge lit), 

LED, and any type of electroluminescent polymer display. 

[0028] FIGURE 4 is a top section view of the embodiment shown in Figure 1, taken 

along the section line C-C and indicating the location tor Detail A. In this figure, the 

two channels tor ambient air 60 behind each of the displays 30 and 31 can be seen. 

Again, preferably the two paths of ambient air 60 can remove heat from the electronic 

displays 30 and 31 as well as the electronics 110 (through the thermal walls 126 and 

127). 

[0029] FIGURE 5 is a detailed section view of Detail A. Once the ambient air 60 has 

travelled through each of the open loop channels, it can be gathered by the exit 

plenum and forced out of the display housing 25 by the tan 100. 

[0030] FIGURE 6 is a partial exploded view of the embodiment shown in Figure 1. 

This shows the stacking of the elements tor one side of the assembly, i.e. the 

components surrounding electronic display 31. The ambient air 60 is preferably 

directed through the entrance apertures 200 so that it may pass between the thermal 

plate 127 and the rear of the electronic display 31 (in this embodiment, the rear 

surface of the LED backlight 41 ). Once passing through the open loop channel, the 

ambient air 60 is preferably directed out of an exit aperture 201 so that it can be 
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collected in the exit plenum and exhausted out of the display housing. The circulating 

gas 70 generally encircles the open loop channel(s) having the ambient air 60. In 

other words, the open loop ambient air 60 passes through the center of the closed 

loop of circulating gas 70. 

[0031] As noted above, the circulating gas 70 preferably passes over electronic 

components 110, exits the sealed electronics compartment 125, travels between the 

front transparent plate 36 and the front of the electronic display 31 , eventually 

returning to the sealed electronics compartment 125. Again it should be noted that 

only one half of the embodiment is shown in this partial exploded view. Generally, 

there would be a second closed loop of circulating gas 70 travelling around the 

opposing display 30 and a second open loop channel for ambient air 60 passing 

behind the display 30, as shown and described above. 

[0032] It should also be noted that the variety of open and closed cooling loops that 

are shown in the figures may be shown in a horizontal or vertical arrangement but it 

is clearly contemplated that this can be reversed or changed depending on the 

particular embodiment. Thus, the closed loop may run horizontally or vertically and in 

a clockwise or counter-clockwise direction. Further, the open loop may also be 

horizontal or vertical and can run left to right, right to left, and top to bottom, or bottom 

to top. 

[0033] Having shown and described a preferred embodiment of the invention, those 

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

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

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

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

9 

SEC et al. v. MRI 
SEC Exhibit 1022.5658 

IPR2023-00221



WO 2017/152166 PCT/US2017/020884 

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 display assembly for mounting on a vehicle comprising: 

a first and second electronic display positioned back to back; 

a first and second transparent panel, each positioned in front of one of the 

first and second electronic displays; 

an open loop pathway located between the first and second electronic 

displays and configured to receive ambient air; 

a closed loop pathway configured to receive circulating gas and comprising: 

a first and second channel defined by the first and second transparent 

panels and the first and second electronic displays, respectively, 

and 

a plenum located between the first and second electronic displays and 

in gaseous communication with the channels; and 

a housing adapted to be mounted to the roof of a vehicle, wherein the housing 

and the first and second transparent panels create an enclosure 

substantially surrounding the first and second electronic displays, the 

open loop pathway, and the closed loop pathway; 

wherein the closed loop pathway and the open loop pathway are configured to 

transfer thermal energy from the circulating gas to the ambient air while 

not allow the circulating gas and the ambient air to mix in any 

substantial manner. 

2. The display assembly of claim 1, further comprising: 

a first and second thermal plate, each placed behind a rear surface of one of 

the first and second electronic displays. 
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3. The display assembly of claim 2, further comprising: 

a number of electronic components mounted to a rear surface of at least one 

of the thermal plates. 

4. The display assembly of claim 2, further comprising: 

a first and second open loop channel, each defined by the first and second 

thermal plates and the rear surface of the first and second electronic 

displays, respectively. 

5. The display assembly of claim 4, wherein: 

the open loop pathway comprises the first and second open loop channels. 

6. The display assembly of claim 5, wherein: 

the open loop pathway is configured such that ambient air travels horizontally 

through the first and second open loop channels. 

7. The display assembly of claim 1, wherein: 

the closed loop pathway is configured such that closed loop air travels 

vertically through the first and second channels and the plenum. 

8. The display assembly of claim 1, wherein: 

the open loop pathway further comprises: 

an inlet aperture located in the housing for ingesting ambient air, and 

an exhaust aperture located in the housing for exhausting ambient air. 

9. The display assembly of claim 8, wherein: 

the open loop pathway further comprises: 

a number of entrance apertures in gaseous communication with the 

inlet aperture and the first and second open loop channels, and 

a number of exit apertures in gaseous communication with the first and 

second open loop channels and the exhaust aperture. 
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10. The display assembly of claim 5, wherein: 

the closed loop pathway comprises a first and second flow wherein the first 

and second flows vertically encircle the first and second electronic 

display, respectively. 

11. The display assembly of claim 10, wherein: 

the first and second open loop channels pass through the middle of the first 

and second flows. 

12. The display assembly of claim 1, further comprising: 

at least one open loop fan placed within the open loop pathway and 

configured to propel ambient air through the open loop pathway. 

13. The display assembly of claim 1, further comprising: 

at least one closed loop fan placed with the closed loop pathway and 

configured to propel circulating gas through the closed loop pathway. 

14. A display assembly for mounting on a vehicle comprising: 

a pair of electronic displays placed back to back and having a front and a rear 

surface; 

a pair of transparent panels, each positioned in front of the front surface of 

one the electronic displays; 

a pair of closed loop channels, each located between one of the transparent 

panels and one of the electronic displays; 

a pair of thermal plates, each positioned behind the rear surface of one of the 

electronic displays; 

a pair of open loop channels, each located between one of the thermal plates 
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and the rear surf ace of one of the electronic displays, wherein the open 

loop channels are configured to allow ambient air to pass horizontally 

therethrough; and 

a closed loop plenum defined by the pair of thermal plates, wherein the closed 

loop plenum is in gaseous communication with the pair of closed loop 

channels; 

wherein the closed loop channels and the closed loop plenum are configured 

to allow circulating gas to pass vertically therethrough. 

15. The display assembly of claim 14, further comprising: 

a number of electronic components mounted to a rear surface of at least one 

of the thermal plates. 

16. The display assembly of claim 14, further comprising: 

a pair of closed loop fans spaced apart and configured to propel circulating 

gas through the closed loop plenum and the closed loop channels. 

17. The display assembly of claim 14, further comprising: 

an open loop fan positioned to propel ambient air through the open loop 

channels. 

18. The display assembly of claim 14, further comprising: 

a housing adapted to be mounted to the roof of a vehicle. 

19. A display assembly for mounting on a vehicle comprising: 

a pair of electronic displays placed back to back, the space between the 

electronic displays defining a gap; 

a housing configured to surround the electronic displays and be mounted to 

the roof of the vehicle; 
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a closed loop pathway that surrounds each of said electronic displays and 

travels through the gap; and 

a pair of open loop pathways that travel through the gap; 

wherein the open loop pathways and the closed loop pathway do not 

intersect. 

20. The display assembly of claim 19, further comprising: 

a pair of thermal plates located between the electronic displays and 

separating the open loop pathways from the closed loop pathway. 
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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.: 

1-13 & 19-20 

Remark on Protest □ 
□ 

The additional search fees were accompanied by the applicant's protest and, where applicable, the 
payment of a 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. 
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INTERNATIONAL SEARCH REPORT International application No. 

PCT /US 17 /20884 

-•••-continued from Box No. Ill - 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 fee must be paid. 

Group I: Claims 1-13, 19, & 20 appear to be directed towards at least a housing for an electronic display. 
Group II: Claims 14-18 appear to be directed towards a pair of thermal plates. 

The inventions listed as Groups I & 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. 

The special technical features of Group I are at least a housing adapted to be mounted to the roof of a vehicle, wherein the housing and 
the first and second transparent panels create an enclosure substantially surrounding the first and second electronic displays, the open 
loop pathway, and the closed loop pathway; wherein the closed loop pathway and the open loop pathway are configured to transfer 
thermal energy from the circulating gas to the ambient air while not allow the circulating gas and the ambient air to mix in any substantial 
manner, which are not present in Group II. 

The special technical features of Group II are at least a pair of thermal plates, each positioned behind the rear surface of one of the 
electronic displays; a pair of open loop channels, each located between one of the thermal plates and the rear surface of one of the 
electronic displays, wherein the open loop channels are configured to allow ambient air to pass horizontally therethrough; and a closed 
loop plenum defined by the pair of thermal plates, wherein the closed loop plenum is in gaseous communication with the pair of closed 
loop channels; wherein the closed loop channels and the closed loop plenum are configured to allow circulating gas to pass vertically 
lherethrough, which are not present in Group I. 

The common technical features of Groups I and II are a first and second electronic display positioned back to back; a first and second 
transparent panel, each positioned in front of one of the first and second electronic displays; an open loop pathway located between the 
first and second electronic displays and configured to receive ambient air; a closed loop pathway configured to receive circulating gas 
and comprising: a first and second channel defined by the first and second transparent panels and the first and second electronic 
displays, respectively, and a plenum located between the first and second electronic displays and in gaseous communication with the 
channels 

US 2011/0085301 A 1 (DUNN) discloses a first and second electronic display positioned back to back (dual electronic image assembly 
that are back to back; title, abstract); a first and second transparent panel, each positioned in front of one of the first and second 
electronic displays (illustrated figure 2A); an open loop pathway located between the first and second electronic displays and configured 
to receive ambient air (illustrated figure 2B); a closed loop pathway configured to receive circulating gas and comprising: a first and 
second channel defined by the first and second transparent panels and the first and second electronic displays (closed loop pathway 
configured to receive circulating gas and comprises left and right channels defined by the panels; figure 3C), respectively, and a plenum 
located between the first and second electronic displays and in gaseous communication with the channels (illustrated at 300 in figure 
3C). 

Since the common technical features were previously disclosed by DUNN, they are not special and groups I & II lack unity. 
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(54) Radiators and heaters for telecommunication equipment enclosures 

summary 

Page 1 of7 

Page 1 

A heat dissipating and heating device for a communication equipment enclosure is disclosed. This heat dissipating device has a plurality of PCBs and devices 
A communication equipment enclosure comprising: left and right side walls of a three-piece housing; outer air cy tinders 
An iuner air passage formed in each of the right and left side walls, an outer air passage extending from the lower end of the enclosure through an outer air passage, 
And the air inside the enclosure flows from the top to the bottom of the enclosure through the iuner air passage 
And a system shelf top fan that only operates to flow. In this heat generating device, the left and right side walls 
I. A communication equipment enclosure made of triple and having a plurality of PCBs and devices mounted thereon, the enclosure comprising a system shelf, 
At the lower end of the heat exchange plate and heat exchange plate which are spaced apart at regular intervals, 
And a heat generator. 

Representative figure 

3 

Specification 

Brief Description of Drawings 

I is a front view of a conventional communication equipment enclosure. 

2 is a right side view of another conventional communication equipment enclosure. 

3 is a right side view of a conventional large-capacity communication equipment enclosure. 

4 is a front view of a communication equipment enclosure according to the present invention. 

5 is a right side view of the communication equipment enclosure according to the present invention. 

Description of the Related Art 

10: cooling air flow passage 20: air suction part 
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30: 

50: Hull roof 

70: Top shelf 

100: Housing roof 

120: blower 

140: Back door 

160: Support 

180: Lower shelf 

200: PCB, device 

220: Top shelf 

240: Hull roof 

320: Rubber for leakage prevention, silicone 

340: blower for outer outlet 

40: External blower 

60: Internal blower 

80: Lower Shelf 

11-1 

110: cooling device 

130: Heat pipe 

150: enclosure 

170: Front door 

190: PCB, device 

210: suspended shelf 

230: Top cooling system 

310: Enclosure lid 

3 30: Blower for shelf exhaust 

360: Waterproof rubber, silicone 

Public utility model room 2000-0000118 

370: 

400: 

Roof enclosure 

internal air passage 

390: Rubber for leakage prevention, silicone 

410: Outside air passage 

420: Heat exchange plate 

440: separating wall 

460: PCB,Device 

480: Lower shelf 

500: Heat exchange plate 

520: internal air passage 

540: 

560: Chin for the room 

580: Back door 

600: Front door 

Detailed description of the design 

Purpose of Design 

430: Heater 

450: enclosure 

470: Support 

490: System shelf 

510: Outside air passage 

530: Rubber for leakage prevention, silicone 

5 50: Chinchilla chin 

570: 

590: Blower 

The technology to which the invention belongs and the prior art in the field 

The present invention relates to a heat dissipating and heating device for a communication equipment enclosure. In particular, 
Using a new heat sink convection structure using only the wall of the enclosure itself and a fan, 
Concerning a communication equipment enclosure having a triple-wall cooling device capable of stable heat dissipation in a consuming system (system) 
to be. 

1 is a front view of a conventional communication equipment enclosure. 
~onalrm:lmimtnimfiehelquij.Jnmhtlfilllllomrorwil.BfuxdeR.hibhcvaritlmepciatllrectirduiCiboards (PCBs) and units are mounted, 
An internal blower (Fan) 60 for convection of the heated air in the shelf, 
A cooling air flow passage 10 through which the air for cooling flows, 
An air intake part (20), a cooling fan for cooling the cooling air, and a cooling fan 
An air discharge unit 30, an external blower 40 for rapidly moving the warmed air, 
And an enclosure roof ( 50) called as a roof. 

Referring to FIG. 1, the cooling process of the enclosure will be described with reference to various PCBs mounted on the upper and lower shelves 70 and 80, 
Air is convected by the internal blower 60 existing inside the enclosure. The convective further 
The heated air is cooled through the heat exchange plate between the shelves 70, 80 and the airflow passage 10. At this time, 
Air is supplied from the outside through the air suction unit 20 existing at the lower end of the housing. 

When the hot air of the shelf and the cold air of the outside are exchanged through the heat exchange plate, 
By the convection, the air of the shelf goes down and the outside air goes up. At this time, 
When blowers 60, 40 are placed on the roof, rapid cooling and convection take place. 

FIG. 2 is a right side view of another conventional communication equipment enclosure, and FIG. 3 is a right side view of a large capacity communication equipme 
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~@IWlfflilhRi&I l®3~\lMlt!W~~oo',enml@Weln~l1:e10llll2,dWke1~ t~9warmed air from the device 
A heat radiating pipe 130 constituting a cooling device 110 for cooling the warmed air, 
A rear door 140 for drawing cold air outside through the heat radiating pipe 130, a support 160 for supporting the housing, 
And a housing roof (100) for protecting the front door (170) and the housing from snow and rain. 

3, a large-capacity enclosure applied to a system having a large power consumption is provided on a roof 240 of a general enclosure 

11-2 

Public utility model room 2000-0000118 

A separate upper cooling device 230 is attached, and the heat dissipation principle of the cooling device is used for a general enclosure 
The same as the principle of the cooling device. 

Referring to FIG. 2, the enclosure 150 includes a plurality of 
There are shelves 220,210 and 180 where PCBs and devices 190 and 200 are mounted side by side in this shelf, 
AIL The cooling device 110 is mounted on the rear door 140 of the enclosure to form an air flow inside the enclosure 
Heat is transferred to the outside of the enclosure. 

The air flow and the heat dissipating structure are formed by a heat dissipating pipe 130 assembled inside the cooling device 110, 
Heat generated in each PCB and devices 190 and 200 is transferred to the cooling device 110 
The flow blown by the blower 120 and moving in the direction of the arrow proceeds. A room inside the cooling device (110) 
The heat passing through the heat pipe 130 is cooled by the external cold air flow and continues to move to the bottom of the enclosure 
do. The airflow is continuously blown by the blower 120 inside the cooling device 110, 
So that heat exchange with the outside of the housing is made. 

However, the enclosure uses a cooling device or an air conditioner or a heat exchanger 
Air conditioners have problems with reliability and durability, and the air conditioner itself is likely to be heavy and expensive. 
The complexity and complexity of after-service (After-Service) costs a lot. The heat exchanger is reliable and 
The configuration is somewhat improved compared to the air conditioner, but it is still heavy, the structure is complicated, and it is expensive. 

Technological challenge to be devised 

Therefore, in order to solve the above-mentioned problems, the present invention has been made to solve the above-mentioned problems in view of the reliability, d 
Equipped with a triple-walled cooling system that enhances the weight of each unit and ease of after-sales service, 
And a heat generating device. 

Another objective of the present invention is to use only the wall and blower of the enclosure in which the PCB and the device requiring the cooling device are mou 
In the system which realizes a new radiating convection structure and consumes a relatively low power, a triple wall 
And to provide a communication equipment enclosure having a cooling device. 

Other objects and advantages of the present invention will become apparent from the following detailed description of the invention when read in conjunction with 1 
It will lose. 

Composition and action of design 

According to another aspect of the present invention, there is provided a heat dissipating device for a communication equipment enclosure, 
I. A communication equipment enclosure in which a plurality of PCBs and devices are mounted, 

Left and right side walls of the case made of triple; 

An outer air passage formed in the left and right side walls, respectively; 

An inner air passage formed in the left and right side walls, respectively; 

An upper fan operated so that outside air flows only from the lower end to the upper end of the housing through the outer air passage; 
And 

The air inside the enclosure is operated to flow from the upper end to the lower end of the enclosure through the inner air passage 
And a stem shelf upper fan. 

In this embodiment, sealing between the housing, the enclosure loop and the outer top plate to prevent air leakage 
Lt; I RTI & gt; 

The system shelves being spaced apart at regular intervals to cool the air exiting the shelf outlet 
Exchange plate; 

An outer air passage through which the air for cooling the heat exchange plate flows from bottom to top; 

An outer discharge unit for discharging air warmed up through the outer air passage; And 

And a roof for discharging the air from the outer outlet, 

The heat exchange plate is preferably shielded from the outside in order to protect the PCB and the devices from external environment, 

Preferably, the shelf outlet includes a blower for the rapid flow of air, 

The outside air is preferably introduced into the outside air passage, 

Preferably, the outer outlet includes a blower for rapid air flow, 

The roof is provided with front and rear surfaces of the housing so that the air escapes and water can not enter the roof 
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TR/ i66£ fs sealed to the right and left sides of the housing with a sealing material such as rubber or silicone to prevent water leakage. 
Directly, 

A bottom shelf that houses PCB s and devices that consume high power and have a strong structure in the outside environment; 

An air inflow part for introducing outside air into the lower end shelf; And 

11-3 

Public utility model room 2000-0000118 

And an air discharge unit for discharging the introduced air to the outside, 

The lower shelf has a separating wall at the top of the lower shelf to prevent heat from being transferred to the system shelf 
Lt; I RTI & gt; 

Preferably, the air inlet includes a blower for the rapid flow of air. 

According to another aspect of the present invention, there is provided a heating device for a communication equipment enclosure, 
In a telecommunication equipment enclosure in which a right side wall is made of triple and a plurality of PCBs and devices are mounted, 

System shelf; 

A heat exchange plate surrounding the system shelves at regular intervals; And 

At the lower end of the heat exchange plate, there is provided a heater for protecting the PCB and the devices during a cold weather. 

In the present embodiment, the heat radiator has a plate-like shape in order to increase the heating area and minimize the installation height 

In the following description, a communication equipment enclosure equipped with a triple-wall cooling device according to a preferred embodiment of the present i 
Many specific details, such as the structure and function of triple walls, provide a better overall understanding of the proposed design 
Respectively. However, for those skilled in the art, 
It will be apparent that the invention may be practiced without departing from the spirit and scope of the present invention. 

In addition, the features and functions of well-known communication equipment enclosures are described in detail to avoid obscuring the present invention 
, And for the same terms, English initials or Korean language interpretation terms shall be used for convenience of explanation and understanding. 

Fig. 4 is a front view of the communication equipment enclosure according to the present invention, and Fig. 5 is a right side view thereof. Referring to the drawing 
The construction of the present invention will be described. In a communication equipment housing 450 equipped with a three-walled cooling device according to ti 

A system shelf ( 490) for mounting PCBs and devices sensitive to external environments, a system shelf 
To the shelf outlet A blower (Fan) 330 for the shelf discharge unit for blowing air, 
In order to cool the hot air in the passages 400 and 520, the system shelf 490 is heat-
Plates 420 and 500, external air passages 410 and 510 through which outside air passes to cool the hot air, 
(Plinth: 470) equipped with a passage through which outside air flows, and a heat exchanger 
A ventilator (340) for the outer discharge unit for blowing the air on the roof; And discharging the warmed outside air to the outside 
An outer case discharging unit 540 and 570, a case cover 310 covering the upper end of the case 450, 
A housing roof 370, a lid 370 for preventing intrusion of snow and rain leaking into the housing roof, 
Jaws 550 and 560, a sealing material 320, 360, 390, and 530 such as rubber and silicone sealing the jaws for the room, 
A heater (430) for protecting the PCB/ devices, and a PCB/ device (460) resistant to the external environment 
A lower end shelf 480, an enclosure for receiving external air for cooling the PCB devices mounted on the lower end shelf 
A rear door 580, an air blower 590 for increasing the cooling efficiency by speeding up the flow of the outside air, 
The front side door 600 where the air cooled the shelf 480 is discharged, the heat exchange between the lower side shelf 480 and the system shelf 
And a separating wall ( 440) for blocking the separating wall ( 440). 

Referring to FIGS. 4 and 5, the operation of the communication equipment enclosure having the triple wall cooling device according to the present invention will bE 
The enclosure is constructed by three walls of the left and right sides of the housing, and two air flow passages ( 400, 410, 510, 5 20) 
. Here, the external air passages ( 410, 510) are arranged such that the external air is blown by the blower (340) 
And the iuner air passages 400 and 5 20 pass through only the top of the system shelf 490, 
The air inside the enclosure is designed to flow from the upper end of the enclosure to the lower end by the ventilator (330). With this desigu, 
The heat exchange efficiency in the heat exchange plates 420 and 500 at the left and right sides of the housing can be increased. 

In addition, a triple-wall structure and a completely enclosed roof 370, a housing 450 and a ceiling 550, 
And sealed with a sealing material such as a cone to have external air flow passages 410 and 510 and a sealing structure. In addition, 
In order to prevent the water from flowing into the inside of the roof through the outer discharge portions 540, 
The jaws 550 and 560 are provided on the front and rear surfaces of the housing and sealed. 

In addition, the heat generator 430 is installed below the internal air inflow portion at the lower end of the system shelf 490, 
In case you need heat. At this time, the heating unit has a large heating area and minimizes installation height 
A plate-like heat generator 430 is used. 

5, the external air introduced from the base of the housing is guided along the left and right passages 410 and 510, 
And is discharged through the outer discharge units 540 and 570. 

In addition, a partition wall 440 is provided under the plate-type heat generator 430 so that heat is transferred to the lower shelf under the housing, 
I will. 

Here, the PCB device mounted on the lower shelf consumes high power and has a strong structure in the external environment 
The outside air is directly blown from the rear door 580 to the front door 600 through the blower installed in the lower shelf, 
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Devices 460 are directly cooled. 
While the present itNention has been described and illustrated by way of example and with reference to the drawings, 
Various changes and modifications can be made within the scope of the technical idea of the present itNention. 
This will be obvious. For example, instead of using a flat surface as a heat exchange plate, 
It is also possible to increase the rate. 

Therefore, it should be understood that the present itNention is not limited to the particular form set forth in the specification, 
The claimed itNention is intended to cover all modifications, equivalents, and alternatives falling within the spirit and scope of the present itNention defined by the 

11-4 
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It is to be understood that the invention includes equivalents and alternatives. 

Effect of design 

The present invention operates as described above, in which the air flow in the inside and the outside is opposite to each other in the left and right sides of the housi1 
The heat exchange efficiency is high in the heat exchange plate because the heat exchange is performed in the thin heat exchange plate. 

Another effect of the present itNention is that only the internal and external blowers are used to cool the enclosure, 
The reliability of the cooling of the furnace is enhanced, the after-service is easy, and a separate heat exchanger is not attached, 
The cost of the apparatus can be reduced, and the cooling apparatus can be lightened. 

Another effect of the present itNention is that the air flow passage in the inside and the outside is sealed by a triple wall structure, 
It is possible to maximize the efficiency of use of the machine, and even if snow or rain, it is possible to perform excellent rain. 

Another effect according to the present itNention is that a plate heater is adopted for keeping the system warm, 
Less resistance to airflow, and less risk of fire or burns than coil-type heaters. 

(57) Claims 

Claim 1 

I. A communication equipment enclosure in which a plurality of PCBs and devices are mounted, 

Left and right side walls of the case made of triple; 

An outer air passage formed in the left and right side walls, respectively; 

An inner air passage formed in the left and right side walls, respectively; 

An upper fan operated so that outside air flows only from the lower end to the upper end of the housing through the outer air passage; 
And 

The air inside the enclosure is operated to flow from the upper end to the lower end of the enclosure through the inner air passage 
And a stem shelf upper fan. 

Claim2 

2. The airbag device according to claim 1, wherein the airbag is sealed between the enclosure, the enclosure loop, 
Heat dissipation device for enclosure. 

Claim3 

The method according to claim 1, 

A shelf outlet for discharging hot air of the system shelves upward; 

The system shelves being spaced apart at regular intervals to cool the air exiting the shelf outlet 
Exchange plate; 

An outer air passage through which the air for cooling the heat exchange plate flows from bottom to top; 

An outer discharge unit for discharging air warmed up through the outer air passage; And 

Further comprising a roof through which the air of the outer outlet portion escapes. 

Claim4 

The heat exchanger according to claim 3, wherein the heat exchange plate is made of a material that is shielded from the outside to protect the PCB and the devices 
Heat dissipation device for communication equipment enclosure. 

Claims 

4. The apparatus of claim 3, wherein the shelf ejector comprises a blower for rapid airflow, 
Heat sink. 

Claim6 

The heat dissipating device for a communication equipment enclosure according to claim 1, wherein the outside air flows into the outside air passage. 

Claim7 
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~daT§!hl!PParatus as claimed in claim 3, wherein the outer casing has a blower for rapid air flow, 

Claim8 

[4] The air conditioner according to claim 3, wherein the roof is provided with an air conditioner jaw so that air can escape and water can not enter, 
Installed heat sink for communication equipment enclosure. 

Claim9 

11-5 
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The roof according to claim 8, wherein the roof is formed of a sealing material such as rubber or silicone on the right and left sides of the housing for preventing wa 
Heat sink for communication equipment enclosure. 

Claim 10 

The method according to claim I, 

A bottom shelf that houses PCB s and devices that consume high power and have a strong structure in the outside environment; 

An air inflow part for introducing outside air into the lower end shelf; And 

And an air discharging portion for discharging the introduced air to the outside. 
Chi. 

Claim II 

11. The system of claim 10, wherein the lower shelf comprises a lower shelf to prevent heat from being transferred to the system shelf, 
A heat dissipation device for a communication equipment enclosure, provided at the top of the shelf. 

Claim 12 

11. The apparatus of claim 10, wherein the air inlet comprises a triple-walled cooling device with an air blower for rapid airflow, 
. Heat dissipation device for communication equipment enclosure. 

Claim 13 

I. A communication equipment enclosure in which right and left side walls are made of triple and in which a plurality of PCBs and devices are mounted, 

System shelf; 

A heat exchange plate surrounding the system shelves at regular intervals; And 

And a heater for protecting the PCB and the devices at the time of the cold in the lower end of the heat exchange plate. 
Thermal device. 

Claim 14 

[14] The apparatus of claim 13, wherein the heat radiator has a plate-like shape to widen the heating area and minimize the installation height 
A heating device for a communication equipment enclosure. 

drawing 
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!z4i2-r ~xi 

tJf Oa == mo1 _g_ 

gX1I 

~ = = 
PCB, ~xi 

38 ~_g_ 

21-8 !z4i 2.r ~xi 

8Xil CCJJ, ---,= 

'--'-- ~.Xlg ~~' @I 2.1 e ---,---, 

'--"- ~.Xlg ~~' @I 2.1 e ---,---, 

2.1-'¥' #JI ~~ 

~~JI 

8Xil 

tgJ-~ 

Al::::::§J ~~ 

2.1-'¥' ~JI ~~ 
'--'-- ~.Xlg ~~' @I 2.1 e ---,---, 

tj~~Q. =---,= ~ 

21~ ~H~-'¥' 

'$3]1 

g .::i:12_!-g ~t.! ~t:JI gJ!lg ~~ ~ ~~~xlOil t!:!-21- 3:1010. §;al ~4 ~xlJf ~221- £1~,'.~..XfJf @I 
~ £le 8Xil .Xfx112.I t::!:!ilf '$3Jl(Fan)e__i-~ Olg2!- AH~g ~~ CHW :::;:i.::I.@ Afgof():j tllill~ .X-l~~~ 
::i.2afe Al::::::§J(System)OilA--l 0~~21 ~~~ afe 33'::!:! ~4 ~xi@~~ ~t.! ~t:JI 8X1IOil t!:!-21- 3:1 
010 . 

.5:. 1 g i§2.H~ ~t.! ~t:JI 8Xil~ ~12:!S:.OIO. 01@ :g-.::;:i~ i§2.H2.I ~t.! ~t:JI 8Xil@ ~~afe:!. i§2.H2.I 
8X1le 2-fi§ PCB(Printed Circuit Board). ~xl(Unit)~OI @!~ £le 21-8 ~_g_(70)2.f af8 ~_g_(80), 
21-JI ~_g_OilA--l Jf~-§ #JI@ CHW Al3IJI fl2!- LH-'¥' '$3Jl(Fan : 60). 21-JI Jf~-§ #JI@ ~4Al3IJI 
fl2! #]l]f 2.~e ~qg #]I Q~ ~~(10), ~DI ~qg #]l]f ~ODfe 8Xil tgJ-~ ~Oil flXl2!­
#]I ~gj-'¥'(20), 21-JI ~2-fg #JIJf ~421- ~ C--lf~~ #JI@ 2.1-'¥'~ ~H~afJI fl2!- 8Xil .Xl'@Oil flXI 
21- #]I ~H~-'¥'(30), 21-JI [--jf~~ #JI@ t.!~al 5~01Jil afe 2.1-'¥' '$3]1(40)2.f 8Xil@ t:Jl~-'¥'E-l ~ 
.2.afe 8Xil .XI '@(50) ~ :::;:i.t:JI af():j 01 ~OfZ::1 Cf. 

21-JI 8Xil2.I ~4 ilf~ ~ .5:. 1 ~ :g-.::;:i~ ~ ~ afe:!. 21-8 · af8 ~_g_(70. 80) Oil @I~-§ 4§ PCB2f ~xi 
~Oil 2.loH [--j-9~:zs.! #]le 8Xil LH-'¥'0il eJ.:Hafe LH-'¥' '$3]l(60)0il 2.loH CHW 21-0. 21-JI CHW afe [--j 
f~~ #]le ~_g_(70, 80)2.f #]I 2.~ ~~(10) AfOl2.I ~ill-@ B~ ~oH ~480. Ol[H [--j-9~~ #]I 
@ ~4Al3le #]le 8Xil af80il eJ.:Hafe #]I ~gj-'¥'(20)@ ~oH 2.l-'¥'0ilA--l #~-§Cf. 

015'.:~ g ~_g_2.1 [--jg #]I 2.f 2.l-'¥'2.I ~ #]I ]f ~ill-@ B~ ~oH ~ill-@01 01 ~op:::i 12:!, '$3]1 ~ 212!- s 
J.:-ll CHW 2121-0il 2.loH ~_g_2.1 #]le Of2.H~ LH2.Df.::i:l, 2.1-'¥' #]le fl~ ~2.f:z_i-0. Ol[H, ~_g_£f 8Xil 
.XI '@Oil '$3JI (60, 40)@ <g-12:!, HHfe ~2-tilf CHWJf ~ OH::_i-0 . 

.5:. 2 e Cfe i§2.H2.I ~t.! ~t:JI gJ-JI -'=f'-~12:!S:.Ol.::i:l, .5:. 3 g [Hg3' ~t.! ~tll gJ-jl2.I -'=f'-~12:!S:.OIO. 01 
@ :g-.::;:i~ i§2.H2.I Oe 8Xil~ :::;:i.~~ ~~afe:!. i§2.H gJ-Jl(150)e, 21" · 3 · af8 ~_g_(200, 210, 180) 
Oil @!~Sle 4§ ~t.!g PCB· ~xl(190,200), 21-JI ~XIOilA--l Lf.2.e [--j-9~~ #JI@ ~4 ~xl(110)~ 
§Oi~Ole '$3J1(12oi. 21-JI c-,-9~~ #JI@ ~safe ~s ~x1(110J@ :::;:i.~afe ~~ mo1_g_(130), 
21-JI ~~ mo1_g_{130)~ 2.l-'¥'2.I ~ #JI@ §Oi~Ole ~g(140), 21-JI 8Jil@ tgJ-xle tgJ-~(160), 
~g{170)ilf gJ-ll@ ~ · tll~-'¥'E-l ~.2.afe 8Xil .Xl3'(100)~ :::;:i.t:Jlaf():j Ol~Oil:10. 
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~ JH ~ g-tJ 8~2000-0000118 

~5=.21 88 \.c!.!2..)- ~5'.:1(230)@ ofLf [---J ~~2 ~s:2.~. \.c!.!2..)- ~5'.:121 ~\g ~cle ~\:'._I- gX-JIOJI Afg£Ie 
\.c!.l 2..)- ~ xi 21 ~ cl 2f § ~ of Cf . 

8]1 gX-JI@ 5=. 2@ :g-.::i}~ ~2:!ofl22, ~Ii:JI§ gX-Jl(150) LH~OJle 8ot~ 12:!~~s:2.~ ~~£le Cf4'2I 
~_g_(220, 210, 180)]f VeC:11 PCB~ ~5'.:1(190, 200)~g 01 ~_g_ ~C~I ±f+~ Lfe-ol Cf4'JH]f ~~§ 
Cf . .::Jcl.::il \.c!.!2..)- ~5'.:l(110)e gX-1I2I ~g(140)0JI ~~£I0-l 5=. 2 OJI LfEf\:::!- #JI 2~:J'.:18 gX-JI LH~2I 
\igOI gX-JI 21~~ ~'.§£IJ-il §Cf. 

8]1 #]I 2~::ilf ~\g ::;:i~e \.c!.!2..)- ~5'.:1(110) LH~OJI ~~§ ~\g moI_g_(130)0JI 2lof0l gX-JI LH · .2.I~ 
21 \ig:iil@OI Ol~O-lAleC:1I 2..)- PCB2f ~5'.:1(190, 200)0JIA---l ~~el- \igg \.c!.!2..)- ~5'.:l(110)0JI ~~§ 
~3]I(120)0H 21ofQ:j ~3£I0-l .sf~H. ~gj's:2.~ Ol§ofe 2~01 ;,;:_lg!§Cf. \.c!.!2..)- ~5'.:1(110) LH~2I ~ 
\ig moI_g_(130)@ ~::ilfofe \igg 21~21 :,::-jg #]I 2~0il 21oH \.c!.!2..)-£I.::il gX-JI of8~~ J1I~ Ol§ofJ-il 
§Cf . .::Jcl.::il Ol2f gg #JI 2~g \.c!.!2..)- ~5'.:1(110) LH~2I ~3Jl(120)0il 2loH ~301 J1I~£I'21A---l 2 
.@ofJ-il £I.::il [[fcfA---1 gX-JI 2I~2f \ig:iil.@0I Ol~0-17:::IJ-il £le ~OICf . 

.::J.2--1Lf, 0JI gX-Jle \.c!.!2..)- ~5'.:I@ ~~ OJIO-l=l!CIML---l(Airconditioner)Lf \ig:iil@JI@ AfgofJ-il £IeC:II Oil 
O-l=l!CIML---12I ~+ ~~~::ilf LH::;:i~OJI g;i::il]f 51.::il, OilO-l=l!CIML-1 AfX-llJf ¥~.::il .::ilJfJf £!JI "?-l+m ::;:i 
~Jf ~~of.::il OH_g_E1A1tll~(After-Service) ~'210JIA---l5=. 2,fg tllgOI ~~el-Cf. \ig:iil@Jle ~~-1~::ilf LH 
::;:i~g OJIO-l=l!CIML10JI tlloH Cf:::1:: g}0SILf Q:j~ol ¥~.::il ::;:i~]f ~~ofm .::il]f]f £le gx-1I~0I 52,I_Cf, 

[[fcfA---1 e"' .::il 2.)-g ~DI 2f gg gx-1I~ ~ oH ~ of ]I -9-I ofOl, \.c!.!2..)- ~5'.:121 ~~ ~, LH::;:i~, X-1I ~ tll g, \.c!.l 
2..)- ~5'.:121 :;i::f:t-ll ¥J-il, OH~E-1A---ltll~21 gOI~~ ~2.! 33>::!:: \.c!.!2..)- ~5'.:I@ s£~. ~~ ~tll gX-Jlg ~\g 
~ ~\g ~5'.:I@ X-1I #ore ~ ~ §f~ s:2.~ el-Cf. 

e"' .::iJ.2.!-2I Cfe §f~g \.c!.!2..)- ~5'.:l]f ~.2.e!- PCB.2.f ~5'.:l]f ~~Sle gX-JI AfX-1I2I t::!:;::ilf ~3]ieJ-~ Olge!­
AH~g ~\g CH-W ::;:i~@ ~e'!ofQ:j tll:iil~ A1~~~ :::1::2.ofe Al~§OJIA---1 2.!-8~2.! ~\g~ ofe 33>::!:: 
\.c!.!2..)- ~5'.:I@ 5£~ ~~ ~tll gX-JI@ X1l#ofe ~OICf. 

e"' .::iJ.2.!-2I Cfe §f~::ilf ~~g Of2.H2I .::iJ.2.!-2I 0A-112 ~2:1~ ~i.::il Of2.H2I 5=.122~ :g-~ofl22 ~Cf 2:!t:!!loH 
~ ~01 Cf. 

8]I2f gg §f~~ \§~of]! -9-lofOl e"' .::iJ.2.!-0JI ITfe ~~ ~tll gX-Jlg ~\g~J'.:I2I t:Jfg~e)- ~AIOlle. 
Cf4'21 PCB2f ~5'.:I Jf ~~£1 e ~~ ~tll gX-JI OJI 510-l A---1, 

2l~#]l]f 8]1 tlf~~ #]I~~@ ~oH 8]1 gX-JI of80JIA---l 88.'.2.~eJ- 2~5=.~ <Q-§ofe 88~0:!; 
DI 
sac 

8]1 gX-JI LH~#]l]f 8]1 2.!-~ #]I~~@ ~oH 8]1 gX-JI 080JIA---l of8S2.~e_l- 2~5=.~ <Q-§ofe Al 
~ § ~ _g_ 08~0:! ~ ::;:it:JI ofOl OI ~0-l ;,;:_i Cf. 

g ~AIOllOJI 510-lA---l, #]I f-"i'@ Q,f]l-9-loH 8]1 gX-JI, gX-JI ~_g_ ~ 21~88 AfOI@ ~§5'.:-1clofe ~ 
01 t:Jfg~ofm, 

8]1 ~_g_ tJH~~@ ~oH LH~ #]I@ \.c!.!2_/-of]I -9-loH 8]1 Al~§ ~_g_@ ~82 :zJ-2:l~ ~.::il ~2--1~ \ig 
:iil.@ 8: 

0JI \ig:iil@ 8~ \.c!.!2..)-ofJI -9-12!- #JIJf OfcH~~E-1 -9-I~ 2~e, 2I~ #JI ~~; 

8]1 2I~ #]I ~~@ ~oH [---J-9-~;,;:_I #]I@ -9-I~ tJH~ofe 2I~ tJH~~: ~ 

0JI ~_g_ tJH~~e. #Jl2I ~~2!- 2~~ -9-loH ~3JI@ ::;:it:Jlofe ~01 t:Jfg~ofm, 

.2.l~#]le 8]1 t:lf@~ #]I ~~~ ~gjSle ~01 t:Jfg~ofm, 

0JI 2I~ tJH~~e #Jl21 ~~2!- 2~~ -9-loH ~3JI@ ::;:it:Jlofe ~01 t:Jfg~ofm, 

8]1 7:::l~OJle #]le HHfA~Lf]f.::il ~g ~0-l~ 4' Si-5::.~ ~+§ ~01 gX-Jl21 ~~122C~I ~J::I£Ie ~01 
t:Jfg~ ofm, 

8]1 Al~g f-"i' ~7:::1@ -9-loH gX-ll ±f+~OJI .::il¥Lf ~cl~ §21 ~§XH~ ~§5'.:-1cl]f £le ~01 t:Jfg 
~ofm, 
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~ JH ~ g-tJ 8~2000-0000118 

8JI of8-"F ~E.e. Al::'.'::.§ ~E.~ \§01 ~§£le 3::'~ Q,1-JI ¥1oH ~cl~~ of8-"F ~E.~ 880il ::;:it:JI 
Ne 3::' 01 t:JfEJ-~ af □=l, 

8Jl2!- CfE ~~~ §8orJI ¥12!- e .:;]_2)-0JI CCfE ~6.! ~t:JI gX1lg 'gJ-\§~XI~ t:Jfg~2)- ~AIOlle. ±f 
+~~01 35.'2~ J:1l<Q-SI.:;}, Cf*2-I PCB2f ~xlJf ~~£le ~6.! ~t:JI gX1IOil VOiA-1. 

e ~AIOllOil VOiA-L 8JI 'gJ-\§Jle. 'gJ-\§ 121~~ !ftlJil of.:;} ~xi ~01@ ~C:::::.sfofJI ¥1oH -8 2~.'2~ 
01 ~Di XI e 3::' 01 t:Jfg~ of Cf. 

ofJI ~\sOilkJ e .:;}2)-~ t:JfEJ-~2!- ~AIOllOil CCfE 35~ \.414 ~xi@ ?d"~ ~6.! ~t:JI gX1IJf ~-"F§ .5=. 
121~ :g-~~. 35~2-I ::;:i~sJ Jl6 §ilf ~g e,,t-g ~2 8/dl~OI e .:;}2)-~ S:!.Cf ~\:'._1-~2_1 OloH@ J:.11~ 
ofJI ¥1oH LfEfU VCf . .::J.2.-JLf. §oH Jl~~OFOil ~~§ Xf~OJIJil VOiA---Je e .:;}2)-01 012.-12!- 8A1l2!­
g~~OI SiOi.5=. 8Jl2!- e .:;}2)-2-1 JI~~ Af80il 2-loH ~~al ~Al"§! * VCfe 3::'01 \st:J.!:l~ 3::'0ICf. 

±-2!-, ~ ~2.~~ ~6.! ~t:JI gX112-I ~~ ~ Jl6~g e .:;}2)-~ 22.ofXI f',tJil ofJI ¥1oH 8A1lol ~\sof 
XI f'J.'20:l, §~ gOiOJI CHoHA---Je ~\s ~ OloH2-I E:!2-18 ~g DILi~ ±-e ~Di oH~gOi@ ~g2!-Cf . 

.5=. 4 e e .:;}\2.!-0il 2-12!- ~6.! ~t:JI gX112-I 2121.5=.0I.:;}, .5=. 5 e .:J. +~121.5=.0ICf. 8JI .5=.121~ :g-.:;}~ 
e .:;}2)-~ ::;:i{g~ ~\sofl21. e .:;]_2)-0JI 2-12!- 35~ \.414 ~XI@ 9~ ~6.! ~t:JI gX11(450)e, 

21-"F @80il e.Js2!- PCB2J ~xi~~ ~~ofe Al::'.'::.§ ~E.(System Shelf : 490). 8JI Al::'.'::.§ ~E.OilA---J 
Lf.2.e c--,g ~JI@ ~E. tJH~-"F~ '$3Al3le ~E. tJH~-"Fg '$3Jl(Fan : 330). 8JI LH-"F ~JI 
~~{400. 520)2-1 c--,g ~JI@ \.414Al3IJI ¥1oH Al::'.'::.§ ~E.(490)@ ~~2!- l.!-2:l~ ~.:;J_ ~c-H!l \§iil@ 
-8(420, 500). 8JI c--,g ~JI@ \.414Al3IJI ¥12!- 2-l-"F ~JIJf XIUJfe 21-"F ~JI ~~{410, 510), 8 
JI 2-l-"F ~JIJf ~gjSle ~~Jf ::;:it:JI§ gX1I igJ-~(Plinth: 470), LH-"F ~Jl2f2-I \§iil@.'2~ C--,¥~~ 21 
-"F ~JI@ Xl~¥1~ '$3Al3le 2-I~ tJH~-"Fg @3Jl(340); 8JI [---J-'?H:! 21-"F ~JI@ 2-l-"F~ ~~ofe 
21 ~ tJH ~-"F{540. 570). gX1I (450)2-1 88~ ~e gX1I ~~ (310). 8JI gX1I@ ~ · t:JI ~-"FE-1 S::2.ofe 
gX1I Xl~(370). 8JI gX1I Xl~.'2~ '=r=-* Sle ~ · t:Jl2-I ~gj~ Q,1-e ~~{370)LHOil eJ:Hofe ~+g 
~ ( 550. 560) . 8 JI ~ + g ~ ~ ~H'§ of e .:;] -'f'- · ~ cl e § ~ ~ § J:.H ( 320. 360. 390. 530) . ~ 21- J I [H 2-I 
PCB· ~xi~~ S:!.2.ofJI ¥12!- 'gJ-\§Jl(430). 21-"F @80il CH2!- LH{gOI s2!- PCB· ~xl(460)~~ ~~ofe 
of8-"F ~E.(480). 8JI of8-"F ~E.Oil ~ ~§ PCB · ~xi~~ \.414of JI ¥121- 2-l-"F ~JI Jf ~Di .2.e gX1I 
2 g { 580), 8 JI 2-I -"F ~JI ~ 2_ § ~ ~ cl of~ \.41 4 2 ~ ~ ~ 0 I e '$ 3 JI ( 590), 8 JI of 8 -"F 
~E.{480)@ \.414AI~ ~JIJf LfJfe gX1I ~ g{600)ilf ~DI of8-"F ~E.{480)5:f Al::'.'::.§ ~E.2-I \§iil@ 
~ Q.)-e ~2-1 ~ {440)~ ::;:it11 of~ 01 ~Di~ Cf. 

e .:;}\2.!-011 2-12!- 35~ \.414 ~xi@ ?d"~ ~6.! ~t:JI gX112-I §<Q-~ .5=. 4 2f .5=. 5@ :g-.:;}~ ~\sofl21. e 
gX1le gX1I ±f+~2-I ~~ 35.'2~ J:.1l<Q-of~ ~JI 2_§ ~~ 2JH(400, 410. 510. 520)@ ±f+~Oil 44 
gj{g2!-Cf. ~JIA---J 21-"F ~JI ~~(410, 510)e 2-l-"F~JIJf 21~ tJH~-"Fg ';$3Jl(340)0il 2-loH gX1I of8 
OJIA---J 88.'2.~eJ- 2_~0:l LH-"F ~JI ~~{400, 520)e Al::'.'::.§ ~E.(490) t:Jf~ ¥1011 ~~§ ~E. tJH~-"Fg 
@3Jl(330)C~I ~oH gX1I LH-"F ~JIJf gX1I 880ilA---J of8 ~g,i'.'2~ 2_~Jil ~Jll§Cf. OlxHs ~Jllofl21. 
gX1I ±f+~2-I \§iil@ -8(420, 500)0JIA---J~ \§iil@ 2~~ 3Jil ~ * VCf. 

±_2)- 35~ ::;:i~Oll21A---J.5=. -e~ofJil gX1I Xl~{370)ilf gX11{450) ~ ~+§ ~{550, 560)~ .:;}-'f'-Lf ~cl 
e § ~ ~ § XH ~ ~ § x-J 2-1 of~ 21-"F ~ J 1 .Q_ § ~ ~ { 410. 510) S:f ~ § ::;:i ~@ 5d" ~Cf. ±- 21- ~ + JI 6 
~ s.sJofJI ¥1of~ 21~ tJH~-"F{540, 570)@ ~oH ~01 XI~ 2!-~.'2~ ~gj.£1e 3::'~ Q,1-JI ¥1oH ~+§ 
~{550, 560)~ gX112-I ~~1210il ~xlof.:;} ~§2!-Cf . 

.::Jc.I.:;}, 'gJ-\§Jl{430)@ Al::'.'::.§ ~E.{490) of8-"F2-I LH-"F ~JI ~gj-"F Of2.HC~I ~Xlof~ ~2!-AIOil Al::'.'::.@ 
Oil \§01 ~22!- 8+@ CHt:Jl2!-Cf. Ol[H2-I 'gJ-\§Jle 'gJ-\§ 121~g !ftlJil of.:;}, ~xl~Ole :EIC:::::.sfofJI ¥1oH 
-8 2~2-1 'gJ-\§Jl(430)@ Afg2)-Cf . 

.5=. 5 Oil LfEf'd t:Jf2f ~01 gX112-I igJ-~OJIA---J ~gj§ 21-"F ~Jle ±f+~~{410, 510)@ [[fcf :X:1~{370)2-1 
21~ tJH~-"F(540. 570)@ JU.~ tJH~-e!Cf. 

±_2)- -8gj 'gJ-\§Jl(430) Of2.HC~le ~2-1~{440)01 VOi gX1I Of2.H2-I of8-"F ~E.Oil \§01 ~§£le 3::'~ xf 
82!-Cf. 

~JIA---J of8-"F ~E.Oil ~~.£le PCB· ~:tie .:;}~~~ C:::::2ofl21A---J 21-"F @80ile s2!- ::;:i~@ Jf~ 3::'.'2 
~ of8-"F ~E.011 ~~§ ';$3JI@ ~oH 2g(580)0JIA---J ~ g(600).'2~ 21-"F ~JI@ ~Q '$3of~ 'gJ-\§ 
~xi { 460) ~01 ~ Q \.41421-Cf. 

8JI~ ~\sOJIA---J e .:;}2)-~ .5=.121~ 52J.'2~ Oll@ ~Di ~\sof.:;} 2!-~of:i1XleJ-. e ~Or2-I ~82-I Xl6.l 
~ Jf~ :X:fOJIJile e .:;}2)-2-1 JI~~ Af8~ ':t!OiUXI s.t-e gj¥1 LHOilA---J ~2.-1 JfXI ~.sf2f ~801 Jf6g 
01 \st:J.!:l~ 3::'0ICf. Oll@ ~Di \§iil@ -8~ ~~2!- 121.'2~ NXI f',,t-.:;} ~§~ ~Di Q~l21~ ~~ \.414 2 
~~ ~Ole 3::'.5=. Jf6~ 3::'0ICf. 

[[fcfA---J, e .:;}2_1-g \sA-JIA---JOilA---J 2:1~§ ~~2!- gJEH~ 21-25::le 3::'01 Of\:::.! 3::'.'2~ OloHSIDiOF of □=l, .2.ol 
2.~ e .:;}2)-g ~-"F§ ~=;igj¥10il 2-loH 2~§, e .:;}2_1-2-1 JI~~ Af8ilf gj¥1 LHOil Ve 22 ~gj~. 
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~ JH ~ g-tJ 8~2000-0000118 

8]12f t:H2f 'gOI §~ore e .:;:i0g, LH · 2lf£1 #]I 2.~OI gX1I ±f · -"f'.~l)jlA--l A--j~ \:'..1-CH ~gj's:2_~ 
2.~'21kl ~JJHJf g,icg ~.:W..@ E.f-l)jlA--l ~.:W..@O1 Ol~OL;;:I~~ ~.:W..@ E.f-l)jlA--JSI ~.:W..@ .2.~OI ~Cf. 

e .:;}\21-C~I 212.!- Cfe .2.J:1fe, LH · 2lf '$3]je__f-~ Afgof():j gX1I@ 'd!2.,I-Al31~~ 822.!- 'd!2.,I- ~Al =? 
.:I:~ 'd!2.,I-SI ti~~OI ~OfXI.:;}, 0H_g_E-JA--Jt:Jl::'.'::.Jf gOlof.:;}, '§5:.SI ~.:W..@ ~Al@ f~ofXI f'JOf 'd!2.,I-
~ :ti ~ J f J f gj 8 £1 .:;:i , 'ct! 2.,1- ~ :ti SI El ~ £f J f J f ~ of Cf . 
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sucking and discharging a second gas by the action of the first gas discharged by the 
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Abstract of KR20040067701 {A) 

PURPOSE: A hybrid cooling device is 
provided to perform cooling operations by 
latent heat in a pt1ase change and by 
ventilation and convection and to irriprove 
cooling efficiency by minimizing the loss 
of conduction heat transfer through fins by 
installing the cooling device between the 
fins. CONSTITUTION: A hybrid cooling 
device(100) for cooling heat frorri an 
external heat source is cornposed of a 
phase change cooler(112) having a 

·\•' 

l 
i 
; .............. -.--.:,:.:{ 

phase-changeable circulating loop of refrigerants formed therein and a branch portion 
formed at the side of the loop and a fan( i 20) installed to the branch portion of the 
phase change cooler. The phase change cooler comprises an evaporating unit(104) 
formed at one end and filled with liquid refrigerant in at least a portion by a capillary 
phenomenon to vaporize the liquid refrigerant by heat transmitted from an extemal heat 
source; a vaporized refrigerant moving unit(106) adjacent to the evaporating unit and 
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flowing the vaporized refrigerant toward the branch portion; a condensing unit('l 08) 
adjacent to the vaporizing refrigerant moving unit as at least a region of the branch 
portion and branched off into at least two parts to condense the vaporizing refrigerant 
into liquid; a liquid refrigerant moving unit( 102) adjacent to the condensing unit as at 
least a region of the branch portion, insulating heat from the evaporating unit, and 
flowing the refrigerant condensed into liquid toward the evaporating unit: and a heat 
insulating unit for heat~insulating at least a portion of the liquid refrigerant moving unit 
and the evaporating unit 
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t{l·r~ ~~~l Ql1-~ l-8t1H 0 1·~~.lf-% t-~uH~1 +r-%~- tJ:~-?)1tS-} 0 =11-~ztJ1.-t- 0 1 -~J=YJS~~:ct 
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- 01. -

'l.'('·&>tztf1 r~:~ir~--R-loi:?I .;~·-lS?·'IB·J~~- t:1 -*-··2--~f an[{t ~~~n; ·=? rt-~;lo l-ot?il,~-&1 -2-o·•tL-lz lL-tz~-i 
t~~11Y l~~~~--~~ lL{~, lt~:lL Ek-t~i;:~ t·tllo·frlf=L:;~ ~-t~--H- 'tot5fyr~ {i~l[~ 2-{Sl-19'( tJ.-Jr2·t~tb- &~ lo·-4t-tf:l~: lL1Y 

'k fo T0 lfo-f2.8 [t,:: 
'(6 -&-!-~ 

. i ~: -[~ ~: t1- :::-i· tr~ -R 
:~{<;>.f-{·-8:- ~,k{l',.~ k1°Y 3[-<:;p;? lto·[Z~~;_<?, ~[L'.,~zti', ·IJH"l{v [I'.;_<?, 't5{'ic'{~rt f:1 -~k1LZtf, i'?-"1~\{, ki'<,, l-0+1{<;:> :.'l~Of2 

'k fo T0 lfo-f2- L [t,:: 

'B -&-!-~ 

, [-,; 1-'\ -iz ti'-1 fo ·::-:i: [c1 -f: l c::, {8 l5 i:'< fo ";'-;-[ti fo IH,~ l .::i ~d~ lo k llo ~J f:rr A-· X 0-=:t· -Jdt =-"i fo t-z ~ Fr-: i,s lk07-la;: lt 1-Y 

'k fo T0 lfo-f2.9 [t,:: 
'l -&·t:-~ 

'l0-f;:: tt"1 ~ 
-~-i-t;1·r:i-to--l<t ~1{"1-i:2.:if tJ ~-& lo~,L~•'i', l5?yfo lk>~-:i~-:i 0-=:t[:.r;:-g-[t1 llo-Jr~-8- k.f( hl-<=·0 llo¾:-to tok-tzfi'-, -~Wt-{( lt1.Y 

'k fo T0 lfo-f2- L [t,:: 

'9 -&-!-~ 

· l>: B: 1f, fo 
:::it2'nlo{~- ~--:{:;;{1.li ~:=iloii: toH_i::-~-~ ~[;}h-~ lLlifl~t%lo 2-Jr-)~~g lLi~< -~tln[:., k;-fylL :_-1~[~0-&-~1-lo tlnttl -fyl1~ lt.:1.<2< 

'k fo T0 lfo-f2- L [t,:: 

~ -&-!-~ 

'k-f\/ -[Zif, fo::i:t2·f:[o{<;:> 0-=:t:--l-811,n ~-ri.lldldn ·s 
~o f2 Es:~ °f,; ~ -:SE -[-:1 rt ~2. c£ [ 0 hH'~d;'i 1f to {it h,. ~l l"o-ch-fd O ~.n ~'.., .fv f[<'> k 1.v {<5 ~n tt, to 1°Y t{Q :; ~--f, [ 0 ~n tt, 1°Y t{Q [t'. {, 

'~y t'") T0 [~0 -11. L [t,:: 

'Iv-&-!-~ 

, [-,; {,;, -tz [-, ~ -=::--;_- t," -;.-i: l•::i--l-'? Es: ti·.1--~ 2· ~y ll,_,_ to lf<:•·ik J;'::-"t\ k 1.Y ~ lo lin ti'-1 ;_'\-- ~0 {o -ck--gd c::, lln [-, {v k lt 1.Y 

'k fo T0 lfo-f2- L [t,:: 
'£ -&-!-~ 

'[,;;_~ -lzti'-, fo·::-:i:[FG.-[o{8 Io-Ji·1.'\klin1f1 °-=:t·1":I1.'\k {,dln[-, lo{-vk"' [t'.1_":, -J~-b:rb -=:_;_-[-ot-z lo-ck--gdc::• lln[-, {-vk"' lt1.Y 

, t-Y fo (b lfo-1:H ll-):_ 

-z -&-!-~ 

'h;-~: .{-z§\ ~-:-:ll~-8-!_0{$1 ·~~--l~{?f1\~- ~~--f=r~t:I -:~~lhbtg;+:i ·*-··lf~1 ·:\l-<")~:t- to-t=c~~-lo l.1rJ§\ -fvtto lL-fv -to·-I=k-U't:~: lL{v 

1f1 '.-fh·-~~ l.::, l~r:1tf1 1Ytlo ~{~-~~ l.::, lo{~=fq_ {~·-f-r{i?~" lL-&· {Ll~r:1tf1 1?i~-~f ~-
01.Yt{¢ '~n[:5:~o-[3J"[,5-ch-Nt~ [ff, t::s:t::s:f-,.f:;, ltoti:itS t'?-Rfo llo-i.,_---~2 [L'.-[v i:-Y2o!i:it'o [o-irfb -=itOfi" l"o-&-Jr k-& [L'.-[v 

: ~- !~" g :; r5 --\::.; g ~ o ;_'\ ~o i L'. ~o. tf·, l-o f, k k K ' ln r5 k 
-~~·tr~{t :k ·:s-i•<.J~? t:1-1[:.1if(~ ltorZ)fc.1 ~:s?-~tTO ts-6:--510 [{n/f1 -IYlL lL-f{ l-Y-i~-0-r<.)fc.1 t~;½[=I) ·:~-i·{)~)~ to-~-k lL·=~- lL-f{ 

: -tdI: lo lin ti'-1 --fy k .;H8 ·&lo ~o-l'?fQ_ ~-=JH..- k 11 kt"' ii'. lln ~-, El,-!"~ k '[5 t,;· g ... fo ~o{8 l'i\: fo {o ·f..-t\ ,~, lt-&-

~-~-r~-~~ ~~-t~-t~l[ t0Jl~-1.o- llQi=~ Eki~R tJ-~~2--0-1%-l:.~:) ro--~~ts 
Hn tf, [o {, ~9 }};: T~-{.:" , [,1 [5 r~ -~: lto-il- [7) 3 f-o f-\-': lo{-'? l"o llo i'<,, f~- f± [~Y r'.1 { L ~.n ~"l to i'<,, fG? l L 1°Y , t::s: t::s: ?, f:;, lfo E1 ~) [o ~- tt·1 r 
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- l !. -

'1:-Y 1-o Tb ll-o{~ £ L ll:c­
'l L -&-r=&: 

. 1~: -[~ ~: t1-
=ir2n[o{'? :;{;;,{~rt-~:::ilo{t'. to~f:};~;:; {2-b!, [t'.[6[Y-f'ilo"E-ir-~g ld<, Hnff, [o;_</,[t'. =-:lto,k-:§.·lo Hnff,;_</,[t'. [L'.{v 

'lY !,.) Tb ltow.£ L ll,'. 
9 L f-ll- -t= &: 

f-o&2 ·ri~r.,.- ~::'i.1::: ·bTLf~,£ lol02Ktn-:K 
· [-,; ;_'\ -tz fi'-, ~-:_:-;_- t,c1-i=q o{-<? ~{81-2. n:· -'§· IA Hdfdn lo +·1 {2 -=:_c;_· 

!B H.-L to-i=r-?i- lo rtn ~-l 1.<.?< ~o ll_:. i~-- -t,s H.n ~-i to ;_~-ko ~--: -i=r~- lo H.n ~-i ;_~-ko lL _.~ 

' lY !,.) Tb lto & £ L ll,'. 
'!H -&-r=&: 

· [-,; 1~ rz ~'..i ~ -:::i [;:i n lo{-'?- Ir>-Jd~ t-dn ti.', ::-: t::s: B-: k {t'. Hn ff, lo;_</, ko ld<, .::;;· ;;.-ch~' 3 ~o f2 to ,k-:§.· lo Hn ff, ;_</, ko [,:: .fv 

' 1:-Y 1-o Tb ll-o 1.'1 £ L ll:c­
''lv L -&-r= &: 

· [-,; 1'\ -[z fi'-, ~- "::i [i·c1 -R· lo{-'? ~ {81-2. n:· 
-~-ch-fd O ~n ~'.., .fv f[<'> :; {2-fd O lo{-'?-"J?. ~,kfi',. ~ k1°Y {t'. ~.n ~'.., f:S:-~cc.? 6 201°Y t{Q [t'.;_'2, 'r:S: [:S: ?v ~ lo{-'? R lo ll-o-i1··~ g [L'.{v 

"D-~ ~½-~=:-~&~ ~_;_~~S~~~:-·-$- -~~--o--rt~o ~>t:1-1~1-!t ·iLPtn~t to-rtiL lL-f.-· 't:1-1[:.1if--~~ lto-~-k iL·=~- lL-f{ 

'.-d:,--&-Jo rln~, -&-k -:::-;-{.<?-·&-lo ~,.,.j.g.,[1 ~~-fa-1't~I lt11/ct [<.o=&d, J,,:<a:r l,,::-& Vtlnff, -~1;-t2-·J,:: 'rs~s/'y~ ~o{.<?-Rlo {o-k{/'t,~ [L'.fy 

: -i:d~1 ,~H:'i ti k ~o {8 to lto [ct 11· °[:'i °pi: lc1 ·fa 2 o Il· i't t;,; ·fd<> ·l L'. tla ~, to .fv lio g, ~} =~ ' ~n [5 
f)( -~ lf,:, r~; :'i k ti;:- ~o{,do lf,:, {:, Th- fctll, ·21 -ldirr fi'-, i,s {'_,. ti¢ k ;_<;,- 't:5 t:5 fy ~ llo k, ~;;, t\?- r:2 fr'., ll0 ~-ck k 1'r ldv lo-Ji· tt·, 7.: 

' ~--: l /_:. 1Lz [:., -I~~ Fi=l _.~ l L 1.<.?< 

' [:'.i {.<?- w. rt {;· ft]',· 1:l j'>c ~~ [Jo ·&-k [L =& [c; k lz ff, {'? I/ct f< [L fy 

"D-~ : i Li~ ff1 4~--1~ -i~Y ·r:1 fy· ~1 i () -=~- f:
1
~ l L :a¼ to [ti .fz -ti- "?i to Ix lto -~? ti) T_~ l=-i: t:1-1 fy· ~}]_ ·i L ~TI~-{~::~~ r-,; Ha W-1 ~;_={ {~ 4~-- i~ -IY l_t(; * Ht 

'h k {b lto l>C-~ {2:[(1 ~ ·:, r2 ·R le)·['?~:,;>.[<!; [i j.f [yfz[f-r -'§·($ to bT-ir·2·<;,ft;;1t [;_.;}do 
"tL -&±.-~ 

'J\.'.-i)~ -{-zff1 ~~--:-=;r~-~~lo-l!?- ;_:!{·i*fy~ ~~r~-II:ltrf tot1.{~ tc.1l:=s"fi"tO l~: ➔-L~i°v ·-:;tti:E to-~-k iL·=~- lL-f{ 

'~y t<"-' tS l~0 -11. L lll-' 
"ZL -&±.-~ 

• t~i_~ 1LZ ~-l f1- ::=i_ 

[2 ·r:q o {.<?- fI; ~" ~- ·1•;- ·;;,~ ~>" ft { L ·& {l'< '~ to tz lz [L'. ,,c,, ~' {zn~ -i'v [L: f', , [:'.i {.<?-ii":£ f1 ~~- l dz ff, {Hil -&- [i: {<,- [o t-,.-j.g. 0'-i ~ [Y 

'h [-<_., {.S llo{~ Llk 
"LL-&±.-~ 

. l'>cf~to:ff, ~ C-::l t2 Fl loi-'? ~~{-'?-~ rt f:1 -~2-k ~nti.', ::-: [c; :};, ~-fdo [-,;, r:S: lLtr "Eo ldz[:., ·l:~nic't.fv lo:};, 
·1F~- l L -f< ·i L ltr l L 13 4~-- i L l-Y l_tf., -k -ifi :~ Ek-{$- -ii: i L -IV ' tc.1 l:=s fy fg <{L i L -=2:i- -~~-{~-rt ~:1 ~i l'<~ h~ ~~ -y~ tc; -6:-& i o [{n /f1 -IY l L. l L -f< 

LOLL900-tOOZ-OL ~.g~ffl~ 
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l{rJ 1f-i. i°v ~::, ~;_={ {~- -& l c:, ~o {~ {~ 

- Z!. -

J;;{\ c~[f[Y['bt'l ~--Jrrb :-'i.[-o[-s:: lo·ik-gt[c;:, lln[-, {vko [f-;_y i◊·sh·l~f, ldv (s·-jli'. 

ft ~-Jr~t·lo 
ff,.'~:' k-1v { L l{n ii\ to .fv t['O k-i'v , ~s f5 fd.<?- ~o {2-- ~ Io {;:i: t.'1 {3 to ·i1:--k l .t:::a:r [L: K ( V - ·1 L'. 

~ =a¼* lL-[& F~ti ~ fy -~ 
-:'-i'r_'.2- {i·-!z-8: lk-fblc ~n [:'i ~- tf ·2· ·(:,-{.'1 i:1 to·[o.?-·fH o ·;r;·6 f'1- {ii f,,..-~; ·[L'. !in f?1 ro -Fv [io El~--§· 'lu t,;· ~--§· l-o [:'i t'btf ·2··~-;·-t· It, 

-[L'.~,nfi\ to.f(k ldv 't:S:t:S:?,t1 lf<:•°lli ·J-{6_ ro·tk1~f, [L'.-;_":, k~-6~ot'b-~rzTo {o·tk-gdo ~.n[.., k ld', :-'i~•::itc2 (E 

:~-
-&l() l{r11fi.-/YlL ~;_={,{*-&lo ~i--(~-{~-fh ~::-::r= ~o<~~t~; IJo{~b:-Fo ~r: ttntf1. ·r:l{§"lL 1

[:.1i[:.1if--~~ ~o{~~:TO iof:'~l~\:~~ iL-/Y (G-

: id~1 ,~H:'i ti k ~o {'? to llo [ct 11· °[:'i °pi: lc1 ·#, 2· ·,5· 1:;;,- i't t;,; ·fd<> ·{ L'. lla ~, 
[o-;_'\,-~o Es:f;c~.~ 'lnts~¾ lk>·tkft, ·::=:[-o~c;: l•::i-l.<?lo lk>-{("[¥ t\:lV2i-lt~n[-, [o ko ld', 'l:5:l:5:fyt1 llofiT~; to·Jr~l I:' (L·-jli'. 

't:S:t:S:fyt1 {tr:·~~:~ toHrrff, =-~-l.<?--tR-·1~\{, lto,k~1 (iL'.) 

' k to 1% lto [ >:: Bdz ff, f:;, :::i [2 n Io{~ :rH-~ iL'. [ 2c [ ·dz [:., Ro to t,l ~-20 !%- R, to -ir [o 
''lvZ ,& ,& &-

'k-& ldh t1::i:tc1·;=;:lo{~ c~-[!?[Vfo ~-t,"TI~[~i rot·L{8 l-ot:SNz-:lv lHY~-;_Y ·J·Pl~' l,s-i'i·tk k-i'i· 

'1:-Y 1-o 1% ll<>{~ £ L il:c' 
12 f-2--&&-

'l-:-;.& -tz ~1 t2- ·:-=-;· 

[FR~lo{:? l5~1l ~-6t-s::Wb {,:·tk1~f, l,s-tz.lz -'§: ff, t~id<t ldv 'l:5:i.:?~:E lJ {\'·k-1:z[-, ·t§.lt'd( [L'.-;_":, tot1-l.<? =-'i-l-ol-s:: 

'1:-Y 1-o 1% ll<>{~ £ L il:c' 
"ll -&-&&-

'k.f\/-tz[-, t1-=:--i[,c1-fl[,:;,-[.<? -==t{8-{2,]:,: lJ ~-8· llnti'-1 °-::t·{b -:-7 -t<H\-lo l-otsk~- 2··o·tz-tz ldzfh ~~li.Y [o-c~~ 
~ [L'..fv {!'.ltrk fk~[!.: hllo-Jr~-~ fi·ki't [!.:-;_<:,. 'k;t:Sf,11 -ltk-i'i- 2i.:?i'<t f:1~·2lzch:, &-:::;::: lo,k-:§_·[o Hnti'-, -;_<?,.[t: [L'..fv 

'1:-Y 1-o 1% ll<>{~6 L il:c' 
·1.z -&-&&-

'l-,;1~-tzt?: ~=-=i·tr~-t=flo{Sl- -:~{-?-f9.:&: t~1 {~-2··+} t{n~1 ~~-b ¢; l~·?1·lc:• t,::,t:SlL~- ~-<:1·-tz{z i;:~-lz~1 
·IJH,\1°v to::';,~ ki'<t itrk ti-tR-·[t: hlto,kfi',.~ fii:--£t k{, 'l-ot:Sfy11 {!'.[i:-i'i- 2i.<?-i'\ l.=i.-ch2[>::h:, ~:-:::;::: to-i,·fi',.~ [L'..fv 

'fy !,,) 1% lto&6 L [l,'. 

oz f-2--& &-

· l-,; 1~:: ~1 r:? -~-:-i t~=~ -r=-i- i o i-~ 
~~i.:?i:·£t --~~-~~ [!_:-;_<?,. -:S:-f-0&2 il0 {l:]}.:-1°v ·3_- ff, ~tf1K k1°v 'l:5:i.:?{1:E [J ~kt--zii\ i~tfli'<t k{, to{7{!?- -:S:-f-o&2 

' fy !,,) 1% lto & £ L [l,'. 
l:H ,&,&&, 

. [,:: B-: -tz ii\ 11 -:::1 t2 H lo{!?- Es: fy t1 2 H0 t 11 [Y ·h0 i (J tn {'1 to 1:-Y Hn ~s: A - X ~: -J, rz., -=s:- l·o ~:: ~ Er to ~t ::';, ~ [L'. .fv 

' 1:-Y 1-o 1% ll<> i".H L il:c' 
lH ,&,&&, 

. 1~: -[~ ~: t1-
=i[2n[o{.;;' =-~i.<?-{1:E 11-~·ti\: lor,L::1;;~ fi?Y11 llofol'6 =-:ts:Sfl:1 lfo-Jr'z_::-6 k{, kto{b lto'c?t◊ [oldzti'-,~-~~l-;_':, [L'..fv 
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- SI. -

·li lin if1 t"" -1v ~,. It::-&, '~-1 ~s ~ fy -~~':i-{2-- /'y ~ -~--k ft ·-:s: t<) t:--2 t,;- :arch- k ·& k fy r='i r='i i=> ~~ ~0{2-- ~ To io d, -4',-§-- k-1v ( t-

i"', '~n l:S: t1.?, ·s1e? ?, t1 
: ·t=t~-·-$· .;~ [3" ~ 7 -§- l-<"> l?i f~ ·t}- ·2··0· ·t· 'tt i_L lln ~-1 fo-fZ.· ll. l'­

[b =.'i~•::itc2 [o~·rk k~ [i:.[( [:-'i:l:5:?,t1 [0{2[lR, i<>-Jc'i\:lo Hrrff, -;_y[f [i:.f!,, ·s1~•~'2 (E·-jli'. 

'.-Jr~, lo Hrr f?, i'\ k ~-~{.<;:>~, lo lo{.e?f2. -~-&-ir It::-& kf, ~rr [:., fl·[:§: It:: 't::s: t::s: ?, f:;, ~o{.<;:> ~- Tc, ·to~-~~ ki'\- (c 

'-i1·~~ ~:t::s:~k ~o{.<;:>[o llofo }};:fS.f} IJ.-ch2of$"~, J-o-chlo {t~n~'..i 

to f?, Ho f};[} , tD [:'i i'L ~ lk -Jr fo -~,, k) ~>" ~o {.<?- [c; lk fy t0. f,l: lh ·,c; {,::: [{n ~ ti.o fy l['O k-i'v ' ~s f5 fy ~ [fc, t_!t ft to -d:,- [{7 7.- ( l -

1 l=i: l?i f,- ~- ·{ L-1i ·½{~ ~~ L6 tla ~1 ~~~ i:?I t~ lt~ -fy lto -f=i lh -c:_ 

'-J.[z~z lolt-lzf?, ·~~1-;_Y lo{?v ~ 

: rs i~-1~2- 1I -~ frk E:5: l ~ ~- l~o {~ l~ 1°0 ~ to *-i=r IL¾ ~-~ -l-?- fy-i_- i L l 1::_ 1Lz [:., -1~~ 1~\ -fy to 1~- l L ;_<.?( 

ft ~ lL 1Lz ~-l 

i§1~-i°v tc;-~- -l~- ~_;_={{~-ft±-· -~·-[&-k lL-~~ ~_;_~-[2:-{j-~(L-& l~:-fQ-Jl- l.vl~if( ~>t:1-1~}]_f( J~t--:-s~lz:f2-k-t: -i~~---=-s~-tz 1:y-.::r lo~f:Lit-, t~;t21~ 

, fy to[¢, Ll'-1 l~; .& tz [i'-r fo ~-d~ ·Fq O ¼ {"! b~- k l l l y .[-2:[(1 ~~- 0 t;=,; t":l ·J,- ~--oFJ· 0 ro ·lr [◊ 
·a -&-l::-&: 

·t'>:'.&lz~ ~ 
-:-:1r~-Rl()-l~ ~~:-1~-l1-l( ~8'-Hb: 1?tl);-~- ll<>f~- ·fh-:~: to·-1:t·i~ lL~l~ -;~·{$1f,-~- lo~--~i}·I=k 1;~tr"~·-/ri=- toit'lo·trr ·~il.8 t,-;·1.¼ -l~ lL{v 

f.fl ~ 'ii- !_ 0 i}I 

:{il-:? to·1.~ {~- -:~·{51-f✓-/-_- ~~--i1--~· l[~ ~~-{i i5--D·-R- l~o{'o~ lYl~r-~ totsr~r~-~~-=-~-l2~·t2-~--l_- 2·=-~·-tz ~~~ lo-BYb to-lz-tz 

'kto Cb lk lH~ i'zf?, f:;, ::::i [2 n lo{.;;_> :r~ le~ iL l2c l·dz[:., fo to t,1~·20!%-R, to-irto 
,g;z -&-l::-&: 

l~ 1~~ -t-2: ~l ~ =-=1· l~ -p: lo 1 ~ -:~{-?--W -n i5-

tizr 11 [:( 1'.v lf0 -8: ~ lo-i1··4.- k ~ k i"', to k-1:z ~.., t,;;: l?d( k i"', (ti) 

ft : IL'.,~z fi'. -1:cH"t{v :~{.<?-~rt -~ 

-r&-k 
l,~-~l} ~~:-t: -i·{Z-K l~{"~;l:= l~1.ts·~---H- ·2--cl-ilfi·:~~ l,~.f✓ l=o·{~·g-lo ·2··0·:fg.-ft=1. f:c_·:? ·{L~J-l~-i to-fvtio B~~:--g- 1 l~-i[3"~-·-§· l-ot?if~-~f 
~-6~Tt llrrfi'-, ro{vk k-1.Y 't:I[:-r;:f.,t1 lloic: --;;~, lo·k-c?,[c::, lln~., i"',k k-1.Y [y;1;·-c:.;~o~i:i t\?-rzF, {o·kl~f.c" k-1.Y (E 

jt :~-
-&i() l{r1tfl.-lYiL ~;_={·{*-&lo ~i--(~-{~-fh ~::-::r= ~o-~~t~; IJo{~b:-Fo ·r: ttntf1. ·r:l{§"lL 

1

[:.1.i[:.1.if--~~ ~o{~~:TO iof:'~.{=~\:~~ iL-IY (G-

: 1'<-f~, :.::as ~:§: k ~o {2-- t<'; lk ~z" i:l I~i ~~: fJ. -k i', o · "fl, ~~) to -k t& ·l L'. [v.1 ~-, 
to -fy [:r,:, El P<i· , I:,., t,n.} ~- lk> ·idt ·:'{[,., f? ~o-{'?. t<:; lk> K fa il IV,.'i l L [la ~' ro K ~Q kt, , lei [?i ?, t1 lH~ rt to ldt, C ( L - ·t L 

, l:5: t::s: f.,. ~ 1 [ii ·,kt~:~ lo ~n ff-i c~ {-'? ~ ~t iY ll<) ·Jdt1 ( {;:) 
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