
6. The cooling assembly of claim 5 wherein: 

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

7. The cooling assembly of claim 5 wherein: 

ambient air is permitted to enter the gap along the four perimeter edges of the 

rear pan and the cooling back pan. 

8. The cooling assembly of claim 4 wherein: 

the LED backlight is a direct-lit LED backlight having a front surface and a rear 

sulface;and 

the rear pan comprises the rear surface of the direct-lit LED backlight. 

9. The cooling assembly of claim 1 further comprising: 

a port in gaseous communication with the fan such tha.t ambient air is drawn 

through the port and exhausted ou1 of the gap. 

10. The cooling assembly of claim 1 further comprising: 

a port in gaseous communication with the fan such that ambient air is drawn 

through the gap and exhausted out of the port. 

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

assembly comprising: 

a cooling back pan having a front surface and a rear surface, wherein said 

cooling back pan is positioned behind the rear pan; 

a gap located between the cooling back pan and the rear pan; 

a rear cover positioned behind the rear surface of the cooling back pan to define 

a rear compartment formed between the cooling back pan and the rear 

cover, wherein the rear compartment is sealed to prevent ambient air from 

entering the rear compartment; 
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an electronic component for driving the electronic display placed at the rear 

surface off the cooling back pan within the sealed rear compartment and 

in conductive thermal communication with the cooling back pan; 

a port which accepts ambient air; 

an open loop gaseous pathway defined by gaseous communication between the 

port and the gap; and 

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

pathway. 

12. The cooling assembly of claim 11 wherein: 

the rear pan and the cooling back pan each contain four perimeter edges which 

are substantially aligned with one another. 

13. The cooling assembly of claim 12 wherein: 

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

back pan. 

~4. The cooling assembly of claim 11 wherein: 

the fan is oriented such that ambient air is drawn through the port and exhausted 

out of the gap. 

15. The cooling assembly of claim 11 wherein: 

the fan is oriented such that ambient air is drawn through the gap and exhausted 

out of the port 

16. A back pan cooling assembly for an electronic display having a rear pan with a pair 

of vertical edges and a pair of horizontal edges, the assembly comprising: 

a cooling back pan having a pair of vertical edges substantially aligned with the 

vertical edges of the rear pan and a pair of horizontal edges which are 

substantially aligned with the horizontal edges of the rear pan; 
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a gap defined between the cooling back pan and rear pan which extends to each 

horizontal edge to define a pair of horizontal edge gaps and to each 

vertical edge to define a pair of vertical edge gaps; 

a fan posltioned to caus~ ambient afr to flow through the vertical edge gaps and 

the horizontal edge gaps; 

a rear cover positioned behind the cooling back pan to define a rear 

compartment formed between the cooling back pan and the rear cover, 

wherein the rear compartment is sealed to prevent ambient air from 

entering the rear compartment; and 

a power supply or microprocessor for driving the electronic display placed at the 

rear of the cooling back pan within the rear compartment and in 

conductive thermal communication with the cooling back pan. 

17. The cooling assembly of claim 16 wherein: 

the fan is positioned near a center of the cooling back pan. 

18. The cooling assembly of claim 16 further comprising: 

an LED backlight within the electronic display which is placed in conductive 

thermal communication with the rear pan. 

19. The cooling assembly of claim 16 further comprising: 

a port within the rear cover; and 

an open loop gaseous pathway defined by gaseous communication between the port, 

fan, the horizontal edge gaps, and the vertical edge gaps. 
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Patent Translate 
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Notice 

This trar:slatior: is machir:e-generated It car:not be guarar:tee::i that it is mtelligible. accurate, complete, reliable or flt tor specific purposes. Critical decisions, 

such as commercially relevant or finar:oial decisions, should not be based on macl:ine-trar:slatior: output. 

A system tor cooling the electronic imaging assernbly. The system of the ernbodiment is disposed bet1ind the electronic imaging 

assembly and preferably includes a plurality of channels for conducting heat transfer with the imaging assembly. Ambient. gas is 

sucked into the display housing and sent to a manifold lhal distributes me ambient gas into a plurality of ctwrrnels. Another 
embodiment systern utilizes a heat exchanger with an internal fan assembly. Circulating gas may also be used to cool the front 

portion of the electronic imaginri assembly or otl1er internal cavity of tlie electronic display l1ousing. The circulating gas can be 
sucked through the lwat exchanger so that lrnat can be transferred to the surrounding gas. The heat exchanger may twve an 

internal fan assembly for sucking ambient. gas through the heat exchanger and withdrawing ambient gas out of the display 

l1ousing. 

211 

FIG-4 
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[translation] 

CER'TIFICATE ()F PATENT 

Republic of Korea 

PATENT NO.: 10-2067751 

AP PUCA T!ON NO.: 10-2019-7006670 

FILING DATE; March 6, 2019 

REGISTRATION DATE: January 13, 2020 

TITLE OF THE INVENTION: SYSTEM AND METHOD FOR THERMALLY 
CONTROLLING AN ELECTRONIC DISPLAY 

PATENTEE: MANUFACTURING RESOURCES INTERNATIONAL, INC. 

INVENTOR(S): DUNN, William, R 

DURATION: November 17, 2028 

SPECIAL REMARKS: 

(1) The first three years' annuities were paid as the registration fee. 

(2) To maintain the patent right, you must pay the annuities covering the 4th 
througr1 9th year either annually before the expiration of the preceding 
years' annuity, or in a lump sum before such expiration. 

(3) It is our custom to give timely notice in all cases of the steps to be taken 
to maintain the patent right but we cannot be responsible for the 
consequences of omitting to do this. 
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Patent Translate 

Notice 
This translation is machine - generated. It cannot be guaranteed that it is intelligible, 

accurate, complete, reliable or fit for specific purposes. Critical decisions, such as 

cornmercia11y relevant or financial decisions, should not be based on machine -

translation output. 

ABSTRACT KR102067751 

Embodiments relate generally to various thermal control features for electronic display 

devices. One feature includes a closed loop isolated gas chamber wherein the first 

chamber is in contact with the display surface and transfers beat between the isolated 

gas and the display surface. The second chamber is in gas communication with the first 

chamber, heats or cools the isolated gas, and reintroduces the isolated gas into the first 

chamber. Another feature uses shrink convection to cool the backiight assembly for an 

electronic display device. Another feature uses an air curtain to further heat or cool the 

external visible surface of the display device. Another feature uses a linear polarizer 

with an insulating gap to reduce the solar load of the display stack and to insulate it from 

the ambient air temperature. Another feature uses a fluid system in contact with the 

display surface and a fluid coolant to cool the display device. Each feature may be used 

alone or in combination with one another to provide a suitable operating temperature for 

the display device according to the desired operating environment. 
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TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
KM, ML, MR, NE, SN, TD, TG). 

(54) Title: FIELD SERVICEABLE AND REPLACEABLE ASSEMBLY 

10 
,' 
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(57) Abstract: A field serviceable assembly includes a first and second side assembly 
(14) hingedly mounted to a frame (12) in a back to back arrangement. At least one 
of the side assemblies (14) has a cover panel ( 17), an electronic display (11 ), a first 
channel (25) that receives circulating gas (36), and a second channel (23) that receives 
ambient air (38). A cavity (18) is located in the space between the rear surfaces of 
the side assemblies (14) and the frame (12) and contains an electronics plate ( 42) for 
receiving electronic components (30/44). The cavity (18) and the first channel (25) 
are part of a closed loop pathway, while the second channel (23) is part of an open 
loop pathway. 
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FIELD SERVICEABLE AND REPLACEABLE ASSEMBLY 

CROSS-REFERENCE TO RELATED APPLICATION 

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

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

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

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

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

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

by reference in their entireties. 

TECHNICAL FIELD 

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

assemblies for electronic displays. 

BACKGROUND AND SUMMARY OF THE INVENTION 

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

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

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

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

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

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

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

buildings, and the like. 

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

protect them from environmental conditions and to hold various electronic components 

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

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

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

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

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

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

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

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

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

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

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

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

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

electronic display. 

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

sources and communications networks. Such connections often require interaction with 

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

additional regulations and requires technicians having specialized knowledge. Such 

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

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

electronic display. 

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

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

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

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

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

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

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

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

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

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

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

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

electronic components may be mounted to a plate located between the two side 

assemblies. In other embodiments, the plate {along with the electronic components) may 

be mounted to one of the side assemblies or may form a part of the respective side 

assembly. 

[0007] In exemplary embodiments utilizing a single side assembly, the side 

assembly may be similarly mounted. However, an access panel may enclose the rear of 

the assembly such that the electronics cavity may also be accessed from the rear. The 

access panel may additionally be configured to receive a poster or a cover. 

[0008] Regardless, a pair of aid devices may be utilized with each side assembly 

or access panel to assist in moving the side assembly between the open and the closed 
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position as well as secure the side assembly in the open or closed position. In exemplary 

embodiments, a number of the electronic components may be shared for both side 

assemblies so as to reduce the total number of electronic components required. The aid 

devices may also assist in securing the side assembly in the open or the closed position. 

The side assemblies and/or the access panel may be opened to service the electronic 

components and the side assemblies. When necessary, the side assembly itself may be 

removed from the frame and replaced. 

[0009] The one or more digital displays, one or more covers, and one or more 

poster holders may be mechanically attached to the frame by way of a bracket and a pin, 

which may be configured to serve as the main, or only, mechanical support for the one or 

more digital displays, one or more covers, and one or more poster holders. In this way, 

the digital displays, covers, or poster holders may be easily and quickly removed from the 

frame for servicing. In exemplary embodiments, external power and communications 

connections may be located on the frame or on a plate located between the one or more 

digital displays, one or more covers, one or more poster holders such that servicing of the 

one or more digital displays, one or more covers, one or more poster holders can be 

performed by disconnecting the power and communications at the connection point rather 

than disturbing the connection to the utility lines. In this way, the external power and 

communications connections may often remain undisturbed. 

[001 0] In some situations, it may be advantageous to increase the cooling 

capabilities of the assembly. For example, without limitation, it may be desirable to add 

additional temperature sensitive or heat producing equipment to the assemblies, drive the 

electronic displays or illumination elements at higher brightness levels, operate in extreme 

environments with high temperatures or high solar loading, or to provide and operate 

larger electronic displays in one or more of the side assemblies. Therefore, what is 

needed is a field serviceable and replaceable assembly for an electronic display with 

increased cooling. 

[0011] The present invention provides a field serviceable and replaceable 

assembly for an electronic display with increased cooling. In exemplary embodiments, 

an additional open loop channel for ambient air may be added to one or both of the side 

assemblies mounted to either side of the frame. In exemplary embodiments, the 

additional open loop channel may only be added to the side assembly or assemblies 

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

loop channel may also be added to the side assemblies comprising a digital display. It is 
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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 128 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; 
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[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(S) 

[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 10 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-B. 

[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 100). 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 100 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 112. 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 130 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 1 35 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 1 00 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 188 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 
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the assembly 210 and/or of the respective side assembly 214 such as is illustrated in 

figure 19B. 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. 
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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 16-18 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 7A is a side view of another exemplary display assembly in 

accordance with the present invention; 

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

section line 8-B; 

[0019] Figure 8 is a top sectional view taken along section line 8-B 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 10, 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 10 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 1 0 

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 1 0 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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28 0 3.37 

14 0 3.37 

0 0 3.37 

-14 0 3.37 

-28 0 3.37 

28 14 3.37 

14 14 3.37 

0 14 3.37 

-14 14 3.37 

-28 14 3.37 

15.64615716 

15.64556531 

15.64509058 

15.64448586 

15.64400603 

15.64606925 

15.64557001 

15.6449758 

15.64443134 

15.64397409 

Table 2 .,~fflt.~,~ ■ lllfu"\')'¾~~,, 
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 

28 iioitiitt 
14 :::1:::rn1111iv11:::: ±±~~+ 

0 

-14 

-28 ========= 
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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 7B illustrate another exemplary display assembly 1 0 

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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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 

15 

SEC et al. v. MRI 
SEC Exhibit 1022.1659 

IPR2023-00221



WO 2018/200905 PCT/US2018/029707 

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. 
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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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Hybrid Rear Cover and Mounting Bracket for Electronic Display 

Inventors: William Dunn, Marcos Diaz, Kyle Azevedo 

Cross-Reference to Related Applications 

[0001] This application claims priority to co-pending US Application No. 61/951,344 

filed on March 11, 2014 and is herein incorporated by reference in its entirety. 

Technical Field 

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

cooling electronic displays. 

Background of the Art 

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

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

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

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

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

sensitive portions of the display, which can lead to premature failures. Further, it is now 

desirable to provide an improved system for installing large electronic displays in public 

area. 
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Summary of the Exemplary Embodiments 

[0004] A system and method for mounting an electronic display is disclosed herein. A 

rear cover mounting bracket may contain a rear plate and a sidewall which surrounds a 

perimeter of the plate. A plurality of mounting holes may be placed within the plate to 

allow fastening the rear plate to a vertical surface. An electronic display assembly 

module may contain a thermal plate where the attachment of the rear cover mounting 

bracket to the module creates a plenum which can house one or more electronic 

components. In a preferred embodiment, the rear plate contains a pair of hooks and the 

module contains a pair of corresponding cylinders which can be engaged with the hooks 

so that the module can hang from the hooks. 

[0005] The foregoing and other features and advantages of the present invention will be 

apparent from the following more detailed description of the particular embodiments, as 

illustrated in the accompanying drawings. 

Brief Description of the Drawings 

[0006] A better understanding of an exemplary embodiment will be obtained from a 

reading of the following detailed description and the accompanying drawings wherein 

identical reference characters refer to identical parts and in which: 

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

assembly module showing Detail A. 

[0008] FIGURE 2 is a detailed rear perspective view of Detail A shown in Figure 1. 

[0009] FIGURE 3 is a front perspective view of an exemplary hybrid rear cover and 

mounting bracket, once fastened to a vertical surface and connected to service wiring. 
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[0010] FIGURE 4 is a detailed front perspective view of Detail B shown in Figure 3. 

[0011] FIGURE 5 is a detailed front perspective view of Detail C shown in Figure 3. 

[0012] FIGURE 6 is a front perspective view of the exemplary method for attaching 

the electronic display assembly module to the hybrid rear cover and mounting bracket. 

[0013] FIGURE 7 is a front elevation view of the hybrid rear cover and mounting 

bracket once assembled with the electronic display assembly module and indicating the 

section line A-A. 

[0014] FIGURE 8 is a partial section view taken along the section line A-A and 

showing the top portion of the assembly. 

[0015] FIGURE 9 is a partial section view taken along the section line A-A and 

showing the bottom portion of the assembly. 

Detailed Description 

[0016] 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. 

[0017] 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 
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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. 

[0018] 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. 

[0019] 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. 

[0020] FIGURE 1 is a rear perspective view of an exemplary electronic display 

assembly module 500 showing Detail A. A thermal mounting sheet 81 is placed behind 

the electronic display and contains a plurality of electrical assemblies 40 which may 
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include but are not limited to: power supplies, video players, hard drives, 

microprocessors, printed circuit boards, and inpuUoutput electronics. A narrow 

channel 120 is preferably defined by the space between the thermal sheet 81 and the 

rear surface of the electronic display. External air 100 may be forced through the 

channel 120 by fan 80, which can then extract heat from both the rear surface of the 

electronic display as well as the thermal mounting sheet 81. 

[0021] A gasket 90 is preferably attached to the thermal mounting sheet 81 and 

surrounds a portion of the perimeter of the thermal mounting sheet 81. When combined 

with the hybrid rear cover mounting bracket 550, the gasket 90 and sheet 81 define a 

gaseously-sealed plenum 91 which may contain the electrical assemblies 40. One or 

more fans 75/77 may cause the air within the plenum 91 to circulate around. 

Preferably, a pair of dividing walls 80/85 are used to define a loop around the plenum 91 

which passes through only one of the dividing walls (here 80). In an exemplary 

embodiment, dividing wall 80 is perpendicular to dividing wall 85. Even more 

preferably, dividing wall 80 is arranged horizontally and contains the fan(s) while 

dividing wall 85 is connected to the end of dividing wall 80 but is arranged vertically and 

does not contain a fan. For exemplary airflow, it has been discovered that placing the 

first fan 75 near the center of the display assembly and the second fan 77 near the 

perimeter of the display assembly, causes a pair of circulating gas loops 215 and 200 

respectfully. Preferably, the plenum 91 is sealed so that external air cannot enter the 

plenum 91 (and preferably prevents air, or any other gaseous matter with or without 

particulate, from exiting the plenum 91 ). 
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[0022] A plurality of input/output electrical connections 25 are preferably placed at the 

top of the module 500 and underneath a water guard 35. Also, a pair of mounting pins 

50 and 51 are arranged at the top of the module 500. A trio of latches 120, 122, 125 

are preferably arranged at the bottom of the module 500, although embodiments can be 

practiced within one or two latches only. Also shown in this figure are the attachment 

brackets 900 and 910 for gas springs 250 or other supporting resistive elements. 

[0023] FIGURE 2 is a detailed rear perspective view of Detail A shown in Figure 1. 

Here, the details of the mounting pin (or rod or cylinder) 51 may be observed. In this 

embodiment, this can be described as a cylinder which travels horizontally and may be 

divided by two locating walls 53 (closest to the perimeter of the module 500) and 54 

(closest to the center of the module 500). The cylinder can then be identified by the 

mounting portion 55 (located between walls 53/54) and the interior portion 52 (starting 

at the wall 54 and travelling towards the center of the module 500). The mounting pins 

can be solid or hollow and are preferably cylindrical. 

[0024] FIGURE 3 is a front perspective view of an exemplary hybrid rear cover and 

mounting bracket 550 (herein cover/bracket 550), once fastened to a vertical surface 

and connected to service wiring 281. The cover/bracket 500 preferably contains a 

substantially flat rear plate 220 with a sidewall 225 which surrounds the plate 220. A 

plurality of mounting holes 275 are preferably placed near the top of the cover/bracket 

500 while another plurality of mounting holes 276 are placed near the bottom of the 

cover/bracket 500. In this way, the cover/bracket 500 can easily be mounted on a 

vertical surface where the service wiring 281 can be routed through the sidewall 225 

and into a junction box 280 by a designated electrician. A second service line 283 may 
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also exit the junction box 280 and could run to a second display module, allowing 

several cover/brackets to be installed and wired together in a daisy chain fashion. 

Generally, this electrical work requires permits, licenses, and/or approval by an 

electrical inspector. With this exemplary embodiment, this work can be completed and 

approved before the electronic display modules 500 are even shipped to the location. 

[0025] A pair of gas springs 250 or other resistive device may be attached to the rear 

plate 220 and correspond with the attachment plates 900/910 on the electronic display 

module 500. A trio of latches 130, 132, and 135 may be placed at the bottom of the 

cover/bracket 550 and correspond to the latches 120, 122, and 125 on the module 500 

respectively. Of course, as noted above, only a single latch or a pair of latches may be 

used in some embodiments. A pair of mounting hooks 300 and 301 are preferably 

placed at the top of the cover/bracket 550 and correspond to the mounting pins 50 and 

51 respectively. Preferably, the hook 300 would wrap around a portion of the 

circumference of the mounting portions 55, where the hook 300 is stabilized laterally 

between the walls 54 and 53. 

[0026] FIGURE 4 is a detailed front perspective view of Detail B shown in Figure 3. A 

fitting 285 may permit conduit (not shown) to seal with the sidewall 225 and allow the 

service wire 281 to pass through the sidewall 225 to meet the junction box 280. 

[0027] FIGURE 5 is a detailed front perspective view of Detail C shown in Figure 3. 

[0028] FIGURE 6 is a front perspective view of the exemplary method for attaching 

the electronic display assembly module 500 to the hybrid rear cover and mounting 

bracket 550. Once the cover/bracket 550 has been mounted to a vertical surface (and 

preferably after the service wiring has been ran to the junction box) the module 500 may 
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hang from the interaction of the hooks 300/301 with the pins 51/50. At this point the 

bottom of the module 500 can be rotated outwardly so that the gas springs 250 can be 

attached to the module 500. Once these are attached, the hooks 300/301 remain within 

the pins 51 /50 but the bottom of the module 500 is held away from the cover/bracket 

550 so that the module 500 can be electrically connected with the junction box 280. 

Once the module 500 is electrically connected, the bottom of the module 500 is rotated 

towards the cover/bracket 550 until the latches at the bottom of the two assemblies can 

be engaged. 

[0029] FIGURE 7 is a front elevation view of the hybrid rear cover and mounting 

bracket 550 once assembled with the electronic display assembly module 500 and 

indicating the section line A-A. 

[0030] FIGURE 8 is a partial section view taken along the section line A-A and 

showing the top portion of the assembly. When the latches at the bottom of the two 

assemblies engage, the gasket 90 is preferably compressed against the rear plate 220 

to define the plenum 91. A front cover transparent plate 410 is preferably placed in front 

of the electronic display and a flow of external air 100 is shown travelling behind the 

electronic display and through the channel 120. Although any type of flat panel 

electronic display could be used, this particular embodiment uses an LCD display 400 

with a direct LED backlight 430. Thus, in this embodiment, the channel 120 is defined 

between the rear surface of the LED backlight 430 and the thermal mounting plate 81. 

However, alternative embodiments may utilize any type of flat panel electronic display, 

including but not limited to plasma, OLEO, electroluminescent polymers, or similar 
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where the channel 120 is defined between the rear surface of these displays and the 

thermal plate 81 . 

[0031] FIGURE 9 is a partial section view taken along the section line A-A and 

showing the bottom portion of the assembly. The fan 80 is preferably positioned to 

draw the external air 1 00 through the channel 120, along the rear portion of the 

backlight 430 (or electronic display), and exhausted out of the bottom of the assembly. 

Of course, the external air 1 00 could also be ingested at the bottom and exhausted out 

of the top. The fan 80 is preferably placed within a cavity defined between the backlight 

430 and the rear plate 220 and is preferably not immediately adjacent to the exhaust 

port on the housing, although this is not required. Generally speaking, a portion 201 of 

the housing may connect between the rear surface of the backlight 430 (or electronic 

display) and the rear plate 220, where the fan 80 is mounted on this portion 201 of the 

housing. 

[0032] Having shown and described a preferred embodiment of the invention, those 

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

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

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

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

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

the scope of the claims. 
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CLAIMS 

We claim: 

1. A system for mounting an electronic display comprising: 

PCT /US2015/019975 

a rear cover mounting bracket having a rear plate and sidewall which surrounds 

a perimeter of the plate; 

a plurality of mounting holes placed within the rear plate; 

an electronic display assembly module having a thermal plate where the 

electronic display assembly module attaches to the rear cover mounting 

bracket to define a plenum between the thermal plate and the rear plate; 

and 

a power module placed within the plenum. 

2. The system of claim 1 wherein: 

the mounting holes are placed outside of the plenum. 

3. The system of claim 1 wherein: 

the sidewall is substantially perpendicular to the rear plate. 

4. The system of claim 1 wherein: 

the rear plate is adapted to fit against a vertical surface. 

5. The system of claim 1 further comprising: 

10 

SEC et al. v. MRI 
SEC Exhibit 1022.1691 

IPR2023-00221



WO 2015/138609 PCT /US2015/019975 

a channel defined by the space between an electronic display and the thermal 

plate; and 

a fan positioned to draw external air through the channel but not through the 

plenum. 

6. The system of claim 1 further comprising: 

a fan positioned within the plenum to force circulating air over the power module. 

7. The system of claim 1 further comprising: 

a pair of hooks positioned near a top of the rear cover mounting bracket; and 

a pair of horizontal pins placed near a top of the electronic display assembly 

module where the pins are sized to fit within the hooks. 

8. The system of claim 1 further comprising: 

a pair of hooks attached to the rear plate; and 

a pair of round posts attached to the electronic display assembly module which fit 

within the hooks and allow the electronic display assembly module to hang 

from the hooks. 

9. The system of claim 1 further comprising: 

a pair of horizontal cylinders attached to the electronic display assembly module; 

a pair of hooks attached to the rear cover mounting bracket, each hook being 

sized to accept a portion of a horizontal cylinder; and 
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a latch having a first portion attached to the electronic display assembly module 

and a corresponding second portion attached to the rear cover mounting 

bracket. 

10. A system for mounting an electronic display comprising: 

a rear cover mounting bracket having a rear plate; 

a pair of hooks attached to the rear plate; 

an electronic display assembly module containing an electronic display and 

having a pair of horizontal posts, each post being sized to fit within a hook 

so that the electronic display assembly module can hang from the hooks; 

and 

a latch positioned near the bottom of the electronic display assembly module. 

11. The system of claim 10 further comprising: 

a plurality of holes in the rear plate for attaching the rear plate to a wall. 

12. The system of claim 10 further comprising: 

a pair of locating walls positioned on each post where the space between the 

locating walls defines an area of each post that is accepted by the hook. 

13. The system of claim 10 further comprising: 
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a pair of locating walls placed on each post which define an area of the post 

which is between the walls for accepting the hook. 

14. The system of claim 10 further comprising: 

a channel within the electronic display assembly module that is defined by the 

space between the electronic display and a thermal plate; 

a fan positioned to force external air through the channel. 

15. The system of claim 10 further comprising: 

a plenum that is defined between the rear plate and the electronic display 

assembly module; 

a first partition within the plenum; 

a second partition within the plenum that is oriented substantially perpendicular 

to the first partition; and 

a circulating fan positioned on either the first or the second partition. 

16. A method for mounting an electronic display comprising the steps of: 

attaching a rear cover mounting bracket to a vertical surface, said rear cover 

mounting bracket having a pair of hooks positioned near a top of the rear 

cover mounting bracket; 

presenting an electronic display assembly module having a pair of horizontal 

rods near a top of the electronic display assembly module; 
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engaging the horizontal rods with the hooks so that the electronic display 

assembly module can hang from the hooks; and 

attaching a bottom portion of the rear cover mounting bracket to a bottom portion 

of the electronic display assembly module. 

17. The method of claim 16 wherein: 

the entire weight of the electronic display assembly module is permitted to hang 

from the hooks once engaged with the horizontal rods. 

18. The method of claim 16 wherein: 

the step of engaging the horizontal rods with the hooks comprises placing the 

hook on a portion of the rod which is defined by the space between a pair 

of locating walls. 

19. The method of claim 16 wherein: 

the step of attaching the rear cover mounting bracket to the electronic display 

assembly module comprises engaging a first portion of a latch which is 

attached to the rear cover mounting bracket with a second portion of a 

latch which is attached to the electronic display assembly module. 

20. The method of claim 16 wherein: 

the step of attaching the rear cover mounting bracket to the electronic display 

assembly creates a plenum which is sealed from the exterior air. 
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Description 

Technical Field 

[0001) Embodiments generally relate to a cooling as­
sembly for the back pan of an electronic display. 

Background of the Art 

[0002) Electronic displays are now being used for a 
variety of applications, in addition to the traditional in­
home viewing applications. It is now desirable for elec­
tronic displays to be used as restaurant menu boards, 
advertising, and general informational purposes. Each 
application may require a different set of electronic as­
semblies, in order to drive the electronic display and pro­
vide any ancillary services related to the electronic dis­
play and its purpose. Electronic displays are typically 
manufactured in standard sizes, shapes, and with stand­
ard electronic components. JP H11 296094, US 
2012/020114 and US 2012/044217 disclose known elec­
tronic displays having cooling assemblies. 

Summary of the Exemplary Embodiments 

[0003) According to the present invention there is pro­
vided a back pan cooling assembly for an electronic dis­
play as claimed in claim 1. One exemplary embodiment 
provides a cooling back pan that is positioned behind the 
rear pan of an electronic display, where the space be­
tween the cooling back pan and the rear pan defines a 
gap. A fan is preferably positioned so as to cause a flow 
of ambient air through the gap, cooling the rear pan and 
the cooling back pan. Electronic components for operat­
ing the electronic display can be mounted to the cooling 
back pan and preferably are placed in conductive thermal 
communication with the cooling back pan. 
[0004) The foregoing and other features and advan­
tages of the present invention will be apparent from the 
following more detailed description of the particular em­
bodiments, as illustrated in the accompanying drawings. 

Brief Description of the Drawings 

[0005) A better understanding of an exemplary embod­
iment 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: 

FIGURE 1 is a rear perspective view of an exemplary 
back pan cooling assembly. 
FIGURE 2 is a sectional view of the embodiment 
shown in Figure 1. 

Detailed Description 

[0006) The invention is described more fully hereinaf-

ter 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 

5 limited to the exemplary embodiments set forth herein. 
Rather, these embodiments are provided so that this dis­
closure will be thorough and complete, and will fully con­
vey the scope of the invention to those skilled in the art. 
In the drawings, the size and relative sizes of layers and 

10 regions may be exaggerated for clarity. 
[0007) The terminology used herein is for the purpose 
of describing particular embodiments only and is not in­
tended to be limiting of the invention. As used herein, the 
singular forms "a", "an" and "the" are intended to include 

15 the plural forms as well, unless the context clearly indi­
cates otherwise. It will be further understood that the 
terms "comprises" and/or "comprising," when used in th is 
specification, specify the presence of stated features, in­
tegers, steps, operations, elements, and/ or components, 

20 but do not preclude the presence or addition of one or 
more other features, integers, steps, operations, ele­
ments, components, and/or groups thereof. 
[0008) Embodiments of the invention are described 
herein with reference to illustrations that are schematic 

25 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 

30 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. 
[0009) Unless otherwise defined, all terms (including 
technical and scientific terms) used herein have the same 

35 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 

40 in the context of the relevant art and will not be interpreted 
in an idealized or overly formal sense unless expressly 
so defined herein. 
[0010) FIGURE 1 is a rear perspective view of an ex­
emplary back pan cooling assembly where the rear cover 

45 100 has been removed. An electronic display 15 is pro­
vided on the bottom with an exemplary cooling back pan 
45 positioned on the top. The electronic display 15 con­
tains a rear pan 22 on the rear surface of the electronic 
display 15 (i.e. on the side opposing an intended observ-

50 er). The rear pan 22 is often a component in mass-man­
ufactured electronic displays and typically provides 
mounts for electronic subassemblies or housings to go 
with the electronic display. In some embodiments, the 
rear pan 22 is metallic. As used herein, the term 'rear 

55 pan' does not require that the pan is actually the one that 
came with the originally mass-manufactured display, as 
this component may be upgraded from its originally 
mass-manufactured form by downstream manufactur-
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ers. 
[0011] Here, electronic components 10 and 11 for driv-

air around the interior of the cooling back pan 45, without 
mixing with the ambient air. 

ing the electronic display 15 are fastened to the cooling 
back pan 45. In an exemplary embodiment, the electronic 
components 10 and 11 may be placed in conductive ther- 5 

mal communication with the cooling back pan 22. The 

[0017] It should also be noted that it is preferable to 
place the fan 30 near the center of the cooling back pan 
45, although this is not required. lt may be preferable in 
some instances to place the fan 30 closer to the horizontal 

electronic components 10 and 11 may contain any one 
of the following: timing and control boards (TCON), power 
supplies, video cards/drivers/players, inpuUoutput inter­
faces, antennas, wireless receivers, modems, local elec­
tronic storage, and CPU/microprocessors. 
[0012] The space between the rear pan 22 and the 
exemplary cooling back pan 45 defines an air gap 25. 
The fan 30 is positioned so as to cause a flow of ambient 
cooling air through the gap 25, in order to cool both the 
rear pan 22 and the cooling back pan 45. The fan 30 
preferably draws ambient air from around the display 
housing, without letting the air enter other portions of the 
display housing, especially the portions of the cooling 
back pan 45 which contain the electronic components 10 
and 11 (i.e. the portions sealed off between the cooling 
back pan 45 and the rear cover 100). In other words, the 
fan 30 is preferably placed in sealed gaseous communi­
cation with the surrounding ambient air and the gap 25 
such that ambient air can pass through the fan 30 and 
gap 25 without entering the area sealed by the cooling 
back pan 45 and rear cover 100. 
[0013] In at least one embodiment, a port 150 is pro­
vided which provides sealed gaseous communication 
between the ambient air surrounding the display housing 
and the fan 30. Once forced through the gap 25, the cool-
ing air can exit any portion of the perimeter of the rear 
pan 22 and cooling back pan 45 assemblies, and even­
tually is exhausted out of the edges of the display hous­
ing. In other words, the gap 25 preferably extends to all 
four edges of the display housing and allows ambient air 
to enter/exit the gap 25 along all four edges of the rear 
pan 22 and cooling back pan 45. 
[0014] FIGURE 2 is a sectional view ofthe embodiment 

top edge of the cooling back pan 45 (as shown in Figure 
2), as the heat generated by the display assembly tends 
to rise where additional flow rates of cooling air would be 

10 beneficial in this area. In most cases, if using only one 
fan 30, it may be preferable to place the fan near the 
vertically-drawn centerline of the cooling back pan 45. 
[0018] As used herein, the term 'electronic display' is 
any electronic assembly for generating an image to a 

15 viewer. The term specifically includes, but is not limited 
to: liquid crystal displays (all types), OLEO, light emitting 
diode (LED), field emitting display (FED), light emitting 
polymer (LEP), organic electro luminescence (OEL), 
plasma displays, and any other type of thin/flat panel dis-

20 play. In an exemplary embodiment, the electronic display 
15 comprises an LED edge lit LCD display where the 
LED backlight is placed in conductive thermal communi­
cation with the rear pan 22. In another exemplary em­
bodiment, the electronic display 15 comprises an LED 

25 direct backlit LCD display where the rear pan 22 is pro­
vided as the rear surface of the direct LED backlight. 
[0019] Having shown and described a preferred em­
bodiment of the invention, those skilled in the art will re­
alize that many variations and modifications may be 

30 made to affect the described invention and still be within 

35 

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

Claims 

shown in Figure 1. 40 

1. A back pan cooling assembly for an electronic dis­
play (15) having a rear pan (22), the assembly com­
prising: 

[0015] As can be observed, the cooling back pan 45 
can be used to mount any number of specialized electri-
cal components 10 and 11 which may be required for the 
end-use of any electronic display. At the same time, the 
cooling back pan 45 can help remove heat from the elec- 45 

tronic components 10 and 11 as well as the rear pan 22, 
without exposing the sensitive components to ambient 
air (which may contain dirt, dust, or contaminates). 
[0016] It should be noted that although a single fan 30 
is shown, this is not required by any embodiment as there 50 

can be multiple fans positioned on the cooling back pan 
45 in other embodiments. Also, although an exemplary 
embodiment uses the fan 30 to push the cooling air into 
the gap 25, alternative embodiments could also be used 
to draw air from the edges of the display housing, through 55 

the gap 25, and exhaust the air through the port 150. It 
should also be noted that additional fans may be posi­
tioned within the cooling back pan 45 in order to circulate 

3 

a cooling back pan (45) positioned behind the 
rear pan (22); 
a gap (25) defined by the space between the 
cooling back pan (45) and the rear pan (22); 
a rear cover ( 100 i positioned on the cooling back 
pan (45) to define a rear compartment which is 
sealed to prevent ambient air from entering the 
rear compartment; 
a port(150)in the rearcover(100)whichaccepts 
ambient gas; 
at least one fan (30), the port (150) being in gas­
eous communication with the fan (30), the fan 
(30) being oriented such that the ambient air is 
drawn through the port (150) and exhausted out 
of the gap (25); 
wherein the fan (30) is positioned to cause a flow 
of ambient air through the gap (25); and 

SEC et al. v. MRI 
SEC Exhibit 1022.1704 

IPR2023-00221



5 EP 2 909 829 B1 6 

an electronic component ( 10, 11) for driving the 
electronic display (15) placed in the rear com­
partment and in conductive thermal communi­
cation with the cooling back pan (45) wherein: 
the fan (30) is sealed within the cooling back pan 5 

(45) such that ambient air is not permitted to 
contact the electronic component (10, 11 ). 

2. The cooling assembly of claim 1 further comprising: 

an LED backlight within the electronic display 
(15) and placed in thermal communication with 
the rear pan (22). 

10 

3. The cooling assembly of claim 1 wherein: 15 

the rear pan (22) comprises the rear surface of a 
direct-lit LED backlight. 

4. The cooling assembly of claim 1 wherein: 
20 

the rear pan (22) has a first pair of vertical edges 2. 
and a first pair of horizontal edges; 
the cooling back pan (45) has a second pair of 
vertical edges and a second pair of 
horizontal edges; 2s 
the first pair of horizontal edges are aligned with 
the second pair of horizontal 
edges; 3. 
the first pair of vertical edges are aligned with 
the second pair of vertical edges; 30 

the gap (25) extends to each horizontal edge to 
define a pair of horizontal edge gaps 
and to each vertical edge to define a pair of ver- 4. 
tical edge gaps; and 
the fan (30) is positioned to cause the flow of 35 

ambient air though the horizontal edge 
gaps and the vertical edge gaps. 

Patentanspriiche 

1. R0ckenschalen-KUhlungsanordnung fur eine elek­
tronische Anzeigevorrichtung (15), die eine hintere 
Schale (22) aufweist, wobei die Anordnung Folgen-

40 

des umfasst: 45 

eine KUhlungsrUckenschale (45), die hinter der 
hinteren Schale (22) positioniert ist; 
einen Spalt (25), der von dem Zwischenraum 
zwischen der KUhlungsrUckenschale (45) und 50 

der hinteren Schale (22) definiert wird; 
eine hintere Abdeckung (100), die auf der KUh-

mindestens ein Geblase (30), wobei die Offnung 
(150) in Gasverbindung mit dem Geblase (30) 
steht, wobei das Geblase (30) derart orientiert 
ist, dass die Umgebungsluft durch die Offnung 
(150) gesaugt und durch den Spalt (25) ausge­
blasen wird; 
wobei das Geblase (30) positioniert ist, um einen 
Strom von Umgebungsluft durch den Spalt {25) 
zu bewirken; und 
eine elektronische Komponente ( 10, 11) zum 
Treiben der elektronischen Anzeigevorrichtung 
(15), die in dem hinteren Raum platziert ist und 
in leitfahiger thermischer Verbindung mit der 
Kuhlungsruckenschale (45) steht, wobei: 
das Geblase (30) innerhalb der KUhlungsru­
ckenschale (45) dicht eingeschlossen ist, so­
dass es Umgebungsluft nicht ermoglicht wird, 
mit der elektronischen Komponente (10, 11) in 
Kontakt zu gelangen. 

KUhlungsanordnung nach Anspruch 1, die weiter 
Folgendes umfasst: 
eine LED-Hintergrundbeleuchtung innerhalb der 
elektronischen Anzeigevorrichtung (15), die in ther­
mischer Verbindung mit der hinteren Schale (22) 
platziert ist. 

KUhlungsanordnung nach Anspruch 1, wobei: 
die hintere Schale (22) die hintere Oberflache einer 
direkt beleuchteten LED-Hintergrundbeleuchtung 

umfasst. 

Kuhlungsanordnung nach Anspruch 1, wobei: 

die hintere Schale (22) ein erstes Paar vertikale 
Rander und ein erstes Paar horizontale Rander 
aufweist; 
die KUhlungsr0ckenschale (45)ein zweites Paar 
vertikale Rander und ein zweites Paar horizon­
tale Rander aufweist; 
das erste Paar horizontale Rander auf das zwei­
te Paar horizontale Rander ausgerichtet ist; 
das erste Paar vertikale Rander auf das zweite 
Paar vertikale Rander ausgerichtet ist; 
sich der Spall (25) zu jedem horizontalen Rand 
erstreckt, um ein paar horizontale Randspalte 
zu definieren, und zu jedem vertikalen Rand er­
streckt, um ein Paarvertikale Randspalte zu de­
finieren; und 
das Geblase (30) positioniert ist, um den Strom 
von Umgebungsluft durch die horizontalen 
Randspalte und die vertikalen Randspalte zu 

lungsruckenschale (45) positioniert ist. um ei- bewirken. 
nen hinteren Raum zu definieren, der abgedich-
tet ist, um zu verhindern, dass Umgebungsluft 55 

in den hinteren Raum eintritt; Revendications 
eine Offnung (150) in der hinteren Abdeckung 
(100), die Umgebungsgas aufnimmt; 1. Ensemble de refroidissement de plaque cote arriere 
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pourun affichageelectronique (15) ayantune plaque 
arriere (22), !'ensemble comportant: 

une plaque cote arriere de refroidissement (45) 
positionnee derriere la plaque arriere (22); 
une breche (25) definie par l'espace entre la pla-
que cote arriere de refroidissement (45) et la 
plaque arriere (22) ; 
un couvercle arriere (100) positionne sur la pla-
que cote arriere de refroidissement (45) pour 
definir un compartiment arriere qui est scelle 
pour empecher l'air ambiant d'entrer dans le 
compartiment arriere ; 
un orifice (150) dans le couvercle arriere (100) 
qui accepte du gaz ambiant ; 
au mains un ventilateur (30), !'orifice (150) etant 
en communication gazeuse avec le ventilateur 
(30), le ventilateur (30) etantoriente de telle sor-
te que l'air ambiant est aspire au travers de l'ori-
fice (150) et evacue par la breche (25) ; 
dans lequel le ventilateur (30) est positionne 
pour amener un ecoulement d'air ambiant au 
travers de la breche (25); et 
un composant electronique (10, 11) servant a 
entrainer l'affichage electronique (15) place 
dans le compartiment arriere et en communica-
lion thermique conductrice avec la plaque cote 
arriere de refroidissement (45) dans lequel : 
le ventilateur (30) est scelle dans la plaque cote 
arriere de refroidissement (45) de telle sorte que 
l'air ambiant n'est pas autorise a entrer en con-
tact avec le composant electronique (10, 11 ). 

Ensemble de refroidissement selon la revendication 
1, comportant par ailleurs : 
un retroeclairage a DEL a l'interieur de l'affichage 
electronique ( 15) et place en communication thermi-
que avec la plaque arriere (22). 

Ensemble de refroidissement selon la revendication 
1, dans lequel : 
la plaque arriere (22) comporte la surface arriere 
d'un retroeclairage a DEL a eclairage direct. 

Ensemble de refroidissement selon la revendication 
1, dans lequel : 

la plaque arriere (22) a une premiere paire de 
bards verticaux et une premiere paire de bards 

5 

10 

15 

20 

25 

30 

35 

40 

45 

harizontaux ; 50 

la plaque cote arriere de refroidissement (45) a 
une deuxieme paire de bards verticaux et une 
deuxieme paire de bards harizontaux ; 
les bards de la premiere paire de bards horizon­
taux sont alignes sur les bards de la deuxieme 55 

paire de bards harizontaux ; 
les bards de la premiere pa ire de bards verticaux 
sant alignes sur les bards de la deuxieme paire 

5 

8 

de bards verticaux ; 
la breche (25) s'etend jusqu'a chaque bard ho­
rizontal pour definir une paire de breches de 
bards horizontaux et jusqu'a chaque bard verti­
cal pour definir une paire de breches de bards 
verticaux ; et 
le ventilateur (30) est positionne pour entrafner 
l'ecoulement de l'air ambiant au travers des bre­
ches de bards horizontaux et des breches de 
bards verticaux. 
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PROBLEM TO BE SOLVED: To suppress temperature variations among substrates mounting a plurality of light-emitting 

elements and also improve the heat dissipation characteristics of the substrates mounting the light-emitting elements, 

with a simple structure.SOLUTION: A light-emitting diode (LED) light source includes: an LED element formed by 

connecting an LED chip to electrodes formed on a ceramic substrate; an LED element-mounting substrate on which a 
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(54) SYSTEM FOR COOLING AN ELECTRONIC IMAGE ASSEMBLY 

(57) A system for cooling an electronic image assem-
bly with ambient gas, the system comprising: 
a plurality of channels placed behind the electronic image 
assembly, each channel having an inlet and exit; 
a first manifold in gaseous communication with the inlet 
of each channel; 
a second manifold in gaseous communication with the 
exit of each channel; 
a fan positioned to force ambient gas through the chan­
nels; 
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25 

a front plate placed in front of the electronic image as­
sembly, the space between the front plate and the elec­
tronic image assembly defining a front channel; 
a circulating fan positioned to force circulating gas 
through the front channel; and 
a cross through plate having a first pathway for circulating 
gas traveling through the front channel and a second 
pathway for ambient gas traveling through the plurality 
of channels behind the electronic image assembly. 
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Description 

Technical Field 

front surface of the backlight could not be cooled for fear 
that the backlight cavity would become contaminated 
with dust, dirt, or other particulate. 

[0001) Exemplary embodiments generally relate to 5 

cooling systems and in particular to cooling systems for 
electronic displays. 

Summary of the Exemplary Embodiments 

[0007) Exemplary embodiments 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. 

Background of the Art 

[0002) Improvements to electronic displays now allow 
them to be used in outdoor environments for information­
al, advertising, or entertainment purposes. While dis­
plays of the past were primarily designed for operation 

10 

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 

near room temperature, it is now desirable to have dis- 15 

plays which are capable of withstanding large surround-

circulating within the display, it can remain free of partic­
ulate and contaminates and will not harm the display. 
[0008) Ambient gas may be ingested into the display 

ing 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 20 

in order to cool the circulating gas. The ambient gas and 
the circulating gas may be drawn through a heat ex­
changer which will allow the heat to transfer from the 
circulating gas to the ambient gas, preferably without let­
ting the ambient and circulating gases mix with one an-display components can become even more difficult. 

[0003) Additionally, modern displays have become ex­
tremely 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, illumi­
nation devices and electronic displays may produce a 
relatively large amount of heat. 
[0004) Still further, in some situations radiative heat 
transfer from the sun through a front display surface can 
also become a source of heat. In some locations 
800-1400 Watts/m2 or more through such a front display 
surface is common. Furthermore, the market is demand­
ing larger screen sizes for displays. With increased elec­
tronic display screen size and corresponding front display 
surfaces, more heat will be generated and more heat will 
be transmitted into the displays. 
[0005) Exemplary modern displays have found some 
effective means for cooling the displays including circu­
lating 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 ofthe electronic 
display). Various thermal communications have been 
discovered which can transfer heat away from the sen­
sitive 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 ofthe 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 desir­
able to move gas across the rear surface of the backlight 
in order to cool it. While desirable, it was thought that the 

other. 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 

25 to remove heat from the rear portion of the image assem­
bly. 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. 
[0009) In order to reduce noise emissions, the fans 

30 which drive the ambient and/or circulating gas through 
the heat exchanger may be placed within the heat ex­
changer, 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 image assembly, a 

35 manifold may be used to collect the ambient gas along 
an edge of the display and distribute this into a number 
of smaller flows. The fans for driving this additional am­
bient gas pathway can be placed within the manifold in 
order to reduce the noise emitted by the fans and provide 

40 an even distribution of ambient gas across the display. 
[0010) 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 

45 bottom of a portrait-oriented display, it has been found 
that as the cool ambient gas travels across the rear por­
tion 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 

50 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 assem­
bly in an even manner and reduce any 'hot spots' within 

55 the electronic image assembly. 

2 

[0011) The foregoing and other features and advan­
tages will be apparent from the following more detailed 
description of the particular embodiments of the inven-
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tion, as illustrated in the accompanying drawings. 

Brief Description of the Drawings 

throughout. As used herein, the term "and/or" includes 
any and all combinations of one or more of the associated 
listed items. 
[0015) It will be understood that, although the terms 

[0012) A better understanding ofan exemplary embod­
iment 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: 

5 first, second, third, etc., may be used herein to describe 
various elements, components, regions, layers and/or 
sections, these elements, components, regions, layers 
and/or sections should not be limited by these terms. 
These terms are only used to distinguish one element, 

10 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 sec­
ond element, component, region, layer or section without 

FIGURE 1A provides a front perspective view of an 
exemplary embodiment of the electronic display. 
FIGURE 1 B provides a rear perspective view of an 
exemplary embodiment of the electronic display. 
FIGURE 2 provides a rear perspective view similar 15 

to that shown in Figure 1 B where the rear cover has 
been removed. 
FIGURE 3 provides a perspective sectional view 
along the A-A section line shown in Figure 1 B. 
FIGURE 4 provides a perspective sectional view 20 

along the B-B section line shown in Figure 1 B. 
FIGURE 5 provides a perspective sectional view of 
insert C shown in Figure 4. 
FIGURE 6 provides a perspective sectional view of 
one embodiment of the cross through plate. 25 

FIGURE 7 provides an exploded perspective view 
of one exemplary embodiment of the heat exchanger 
and fan assembly. 
FIGURE 8 provides a perspective sectional view of 
another embodiment which uses a flow of circulating 30 

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 cir­
culating gas through the backlight cavity in addition 35 

to the flow of circulating gas between the LCD and 
front plate. 

Detailed Description 
40 

[0013) The invention is described more fully hereinaf-
ter 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 45 

limited to the exemplary embodiments set forth herein. 
Rather, these embodiments are provided so that this dis­
closure will be thorough and complete, and will fully con-
vey the scope of the invention to those skilled in the art. 
In the drawings, the size and relative sizes of layers and 50 

regions may be exaggerated for clarity. 
[0014) 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, 55 

when an element is referred to as being "directly on" an­
other element or layer, there are no intervening elements 
or layers present. Like numbers refer to like elements 

3 

departing from the teachings of the present invention. 
[0016) Spatially relative terms, such as "lower", "upper" 
and the like, may be used herein for ease of description 
to describe the relationship of one element or feature to 
another element(s) or feature(s) as illustrated in the fig­
ures. lt will be understood that the spatially relative terms 
are intended to encompass different orientations of the 
device in use or operation, in addition to the orientation 
depicted in the figures. For example, if the device in the 
figures is turned over, elements described as "lower" rel­
ative 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 orienta­
tion 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. 
[0017) The terminology used herein is for the purpose 
of describing particular embodiments only and is not in­
tended 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 indi­
cates otherwise. It will be further understood that the 
terms "comprises" and/or "comprising," when used in this 
specification. specify the presence of stated features, in­
tegers, steps, operations, elements, and/ or components, 
but do not preclude the presence or addition of one or 
more other features, integers, steps, operations, ele­
ments, components, and/or groups thereof. 
[0018) Embodiments of the invention are described 
herein with reference to cross-section illustrations that 
are schematic illustrations of idealized embodiments 
(and intermediate structures) of the invention. As such, 
variations from the shapes of the illustrations as a result, 
for example, of manufacturing techniques and/or toler­
ances, are to be expected. Thus, embodiments of the 
invention should not be construed as limited to the par­
ticular shapes of regions illustrated herein but are to in­
clude deviations in shapes that result, for example, from 
manufacturing. 
[0019) For example, an implanted region illustrated as 
a rectangle will, typically, have rounded or curved fea­
tures 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 
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implantation may result in some implantation in the region 
between the buried region and the surface through which 
the implantation takes place. Thus, the regions illustrated 

exhausts it out of the exit aperture 25 (or a separate exit 
aperture). 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 in the figures are schematic in nature and their shapes 

are not intended to illustrate the actual shape of a region 
of a device and are not intended to limit the scope of the 
invention. 

5 display. For this particular embodiment, the manifold fan 
assembly 211 is placed within the first manifold 30 and 

[0020) Unless otherwise defined, all terms (including 
technical and scientific terms) used herein have the same 
meaning as commonly understood by one of ordinary 10 

skill in the art to which this invention belongs. lt 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 ofthe relevant art and will not be interpreted 15 

in an idealized or overly formal sense unless expressly 
so defined herein. 
[0021) 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 20 

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 trans­
parent front plate 10. Exemplary embodiments may use 
two pieces of glass laminated with index-matching optical 25 

adhesive. Some front plates 10 may provide other utility 
such as anti reflection or polarizing functions. An inlet ap­
erture 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. 30 

[0022) 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. 
[0023) FIGURE 2 provides a rear perspective view sim- 35 

ilar 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 40 

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 45 

24 and/or exit aperture 25 and may or may not be placed 
within the heat exchanger 45 (as shown in Figure 2). 
[0024) Optionally, ambient gas 210 may also be ingest-
ed into the display through inlet aperture 24 (ora separate 
inlet aperture). Ambient gas 210 may then be directed 50 

through a first manifold 30 which travels along the edge 
of the display. The first manifold 30 accepts the single 
larger inlet flow of ambient gas 210 and distributes it into 
a plurality of smaller flows (channels 60) across the dis­
play. A second manifold 35 may be placed along the op- 55 

posite edge of the display as the first manifold 30. The 
second manifold 35 accepts the plurality of smaller flows 
(channels 60) and combines them into a single flow and 

4 

is used to draw the ambient gas 210 into the display as 
well as distribute the single flow into a plurality of smaller 
flows (channels 60). This is not required however, as 
some embodiments may place the manifold fan assem­
bly 211 in the second manifold 35, or within both the first 
and second manifolds 30 and 35. 
[0025) The first and second manifolds 30 and 35 may 
be placed along any opposing edges of the display. How­
ever, it is preferable that the first and second manifolds 
30 and 35 are placed along the vertical edges of the dis­
play with the channels 60 travelling horizontally. Other 
embodiments may place the first and second manifolds 
30 and 35 along the horizontal edges of the display with 
the channels 60 travelling vertically. 
[0026) While both flows of ambient gas may be used 
in an exemplary embodiment, there is no requirement 
that they are both used. Some embodiments may use 
only ambient gas 200 or ambient gas 210. Also, if using 
both flows of ambient gas 200 and ambient gas 210 there 
is no requirement that they share the same inlet and exit 
apertures. Thus, there may be separate inlet and exit 
apertures for the two flows of ambient gas. 
[0027) FIGURE 3 provides a perspective sectional 
view along the A-A section line shown in Figure 1 B. 

Again, ambient gas 200 may be ingested into the display 
through the inlet aperture 24 and pass through a heat 
exchanger 45 and exit the display through the exit aper­
ture 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 ap­
erture 24 may contain a filter or other coverings so that 
contaminates, insects, garbage, and/or water/fluids can­
not easily be ingested into the display. However, an ex­
emplary embodiment would not be damaged if the am­
bient 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 en­
ter the display. 
[0028) An electronic image assembly 50 may be 
placed behind the front plate 10. A plurality of channels 
60 may be placed behind the electronic image assembly 
50. Ambient gas 210 may be forced through the channels 
60 after travelling through the first manifold 30 (not shown 
here). The flow of ambient gas 210 behind the electronic 
image assembly 50 may be used to remove any buildup 
of heat from the rear portion of the electronic image as­
sembly 50. It may be preferable to have a thermally con­
ductive surface/plate on the rear portion of the electronic 
image assembly 50 so that heat can easily transfer to 
this surface/plate and be removed by the ambient gas 
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210. 
[0029] 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, hol- 5 

low square cross-sections, hollow rectangular cross-sec­
tion, solid rectangular or solid square cross-sections, 'T' 
cross-sections, 'Z' cross-sections, a honeycomb cross­
section, or any combination or mixture of these. The 
channels 60 are preferably thermally conductive and also 10 

preferably in thermal communication with the electronic 
image assembly 50. Thus, in a preferred embodiment, 
heat which accumulates on the rear portion of the elec­
tronic image assembly 50 may be transferred throughout 
the channels 60 and removed by ambient gas 210. Pref- 15 

erably, the channels 60 are metallic and even more pref­
erably aluminum. Further, in an exemplary embodiment 
the channels 60 are in conductive thermal communica-
tion with the electronic image assembly 50. 
[0030] FIGURE 4 provides a perspective sectional 20 

view along the 8-B section line shown in Figure 1 B. In 
this view, the path of the circulating gas 250 can also be 
observed. The space between the front plate 10 and the 
electronic image assembly 50 may define a front channel 
251, through which the circulating gas 250 may travel in 2s 
order to remove any accumulation of heat on the front 
surface of the electronic image assembly 50. The circu­
lating 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 30 

the heat exchanger 45, the circulating gas 250 may be 
re-directed into the front channel 251. In this way, the 
heat exchanger 45 and the front channel 251 are placed 
in gaseous communication with each other. 
[0031] The circulating gas 250 may also be directed 35 

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 mod­
ules, heat sinks, capacitors, motors, microprocessors, 40 

hard drives, AC/DC converters, transformers, or printed 
circuit boards. 
[0032] Also shown in this sectional view is the path of 
the ambient gas 210 travelling down one of the channels 
60 behind the electronic image assembly 50. In this em- 45 

bodiment, the ambient gas 210 is forced out of the first 
manifold 30, across the channels 60, and into the second 
manifold 35 by manifold fan assembly 211. In other 
words, each channel 60 preferably has an inlet which is 

particulate or contaminates because it travels in front of 
the electronic image assembly 50. Thus, to keep the im­
age 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. 
[0033] 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 se­
ries 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 to­
wards the heat exchanger 45. In this embodiment, a cir­
culating gas fan assembly 255 is used to draw the circu­
lating gas 250 through the front channel 251 and through 
the heat exchanger 45. Much like the other fan assem­
blies shown and described here, the circulating gas fan 
assembly 255 could be placed anywhere within the dis­
play, including but not limited to the entrance/exit of the 
heat exchanger 45 or the entrance/exit of the front chan­
nel 251. 
[0034] 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 com­
prised of a plurality of hollow blocks 503 sandwiched be­
tween a top plate 501 and bottom plate 502 with sections 
of the plates 501 and 502 removed to correspond with 
the hollow sections of the blocks 503. A portion of the 
top plate 501 has been removed to show the detail of the 
hollow blocks 503, first series of voids 550, and second 
series of voids 525. The cross through plate 500 could 
take on any number of forms and could be constructed 
in a number of ways. Some other embodiments may use 
a solid plate where the first and second series of voids 
550 and 525 are cut out of the solid plate. Other embod­
iments could use two sets of hollow blocks where the 

in gaseous communication with the first manifold 30 as 
well as an exit which is in gaseous communication with 
the second manifold 35. As shown in this Figure, the 
paths of the ambient gas 210 and the circulating gas 250 
may cross, but it is preferable to keep the two gases from 
mixing (as the ambient gas 210 may contain particulate 

50 hollow sections are perpendicular to each other and the 
blocks are fastened together. Still other embodiments 
could use a design similar to those that are taught below 
for the heat exchanger 45, for example any type of cross­
flow heat exchanger design could be used. Thus, an ex-

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 

55 emplary cross through plate 500 contains two gaseous 
pathways where the two pathways do not allow the gas-

5 

eous matter to mix. Here, the first gas pathway would be 
525 while the second gas pathway would be 550. 
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[0035) FIGURE 7 provides an exploded perspective 
view of one exemplary embodiment of the heat exchang­
er 45 and fan assembly 46. In this view, the fan assembly 

and can be used with any of the embodiments herein. 
The heat exchanger 45 may be a cross-flow, parallel flow, 
or counter-flow heat exchanger. In an exemplary embod­
iment, the heat exchanger 45 would be comprised of a 46 is shown removed from its mounted position within 

the fan housing 51. In this embodiment, the heat ex­
changer 45 is divided into two portions 47 and 48 where 
the fan housing 51 is used to provide a gaseous commu­
nication between the two portions 47 and 48. Here, the 

5 plurality of stacked layers of thin plates. The plates may 
have a corrugated, honeycomb, or tubular design, where 
a plurality of channels/pathways/tubes travel down the 
plate length-wise. The plates may be stacked such that 

fan assembly 46 is placed between the two portions 4 7 
and 48. While the fan assembly 46 can be placed any­
where so that it draws ambient gas 200 through the heat 
exchanger 45, it has been found that placing the fan as­
sembly 46 between the two portions of the heat exchang-

the directions of the pathways are alternated with each 
10 adjacent plate, so that each plate's pathways are sub­

stantially 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 er can provide a number of benefits. First, the volumetric 

flow rate of the ambient gas 200 through the heat ex­
changer is high, which results in better cooling capabili­
ties for the heat exchanger 45. Second, the noise pro­
duced by the fan assembly 46 can be reduced because 
the surrounding portions 47 and 48 ofthe heat exchanger 

15 gas. Because the plates are alternated, the circulating 
gas and ambient gas may travel in plates which are ad­
jacent to one another and heat may be transferred be­
tween the two gases without mixing the gases them­
selves (if the heat exchanger is adequately sealed, which 

45 essentially act as a muffler for the fan assembly 46. 
[0036) In this embodiment, portion 48 is thinner and 
longer than portion 4 7. This was done in order to free up 
more space within the housing so that additional elec­
tronic components could fit within the housing (adjacent 

20 is preferable but not required). 
[0038) 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 

to portion 48). As shown, the fan housing 51 maybe used 
channel may travel in a direction which is perpendicular 

25 to the pathways of the adjacent plates. This open channel 
to connect two portions of a heat exchanger which may 
be of different lengths. As shown, portion 48 of the heat 
exchanger is thinner than the fan housing 51. In an al­
ternative embodiment, both portions 48 and 47 may be 
thinner than the fan assembly 46 such that a fan housing 30 

51 may be used to provide a sealed gaseous communi­
cation between the two portions, even though they are 
both thinner than the fan assembly 51. This design may 
be preferable when it is desirable to create the largest 
possible heat exchanger 45 (for maximum cooling abili- 35 

ties) even though space is limited. 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 am­
bient gas 200, other embodiments could use a fan as- 40 

sembly placed within the heat exchanger to drive the cir­
culating 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). Some exemplary embodiments may place 45 

fans within the heat exchanger 45 to drive both the am­
bient gas 200 and circulating gas 250. 
[0037) The ambient gas 200 travels through a first 
pathway (or plurality of pathways) of the heat exchanger 
45 while the circulating gas 250 travels through a second 50 

pathway (or plurality of pathways) of the heat exchanger 
45. Although not required, it is preferable that the circu­
lating 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 55 

interior of the display. In a preferred embodiment, the 
heat exchanger 45 would be a cross-flow heat exchang-
er. However, many types of heat exchangers are known 

6 

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 (sub­
stantially perpendicular to the first direction) would travel 
through the pathways of the adjacent plates). 
[0039) Other types of cross-flow heat exchangers 
could include a plurality of tubes which contain the first 
gas and travel perpendicular to the path of the second 
gas. As the second gas flows over the tubes containing 
the first gas, heat is exchanged between the two gases. 
Obviously, there are many types of cross-flow heat ex­
changers and any type would work with the embodiments 
herein. 
[0040) An exemplary heat exchanger may have plates 
where the sidewalls have a relatively low thermal resist­
ance 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 in­
expensive. Metals are typically used for heat exchangers 
because of their high thermal conductivity and would 
work with these embodiments. However, it has been dis­
covered 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 
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lating gases 350 and 250 to cross paths with the ambient 
gas 210 without letting the two gases mix. 
[0044) In an exemplary embodiment, the backlight 320 
would contain a plurality of LEDs mounted on a thermally 

overall thermal resistance that is low. Thus, an exemplary 
heat exchanger would be made of plastic and would thus 
produce a display assembly that is thin and lightweight. 
Specifically, corrugated plastic may be used for each 
plate layer where they are stacked together in alternating 
fashion (i.e. each adjacent plate has channels which trav­
el in a direction perpendicular to the surrounding plates). 
[0041) FIGURE 8 provides a perspective sectional 
view of another embodiment which uses a flow of circu­
lating gas 350 through the backlight cavity of a liquid crys­
tal display (LCD) 300. In this embodiment, a LCD 300 
and an associated backlight 320 are used as the elec­
tronic image assembly. A backlight wall 330 may enclose 

5 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 conduc­
tive plate which may be in thermal communication with 
the channels 60. In an exemplary embodiment, the ther-

10 mally conductive plate would be metallic and more pref­
erably aluminum and the thermal communication be­
tween the channels 60 and the backlight 320 would be 
conductive thermal communication. 

the area between the LCD 300 and the backlight 320 in 
order to create a backlight cavity. Typically, the backlight 
cavity is closed to prevent contaminates/particulate from 
entering the backlight cavity and disrupting the opti­
cal/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 

[0045] As noted above, many electronic image assem-
15 blies (especially LEDs, LCDs, and OLEDs) may have 

performance properties which vary depending on tem­
perature. 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. 

of the LCD 300. An opening 340 can be placed in the 
backlight wall 330 to allow circulating gas 350 to flow 
through the backlight cavity. A fan assembly 360 may be 
used to draw the circulating gas 350 through the backlight 
cavity. In an exemplary embodiment there would be an 
opening on the opposing backlight wall (on the opposite 
side of the display as shown in this figure) so that circu­
lating gas 350 could easily flow through the backlight 
cavity. In this way, the backlight cavity is placed in gas­
eous communication with the heat exchanger 45. 

20 Thus, with the embodiments described herein, the heat 
which may be generated by the image assembly (some­
times containing a backlight assembly) can be distributed 
(somewhat evenly) throughout the channels 60 and ther-
mally-conductive surfaces to remove hot spots and cool 

25 the backlight and/or electronic image assembly. 
[0046) The circulating gases 250and 350, ambient gas 
200, and optional ambient gas 210 can be any number 
of gaseous matters. In some embodiments, air may be 
used as the gas for all. As well known by those of ordinary 

30 skill in the art, air typically contains some amount of water 
vapor. It should be noted that the use of the term 'gas' 

[0042) FIGURE 9 provides a perspective sectional 
view of an exemplary embodiment which uses a flow of 
circulating gas 350 through the backlight cavity in addi- 35 

tion to the flow of circulating gas 250 through the front 
channel 251 (the area defined between the LCD 300 and 
front plate 10). Circulating fan assembly 255 may be 
placed so that it can draw circulating gas 350 through 
the backlight cavity as well as circulating gas 250 through 40 

the front channel 251. As discussed above, the circulat-
ing 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). In this way, both the front channel 251 and 45 

the backlight cavity are placed in gaseous communica-
tion with the heat exchanger 45. 
[0043) Also shown in Figure 9 is the optional additional 
flow of ambient gas 210 which may travel immediately 
behind the electronic image assembly (in this embodi- 50 

ment backlight 320). Once travelling through the first 
manifold 30, the ambient gas 210 may pass through the 
channels 60 in order to remove heat from the backlight 
320 and even the channels 60 themselves (if they are 
thermally conductive). The manifold fan assembly 211 55 

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 circu-

7 

herein does not designate pure gas and that it is specif­
ically contemplated that any of the gaseous matters de­
scribed herein may contain some amount of impurities 
including but not limited to water vapor. Preferably, be­
cause the circulating gases 250 and 350 may travel in 
front of the image assembly and backlight respectively, 
they should be substantially clear, so that they will not 
affect the appearance of the image to a viewer. The cir­
culating gases 250 and 350 should also preferably be 
substantially free of contaminates and/or particulate 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 gases 
200 and 210 from having contaminates as well. Filters 
may be used to help reduce the particulate within ambient 
gases 200 and 210. Filters could be placed near the inlet 
aperture 24 so that ambient gases 200 and/or 210 could 
be drawn through the filter. However, in an exemplary 
embodiment the display may be designed so that con­
taminates could be present within the ambient gases 200 
and 210 but this will not harm the display. In these em­
bodiments, the heat exchanger 45, manifolds 30 and 35, 
channels 60, and any other pathway for ambient or cir­
culating gas should be properly sealed so that any con­
taminates in the ambient gas would not enter sensitive 
portions of the display. Thus, in these exemplary embod­
iments, ambient air may be ingested for the ambient gas-
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es 200 and 210, even if the ambient air contains contam­
inates or particulate. This can be particularly beneficial 
when the display is used in outdoor environments or in­
door environments where contaminates are present in 
the ambient air. 5 

[0047) The cooling system may run continuously. How­
ever, if desired, temperature sensing devices (not shown) 
may be incorporated within the electronic display to de-
tect when temperatures have reached a predetermined 
threshold value. In such a case, the various cooling fans 10 

may be selectively engaged when the temperature in the 
display reaches a predetermined value. Predetermined 
thresholds may be selected and the system may be con­
figured to advantageously keep the display within an ac­
ceptable temperature range. Typical thermostat assem- 15 

blies can be used to accomplish this task. Thermocou-
ples may be used as the temperature sensing devices. 
[0048) It is to be understood that the spirit and scope 
of the disclosed embodiments provides for the cooling of 
many types of electronic image assemblies. As used 20 

herein, the term 'electronic image assembly' is any elec­
tronic assembly for creating an image. At this time this, 
these are LCD (all types), light emitting diode (LED), or­
ganic light emitting diode (OLEO), field emitting display 
(FED), light emitting polymer (LEP), organic electro lu­
minescence (OEL), plasma displays, and any thin/flat 
panel electronic image assembly. Furthermore, embod­
iments may be used with displays ofother types including 
those not yet discovered. In particular, it is contemplated 

25 

that the system may be well suited for use with full color, 
flat panel OLEO displays. Exemplary embodiments may 
also utilize large (55 inches or more) LED backlit, high 
definition liquid crystal displays (LCD). While the embod­
iments described herein are well suited for outdoor en­
vironments, they may also be appropriate for indoor ap­
plications (e.g., factory/industrial environments, spas, 
locker rooms) where thermal stability of the display may 
be a concern. 
[0049) 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. 
[0050) Having shown and described preferred embod­
iments, those skilled in the art will realize that many var­
iations and modifications may be made to affect the de­
scribed embodiments and still be within the scope of the 
claimed invention. Additionally, many of the elements in­
dicated 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, there­
fore, to limit the invention only as indicated by the scope 
of the claims. 

Claims 

1. A system for cooling an electronic image assembly 
with ambient gas, the system comprising: 

30 

35 

40 

45 

50 

55 

8 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

a plurality of channels (60) placed behind the 
electronic image assembly (50), each channel 
having an inlet and exit; 
a first manifold (30) in gaseous communication 
with the inlet of each channel (60); 
a second manifold (35) in gaseous communica­
tion with the exit of each channel (60); 
a fan (211) positioned to force ambient gas 
through the channels (60); 
a front plate ( 10) placed in front of the electronic 
image assembly (50), the space between the 
front plate and the electronic image assembly 
defining a front channel (251 ); 
a circulating fan (255) positioned to force circu­
lating gas through the front channel (251); and 
a cross through plate (500) having a first path­
way (525) for circulating gas (250) traveling 
through the front channel (251) and a second 
pathway (550) for ambient gas (210) traveling 
through the plurality of channels (60) behind the 
electronic image assembly (50). 

The cooling system of claim 1 wherein: 
the channels (60) are in thermal communication with 
the electronic image assembly (50). 

The cooling system of claim 1 or 2 wherein: 
the first (30) and second (35) manifolds are placed 
along a pair of vertical edges of the electronic image 
assembly (50). 

The cooling system of any one of claims 1-3 wherein: 
the fan (211) is placed within either the first or second 
manifold. 

The cooling system of any one of claims 1-4 wherein: 
the channels (60) are arranged in horizontal rows. 

The cooling system of any one of claims 1-5 wherein: 
the channels (60) are metallic. 

The cooling system of any one of claims 1-6 wherein: 
the first (525) and second (550) gas pathways are 
substantially perpendicular. 

The cooling system of any one of claims 1-7 wherein: 
the first (525) and second (550) gas pathways do 
not allow the ambient gas and circulating gas to mix. 

The cooling system of any one of claims 1-8 further 
comprising: 

a heat exchanger ( 45) having first and second 
gas pathways; and 
a fan assembly (46) placed within the heat ex­
changer (45) to draw ambient gas (200) through 
the first gas pathway of the heat exchanger (45); 
wherein the circulating fan (255) is placed to 
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draw circulating gas (250) through the second 
gas pathway of the heat exchanger (45). 

10. The cooling system of any one of claims 1-8 further 
comprising: 

a heat exchanger (45) in gaseous communica-

5 

tion with the front channel (251 ), the heat ex­
changer comprising two portions (48) and (47), 
each portion having first and second gas path- 10 

ways, where the first gas pathways are in gas­
eous communication with inlet (24) and exit (25) 
apertures for ambient gas (200) and the second 
gas pathways are in gaseous communication 
with the channel (251 ); and 15 

a fan assembly (46)placed between the two por­
tions (48) and (47) of the heat exchanger (45) 
to force ambient gas (200) through the first gas 
pathways; 
wherein the circulating fan (255) is positioned to 20 

force circulating gas (250) through the second 
gas pathways. 

11. The cooling system of any one of claims 9 and 10 
wherein: 25 

the heat exchanger (45) is comprised of corrugated 
layers. 

12. The cooling system of any one of claims 9 and 10 
wherein: 30 

the heat exchanger (45) is a cross-flow heat ex­
changer. 

13. The cooling system of any one of claims 1-12 where­
in: 
the front plate 10 is transparent. 

14. The cooling system of any one of claims 1-13 where­
in: 

35 

the circulating fan (255) is positioned to force circu- 40 

lating gas in a closed loop that passes through the 
front channel (251 ). 

15. The cooling system of any one of claims 1-14 where­
in: 

the electronic image assembly (50) comprises 
a backlight; and 
the channels (60) are in thermal communication 

45 

the backlight. 50 

55 

9 

16 
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(57) Abstract: A pair of electronic dis­
plays (30 and 31 ) are placed back to 
back and are configured for mounting to 
a vehicle. A pair of thermal plates ( 126 
and 127) are located behind the electron­
ic displays and a pair of transparent 
plates (35 and 36) are located in front of 
the electronic displays. A closed loop of 
air travels vertically through the space 
between the electronic displays and 
transparent panels and through a closed 
loop plenum. An open loop of air travels 
horizontally through the space bet\:veen 
thennal plates and the rear surface of the 
electronic displays. 

SEC et al. v. MRI 
SEC Exhibit 1022.1747 

IPR2023-00221



WO 2017 /15 2166 A 1 1111111111111111 IIIIII IIIII 11111111111111 I II Ill lllll lllll lllll lllll lllll 11111111111111111111111 

- before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments (Rule 48.2(h)) 

SEC et al. v. MRI 
SEC Exhibit 1022.1748 

IPR2023-00221



1 

O'I 
,......; 

O COOLING SYSTEM FOR DOUBLE SIDED DISPLAY ASSEMBLY 
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~ CROSS REFERENCE TO RELATED APPLICATIONS 

t.n 
O [0001] The application claims priority from US Provisional Patent Application No. 

62/303,806 filed on March 4, 2016, which is hereby incorporated by reference in its 

~ entirety. 
"'1'" 
~ TECHNICAL FIELD 
N r-,......; [0002] Embodiments of the present invention generally relate to cooling systems for 
0 
N 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 

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

ameliorate, one or more disadvantages of existing arrangements. 

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

assembly for mounting to a roof of a vehicle comprising: a housing adapted to be 

mounted to the roof of the vehicle; a first electronic display and a second electronic 

display positioned in a back to back arrangement within the housing, wherein each of 

said first electronic display and said second electronic display has a front surface and a 

rear surface; a first transparent panel and a second transparent panel, wherein each of 

said first transparent panel and said second transparent panel is positioned in front of 

the front surface of one of the first electronic display and the second electronic display; 

a first thermal plate and a second thermal plate, wherein each of said first thermal plate 

and said second thermal plate is positioned behind the rear surface of one of the first 

electronic display and the second electronic display; an open loop pathway comprising: 
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an inlet aperture in the housing for ingesting ambient air; a first open loop channel and 

a second open loop channel, wherein each of the first open loop channel and the 

second open loop channel is located between one of the first thermal plate and the 

second thermal plate, respectively, and the rear surface of one of the first electronic 

display and the second electronic display, respectively; a number of entrance apertures 

located on each of the first thermal plate and the second thermal plate, wherein each of 
0 
~ said entrance apertures is configured to permit gaseous communication between the 
-.::::1"' oo inlet aperture and the first open loop channel and the second open loop channel, 
N 
N respectively; an exhaust aperture in the housing for exhausting ambient air; and a 
r-
,......; number of exit apertures located on each of the first thermal plate and the second 
0 
N thermal plate, wherein each of said exit apertures is configured to permit gaseous 

communication between the exhaust aperture and the first open loop channel and the 

second open loop channel, respectively; wherein the open loop pathway is configured 

to accept a flow of ambient air, split said flow after entering the inlet apertures such that 

a portion of said flow travels through each of said first open loop channel and the 

second open loop channel, by way of each of said entrance apertures, and rejoin said 

split flow, after exiting each of said exit apertures, prior to exhausting the flow through 

the exhaust aperture; and a closed loop pathway comprising: a first closed loop 

channel and a second closed loop channel, wherein each of said first closed loop 

channel and the second closed loop channel is located between one of the first 

transparent panel and the second transparent panel, respectively, and one of the first 

electronic display and the second electronic display, respectively; and a closed loop 

plenum defined by the first thermal plate and the second thermal plate, wherein the 

closed loop plenum is configured to permit gaseous communication with each of the 

first closed loop channel and the second closed loop channel. 

[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 components and in some 

embodiments the open loop air also removes heat from an LED backlight (or LED 
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