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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] Figure 10 is a top sectional view taken along section line A-A of figure 7;
[0023] Figure 11 is a side sectional view taken along section line B-B of figure 7;
[0024] Figure 12A is a rear perspective view of another exemplary assembly;
[0025] Figure 12B is a rear perspective view of another exemplary assembly;
[0026] 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 assembilies 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 assembily 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 10 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
6
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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
8
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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 (OLED) 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
contemplated.

[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 1U
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. lllumination 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
15
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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
16
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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 135 may be configured to provide a substantially air and water
tight seal or otherwise provide ingress and egress protection. This may help to reduce
the number of pass through points in the assembly 100 and simplify the cabling.
Additionally, the pass through devices 135 may provide a single or limited number of
connection or disconnection points for removing the wiring for servicing the side
assemblies 114. In exemplary embodiments, the electronics cavity 118 may provide a
cooled, powered, connected, and/or sealed area for electronic components, such as but
not limited to, the electronic components 130 and the additional electronic components
144.

[0079] When either or both the of side assemblies 114 are placed in the open
position, the electronics cavity 118 may be exposed. This may allow access to the
electronics cavity 118, the plate 142, and the electronic components 130 such that
personnel may service the electronic components 130 located therein. In exemplary
embodiments, the side assemblies 114 may be selectively locked to the frame 112 such
that the respective side assembly 114 cannot normally be moved from the closed position
unless unlocked. This may assist in restricting access to the electronics cavity 118 to
authorized personnel.

[0080] The frame 112 may comprise interior and exterior surfaces. In exemplary
embodiments, a lower gap 140 may be located in the space between the interior and
exterior surfaces of the frame 112 along a lower portion thereof. Stated another way, the
lower gap 140 may be located between the bottom of the electronics cavity 118 and the

bottom of the frame 112.
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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 assembilies
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
19

SEC et al. v. MRI
SEC Exhibit 1022.5516
IPR2023-00221



WO 2018/200260 PCT/US2018/027970

other steps, may be required. A replacement side assembly 114 may then be installed.
Additionally, the connection of wiring, along with other steps, may be required. The side
assembly 114 being serviced may then be returned to a service center for servicing. This
may minimize downtime of the assembly 100.

[0089] Figure 18A is a detailed perspective view of Detail B of figure 15 also
illustrating the otherwise hidden strut 152. Figure 18B is a top perspective view of the
assembly 100 of figure 18A illustrated with the side assembly 114 in the open position.
As can be seen, the strut 152 may be moved between a supporting and a stored position.
The strut 152 may rotated into the stored position such that the strut 152 is substantially
aligned with the side assembly 114 when the side assembly 114 in the closed position.
In this way, the strut 152 is no longer bearing the weight of the side assembly 114 and
may be stored within the respective side assembly 114 when the strut 152 is not being
used to keep the side assembly 114 in the open position. The strut 152 may be rotated
into the supporting position where the strut 152 is secured at an angle to the frame 112
such that the side assembly 114 may be propped or otherwise held in the open position.
In exemplary embodiments, the strut 152 may comprise a notch 153 configured to be
temporarily secured to a corresponding bracket or groove located on the frame 112 such
that the strut 152 bears some or all of the weight of the side assembly 114 so as to prop
or hold the respective side assembly 114 in the open position.

[0090] Figure 19A through figure 20 illustrates another exemplary embodiment of
the assembly 210. Similar features have been similarly numbered but increased by 100
(e.g., assembly 10 and 110 now assembly 210). The assembly 210 may comprise a
second open loop channel 262 for ambient air. The second open loop channel 262 may
be located in one or more of the side assemblies 214. In exemplary embodiments, the
second open loop channel 262 is located in the side assembly or assemblies 214
comprising a cover or a poster holder, though it is contemplated that the second open
loop channel 262 may be located in any side assembly 214, including those comprising
digital displays. The second open loop channel 262 may be located behind an open loop
channel cover 264. An open loop channel plate 266 may be located behind said open
loop channel cover 264. In exemplary embodiments, the open loop channel plate 266 is
spaced apart from, and located substantially parallel to, the open loop channel cover 264.
The open loop channel cover 264 may have substantially the same surface area as the
open loop channel plate 266, though such is not required. In exemplary embodiments,
the open loop channel cover 264 may be the outermost surface of the respective side of
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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. 1t 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
22
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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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CLAIMS
WHAT IS CLAIMED IS:
1. Afield 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 1U 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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International application No.
PCT/US 18/27970

A. CLASSIFICATION OF SUBJECT MATTER

CpPC

HOSK 7/20972, HO4N 5/64, Y10T 29/4973
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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. [f 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
2
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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 7A also indicating
section line B-B;
[0019] Figure 8 is a top sectional view taken along section line B-B of figure 7B
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] Figure 13 provides another angle of Detail B of figures 11-12;

[0025] Figure 14 is a detailed top perspective sectional view of Detail C of figure
11;

[0026] Figure 15 is a detailed top perspective sectional view similar to figure 14

illustrated in greater detail and from a different angle;
[0027] Figure 16 is another exemplary pressure analysis similar to figure 6;
[0028] 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(S)

[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

4
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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
contemplated.
[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
5
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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 10. 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
contemplated.
[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.

6
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[0038] The supports 47 may extend from the rear surface of the electronic display
14 to support various components, such as but not limited to, a diffuser, optical films, a
transparent sheet, or the like, located between the electronic display 14 and the backlight
30. The supports 47 may be spaced apart from the backlight 30 or the electronic display
14 at one or more locations to define an entrance gap and an exit gap for the backlight
cavity gas 25 to enter or exit the backlight cavity 36, respectively. In other exemplary
embodiments, the supports 47 may comprise a number of aperture which define the
entrance gap and the exit gap. As will be explained in greater detail herein, the backlight
cavity gas 25 may be maintained at a lower pressure relative to the circulating gas 24
traveling through the first gas pathway 22, though such is not required.

[0039] In exemplary embodiments, the pressure of the backlight cavity gas 25 may
be kept relatively low by controlling the amount or speed of the backlight cavity gas 25
permitted to enter and exit the backlight cavity 36. The amount or speed of the backlight
cavity gas 25 may be controlled, at least in part, by the dimensions and/or shape of the
backlight cavity 36. In exemplary embodiments, the gap between the supports 47 and
the front surface of the backlight 30 may be sized and configured to control the amount
or speed of the backlight cavity gas 25 allowed to enter and exit the backlight cavity 36.
In exemplary embodiments, the gap between the support 47 located at the entrance to
the backlight cavity 36 may be smaller than the gap between the support 47 located at
the exit of the backlight cavity 36 to reduce the pressure of the backlight cavity gas 25.
[0040] Alternatively, or in addition, the amount or speed of air permitted to enter
and exit the backlight cavity 36 may be controlled by brackets 48. In exemplary
embodiments, a first bracket 48 is located on the side of the backlight cavity 36 which
receives the backlight cavity gas 25 and a second bracket 48 is located on the side of the
backlight cavity 36 where the backlight cavity gas 25 exits the backlight cavity 36. The
brackets 48 may be substantially shaped as an upside-down “L” and may extend from
either edge of the electronic display 14 so as to also frame the backlight cavity 36. The
gap between the bracket 48 and the surrounding structure, including but not limited to,
the backlight 30 and the corrugation layer 38, may be sized and configured to control the
amount or speed of the backlight cavity gas 25 allowed to enter and exit the backlight
cavity 36. In exemplary embodiments, the gap between the bracket 48 located at the
entrance to the backlight cavity 36 may be smaller than the gap between the bracket 48
located at the exit of the backlight cavity 36 to reduce the pressure of the backlight cavity
gas 25.
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[0041] In exemplary embodiments, some or all of the brackets 48 may comprise an
angled section 49 extending from an end thereof. This angled section 49 may be angled,
oriented, sized, shaped, and otherwise configured to likewise to control the amount or
speed of the backlight cavity gas 25 allowed to enter and exit the backlight cavity 36. In
exemplary embodiments, the angled section 49 may only be located on the exit of the
backlight cavity 36 to assist in reducing the pressure of the backlight cavity gas 25.
[0042] In exemplary embodiments, the angled section 49 may extend towards the
side of the housing. The angled section 49 may extend into the flow of circulating gas 24
passing from the first gas pathway 22 into the second gas pathway 26. The angled section
49 may disrupt a portion of such flow and instead permit said backlight cavity gas 25 to
rejoin the remainder of the circulating gas 26. As the angled section 49 may restrict the
flow of circulating gas 24 passing from the first gas pathway 22 into the second gas
pathway 26, the angled section 49 may create a venturi effect and result in a lower
pressure area near the exit of the backlight cavity 36. This lower pressure area may force
or encourage the backlight cavity gas 25 to enter, flow through, and exit the backlight
cavity 36. This may affect the relatively pressure of the backlight cavity gas 25 and the
resulting forces on the electronic display 14. The angle of the angled section 49 may be
engineered and adjusted to provide a desirable flow through the backlight cavity 36 and
resulting force on the electronic display 14.

[0043] The amount or speed of the circulating gas 24 permitted to enter and exit
the backlight cavity 38 (the backlight cavity gas 25) may be predetermined to account for
anticipated bowing of the electronic display 14. Indeed, the amount or speed of the
backlight cavity gas 25 may determine the pressure of the backlight cavity gas 25, and
thus the resulting force on the electronic display 14. For example, without limitation,
enough resulting force may be desirable to substantially cancel out the bowing of the
electronic display 14. However, too much resulting force may compress the electronic
display 14, resulting in image distortion and/or damage to the electronic display 14. In
exemplary embodiments, a pressure difference between 0-0.5 psi between the circulating
gas 24 flowing through the first gas pathway 22 and the backlight cavity gas 25 may be
desirable, though any relative pressures are contemplated. For example, without
limitation, the supports 47, the brackets 48, and the angled section 49 may be sized to
create a predetermined relative pressure drop. Similarly, the angle of the angled section
49 may be selected to create a predetermined relative pressure drop. It is contemplated
that other control devices may be used to control the amount or speed of the backlight
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cavity gas 25 such as, without limitation, fans, structural obstructions, diffusers, filters,
throttles, valves, flow splitters, or the like.
[0044] Figure 3 is a top sectional view of another exemplary display assembly 10
embodiment taken along section line A-A of figure 1. The display assembly 10 illustrated
and described with respect to figure 3 is similar to the display assembly 10 illustrated with
respect to figure 2 with the addition of a second electronic display 14 placed back to back
with the first electronic display 14. Related components for the second electronic display,
such as but not limited to, a second cover panel 12, a second backlight cavity 36, may
likewise be placed back to back with the first electronic display 14. In this embodiment,
the circulating gas 24 may separate after traveling through the second gas pathway 26
such that a portion flows in front of each electronic display 14. Similarly, a portion of the
circulating gas 24 may be separated and may flow as backlight cavity gas 25 through
each respective backlight cavity 36. The circulating gas 24 flowing in front of each of the
respective electronic display 14 may be rejoined at the other end of the first gas pathway
22 and flow through the second gas pathway 26. In such embodiments, the second gas
pathway 26 may share a common heat exchanger 28, electronics, electronics cavity 34,
and other related components, though such is not required. It is contemplated that
separate closed loop pathways may instead be utilized. It is further contemplated that
additional electronic displays 14 in various locations are contemplated.
[0045] Figure 4 is a top sectional view similar to figure 2 illustrating an exemplary
pressure analysis for the display assembly 10. Similarly, figure 5 is a top sectional view
similar to figure 3 illustrating an exemplary pressure analysis for the display assembly 10.
Figures 4 and 5 demonstrate how bowing of the electronic display 14 may be reduced or
eliminated. These analyses are merely exemplary and are not intended to be limiting.
Any dimensions, temperatures, pressures, and the like are contemplated.
[0046] As can be seen in both figure 4 and figure 5, the pressure of the backlight
cavity gas 25 located in the backlight cavity 38 is relatively low as compared to the
pressure of the circulating gas 24 located in the first gas pathway 22 along the entirety of
the first gas pathway 22. For example, but not to serve as a limitation, the pressure of
the backlight cavity gas 25 is illustrated as green, thereby indicating a lower pressure, as
compared to the pressure of the circulating gas 24 in the first gas pathway 22 which is
illustrated yellow to indicate a higher pressure. The indicated pressure drop may create
forces which counteract the bowing of the electronic display 14 that may otherwise occur,
leading to decreased or eliminated bowing of the electronic display 14 as shown.
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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 75.11163992
-28 -14 4.25 15.64552538 73.22106861
28 0 4.25 15.65053391 76.47154539
14 0 4.25 15.64505628 76.15458164
o 0 4.25 15.64821219 72.39194399
-14 0 4.25 15.64801795 71.92008026
-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

3

3 \\\ 3 2R Q\ =

Table 1

P
%

3

7

////

L

28 -14 3.37 15.64622021 87.70353149
14 -14 3.37 15.64566772 87.96110944
o -14 3.37 15.64512518 51.58209795
-14 -14 3.37 15.644584 79.94765992
-28 -14 3.37 15.64401504 79.7297815
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88.11854204

3.37

15.64556531

86.24853469

3.37

15.64509058

77.61667113

3.37

15.64448586

75.67236919

ol O] ©] O] ©

3.37

15.64400603

74.72774976

14

3.37

15.64606925

89.41454757

14

3.37

15.64557001

82.3178322

14

3.37

15.6449758

83.04160394

14

3.37

15.64443134

76.65225751

14

3.37

15.64397409

71.0659114

Table 2

0.002357311
0.0007598346
0.000337611
0.000303201
0.001910336
0.004376755
0.003450969
0.003121612
0.003532089
0.00428918S
0.007236418
0.007642077
0.008102352
0.007985777
0.0077159
Table 3

CHART DATA

Table 4

[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
11
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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 7A and Figure 7B illustrate another exemplary display assembly 10
in accordance with the present invention. Ambient air 44 may be ingested into the top of
the display assembly 10 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
12
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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:

13954188
-1i3 27 3.4% 15.953145981
-2 341 13, 12

5 B ERad
i) 7 I.3%
i3 -27 3.4%
3 & 3.4L
3 37 341

[

-7 2.3 15. =
B 4.3 15.858247528

oo e |t
i |63 [t [ e | en | ea |05 |3

1 27 43 15.95025932
Table 5
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[0056] Figure 17 through figure 19 illustrate an exemplary air flow velocity analysis
for the display assembly 10. As can be seen in these figures, a portion of the circulating
gas 24 (i.e., the backlight cavity gas 25) may enter the backlight cavity 36 and travel
therethrough at generally a relatively lower velocity as compared to the circulating gas 24
traveling through the first gas pathway 22. Also, the angled sections 49 may create an
eddy of circulating gas 24 in an area 51 around the angled sections 49 resulting in slowed
circulating gas 24 exiting the area 51. Regardless, this area 51 may comprise circulating
gas at a relatively low pressure as compared to the circulating gas 24 in the surrounding
area. The illustrated analysis is merely exemplary and is not intended to be limiting.
[0057] Although the flow of the ambient air 44 and the circulating gas 24 may be
shown and described herein with respect to particular directions and orientations, it is
contemplated that the ambient air 44 and the circulating gas 24 may flow in other
directions. For example, without limitation, ambient air 44 and circulating gas 24 shown
as flowing clockwise may flow counter-clockwise, when shown flowing vertically from top
to bottom may flow from bottom to top, when shown flowing horizontally from right to left
may flow from left to right, when shown flowing vertically may flow horizontally, when
shown flowing horizontally may flow vertically, and the like.

[0058] Any embodiment of the present invention may include any of the optional or
preferred features of the other embodiments of the present invention. The exemplary
embodiments herein disclosed are not intended to be exhaustive or to unnecessarily limit
the scope of the invention. The exemplary embodiments were chosen and described in
order to explain the principles of the present invention so that others skilled in the art may
practice the invention. Having shown and described exemplary embodiments of the
present invention, those skilled in the art will realize that many variations and
modifications may be made to the described invention. Many of those variations and
modifications will provide the same result and fall within the spirit of the claimed invention.
It is the intention, therefore, to limit the invention only as indicated by the scope of the

claims.
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CLAIMS

WHAT IS CLAIMED IS:

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.
The apparatus of claim 1 further comprising:
an open loop pathway for ambient air located behind said backlight.
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.
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.
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
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are located in a back to back arrangement with the cover panel, the display
assembly, and the backlight, respectively.
7. The apparatus of claims 1 further comprising:

a first and second support located at an entrance and an exit, respectively, of the
backlight cavity, wherein said first and second supports define an entrance
gap and an exit gap, respectively, for the circulating gas to enter or exit the
backlight cavity.

8. The apparatus of claim 7 wherein:
the entrance gap is smaller than the exit gap.
9. The apparatus of claim 1 further comprising:

a first and second bracket located at an entrance and an exit, respectively, of the
backlight cavity, wherein said first and second brackets define an entrance
gap and an exit gap, respectively, for the circulating gas to enter or exit the
backlight cavity.

10. The apparatus of claim 9 wherein:
the entrance gap is smaller than the exit gap.
11. The apparatus of claims 9 wherein:

the second bracket comprises an angled section located on a distal end of said

bracket and extending towards the side of said housing.
12. The apparatus of claim 11 wherein:

the angled section is configured to create a venturi effect on circulating gas passing

from the first gas pathway to the second gas pathway.
13. The apparatus of claim 1 wherein:

the closed loop pathway is configured such that the pressure of the circulating gas
passing through the backlight cavity is lower than the circulating gas passing
through the first gas pathway.

14.The apparatus of claim of 13 wherein:

the pressure of the circulating gas passing through the backlight cavity is between
0 and .5 psi lower than the circulating gas passing through the first gas
pathway.

15. The apparatus of claim 2 further comprising:

at least one circulating gas fan located within the second gas pathway for moving
the circulating gas through the closed loop pathway; and

at least one ambient air fan located within the open loop pathway for moving

16
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the ambient air through the open loop pathway.
16. An apparatus for preventing bowing of an electronic display comprising:

a housing;

a cover panel, wherein the electronic display is located behind, spaced apart
from, and substantially parallel to said cover panel;

a backlight located behind, spaced apart from, and substantially parallel to said
electronic display, wherein the space between the backlight and the
electronic display defines a backlight cavity;

a closed loop pathway for circulating gas encircling the electronic display and
comprising the space between said cover panel and said electronic display,
the backlight cavity, and a space between said housing and said backlight;
and

an open loop pathway located in the space between said housing and said
backlight.

17.The apparatus of claim 16 further comprising:

a first and second bracket located at an entrance and an exit, respectively, of the
backlight cavity, wherein said first and second brackets define an entrance
gap and an exit gap, respectively, for the circulating gas to enter or exit the
backlight cavity, wherein the entrance gap is smaller than the exit gap;

an angled section located on a distal end of the second bracket and extending
towards the side of said housing; and

a first and second support located at the entrance and the exit, respectively, of the
backlight cavity, wherein said first and second supports define an second
entrance gap and a second exit gap, respectively, for the circulating gas to
enter or exit the backlight cavity, wherein the second entrance gap is smaller
than the second exit gap.

18. The apparatus of claim 17 wherein:

the first and second brackets comprise a first set of apertures which define the
entrance gap and the exit gap; and

the first and second supports comprise a second set of apertures which define the
second entrance gap and the second exit gap.

19. The apparatus of any of claims 16-18 wherein:

the electronic display comprises liquid crystals; and

the backlight comprises light emitting diodes.
17
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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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SYSTEM FOR THERMALLY CONTROLLING AN ELECTRONIC
DISPLAY WITH REDUCED NOISE EMISSIONS

Inventaors: William Dunn, Tim Hubbard, and Ware Bedell

Teachnical Field

[0001] Exemplary embodiments generally relate to cooling systems and in particular

to cooling systems for electronic displays.

Background of the Art
[0002] Improvements to slectronic displays now allow them to be used in outdoor

environments for informational, advertising, or entertainment purposes. While displays
of the past were primarily designed for operation near room temperature, it is now
desirable to have displays which are capable of withstanding large surrounding
environmental temperature variations. For example, some displays are capable of
operating at temperatures as low as -22F and as high as 113 F or higher., When
surrounding temperatures rise, the cooling of the internal display componants can
become sven more difficult.

[0003] Additionally, modem displays have become extremely bright, with some
backlights producing 1,000-2,000 nits or more. Sometimes, these ilumination levels
are necessary because the display is being used outdoors, or in other relatively bright
areas where the display illumination must compete with other ambient light. In order to
produce this level of brightness, illumination devices and electronic displays may
produce a reiatively 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/m? or more through such a front display surface is common. Furthermore, the
market is demanding larger screen sizes for displays. With increased electronic display
screen size and corresponding front display surfaces, more heat will be generated and
more heat will be transmitted into the displays.
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[0005] Exemplary modern displays have found some effective means for coaling the
displays including circulating a closed loop of gas around the display and drawing
ambient gas through the display so that the closed loop of gas may be cooled (as well
as portions of the elecironic display). Various thermal communications have been
discovered which can transfer heat away from the sensitive electronic components and
out of the display. Heat exchangers were found to produce an excellent means for
transferring heat between the closed loop of gas and the ambient gas. However,
previous designs for moving the gas through the display have been found to generate
an undesirable amount of noise emission from the display as well as thermal gradients
where portions of the display were cooled but others remained warm.

[0008] When using LCD displays, it was found that backlights were often a source of
heat and it was desirable to move gas across the rear surface of the backlight in order
to cool it. While desirable, it was thought that the front surface of the backlight could
not be cooled for fear that the backlight cavity would become contaminated with dust,
dirt, or other particulate.

Summary of the Exemplary Embodiments

[0007] In an aspect, there is provided an assembly for cooling an electronic image
assembly within a housing having an inlet aperture for ambient gas, exit aperture for
ambient gas, and internal cavity for circulating gas. The assembly comprises a first
portion of a heat exchanger which accepts ambient gas from the inlet aperture. A
second portion of a heat exchanger accepts ambient gas from the first portion. A
channel is placed behind the electronic image assembly and in gaseous communication
with the inlet and exit apertures. A first fan is positioned between the first and second
portions which forces ambient gas through the first portion, second portion, and the
channel. A second fan forces circulating gas through the internal cavity and at least
one of the heat exchanger portions.

[0008] In another aspect, there is provided an electronic display assembly comprising
a housing having an inlet aperture and exit aperture for ambient gas. An electronic
image assembly is within the housing. A transparent front plate is in front of the
electronic image assembly, and the space between the transparent front plate and the

electronic image assembly defines a front channel. A rear plate is placed behind the
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electronic image assembly, and the space between the rear plate and the electronic
image assembly definas a rear channel. A heat exchanger is in gaseous
communication with the front channel. The heat exchanger comprises two portions,
each portion having first and second gas pathways, where the first gas pathways are in
gaseous communication with the inlet and exit apertures and the second gas pathways
are in gaseous communication with the front channel. An ambient gas fan assembly is
placed beiween the two portions of the heat exchanger to force ambient gas through
the first gas pathways and through the rear channel; and a circulating gas fan assembly
is positioned to force circulating gas through the front channel and the second gas
pathways.

[0009] In another aspect, there is provided a thermally-controlled liquid crystal display
(LCD) assembly comprising a housing having an inlet aperture and exit aperture for
ambient gas. A LED backlight has a rear surface and placed within the housing. A
liquid crystal display (LCD) has a front surface and placed in front of the LED backlight
and within the housing. A transparent front plate is in front of the LCD, and the space
between the transparent front plate and the LCD defines a front channel. A rear plate
is placed behind the rear suiface of the LED backlight. A plurality of ribs is placed
between the rear plate and LED backlight, and the space between the rear plate, LED
backlight, and ribs defines a plurality of rear channels. A heat exchanger has a first gas
pathway in gaseous communication with the front channel, and a second gas pathway
is in gaseous communication with the inlet and exit apertures. An ambient gas fan
assembly is placed within the heat exchanger fo force ambient gas into the inlet
aperture, through the second gas pathway and the rear channels, and out of the exit
aperture. A circulating gas fan assembly is positioned to force circulating gas through
the front channel and the first gas pathways.

[0010] Exemplary embodiments may use a combination of circulating gas and
ambient gas in order to adequately cool an electronic display. Circulating gas may be
used to remove heat from the front of the image assembly. Circulating gas may also be
used to remove heat from internal electronic assemblies. When using a LCD as the
electronic image assembly, circulating gas may also be used to remove heat from the
backlight cavity of the LCD. Because the gas is only circulating within the display, it can
remain free of particulate and contaminates and will not harm the display.
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[0011] Ambient gas may be ingested into the display in order to cool the circulating
gas. The ambient gas and the circulating gas may be drawn through a heat exchanger
which will aliow the heat to transfer from the circulating gas to the ambient gas,
preferably without letting the ambient and circulating gases mix with one ancther. An
exemplary embodiment would use a cross-flow heat exchanger. An additional flow of
ambient gas can be drawn across the rear surface of the image assembly to remove
heat from the rear portion of the image assembly. When using a LCD as the electronic
image assembly, this additional flow of ambient gas can be used to remove heat from
the rear portion of the backlight for the LCD.

[0012] [n order to reduce noise emissions, the fans which drive the ambient and/or
circulating gas through the heat exchanger may be placed within the heat exchanger (or
between two separate heat exchangers), which can then act as a muffler and reduce
the noise emitted by the fans, Further, if using the additional ambient gas pathway
behind the electronic image assembly, a manifold may be used to collect the ambient
gas along an edge of the display and distribute this into @ number of smaller flows. The
fans for driving this additional ambient gas pathway can be placed within the manifold in
order to reduce the noise emitted by the fans and provide an even distribution of
ambient gas across the display. In an exemplary embodiment, a single fan assembly
can be used to drive the ambient gas through both the heat exchanger(s) and behind
the slectronic image assembly.

[0013] It has been found that ingesting ambient gas from the top or bottom edge of
the display is preferable as these edges are not typically observable o the viewer.
However, when ingesting ambient gas from the top or bottom of a portrait-oriented
display, it has been found that as the cool ambient gas travels across the rear portion of
the electronic image assembly and accepts heat it increases in temperature. Once the
gooling air reaches the opposite edge (either top or bottorm), it may have increased in
temperature substantially and may no longer provide adequate cooling to the opposing
portion of the display. Thus, the manifolds herein allow for cool ambient air fo
adequately cool the entire electronic image assembly in an even manner and reduce

any ‘hot spots’ within the electronic image assembly.
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[0014] The foregoing and other features and advantages will be apparent from the
following more detailed description of the particular embodiments of the invention, as

illustrated in the accompanying drawings.

Brief Description of the Drawings
[0015] A better understanding of an exemplary embodiment will be obtained from a
reading of the following detailed description and the accompanying drawings wherein
identical reference characters refer to identical parts and in which:
[0016] FIGURE 1A provides a front perspective view of an exemplary embodiment of
the electronic dispiay.
[0017] FIGURE 1B provides a rear perspective view of an exemplary embodiment of
the electronic display.
[o018] FIGURE 2 provides a rear perspactive view similar to that shown in Figure 1B
where the rear cover has heen removed.
[0018] FIGURE 3 provides a perspective sectional view along the A-A section line
shown in Figure 1B,
[0020] FIGURE 4 provides a perspective sectional view along the B-B section line
shown in Figure 1B,
[0021] FIGURE 5 provides a perspective sectional view of insert C shown in Figure 4.
[0022] FIGURE 6 provides a perspective sectional view of one embaodiment of the
cross through plate.
[0023] FIGURE 7 provides an exploded perspective view of one embodiment of the
heat exchanger.
[0024] FIGURE 8 provides a perspective sectional view of anather embodiment which
uses a flow of circulating gas through the backlight cavity of a liquid crystal display
(LCD).
FIGURE 9 provides a perspective sectional view of an exemplary embodiment which
uses a flow of circulating gas through the backlight cavity in addition to the flow of
circulating gas between the LCD and front plate,
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[0025] FIGURE 10 provides a rear parspective view of an embodiment using a single
fan assembly to control the flow of ambient gas, the embodiment shown with the rear
cover removed.

[0026] FIGURE 11A provides a perspective sectional view of the embodiment from
Figure 10 hased on section line 11A-11A shown in Figure 10.

[0027] FIGURE 11B provides a perspective sectional view of insert B from Figure
T1A.

Detailed Description
[0028] The invention is described more fully hereinafter with reference to the

accompanying drawings, in which exemplary embodiments of the invention are shown.
This invention may, however, be embodied in many different forms and should not be
construed as limited to the exemplary embodiments set forth herein. Rather, these
embodiments arg provided so that this disclosure will be thorough and complete, and
will fully convey the scope of the invention to those skilled in the art. In the drawings,
the size and relative sizes of layers and regions may be exaggerated for clarity.

[0029] It will be understood that when an element or layer is referred to as being "on”
another element or layer, the element or layer can be directly on another element or
layer or intervening elements or layers. In confrast, when an element is referred to as
being "directly on" another element or layer, there are no intervening elements or layers
present. Like numbers refer to like elements throughout. As used herein, the term
"and/or” includes any and all combinations of one or more of the associated listed
iterns. '

[0030] it will be understood that, although the terms first, second, third, ete., may be
used herein to describe various elements, components, regions, layers and/or sections,
these elements, compenents, regions, layers and/or sections should not be limited by
these terms. These terms are only used to distinguish one element, component, region,
layer or section from another region, layer or section. Thus, a first element, component,
region, layer or section discussed helow could be termed a second element,
compenent, regien, layer or section without departing from the teachings of the present
invention.
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[0031] Spatially relative terms, such as "lower", "upper” and the like, may be used
hetein for ease of description to describe the relationship of one element or feature to
another element(s) or feature(s) as illustrated in the figures. I will be understood that
the spatially relative terms are intended to encompass different orientations of the
device in use or operation, in addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements described as “lower”
relative to other elements or features would then be oriented "upper” relative the other
elements or features. Thus, the exemplary term "lower” can encompass both an
orientation of above and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative descriptors used herein
interpreted accordingly. '

[0032] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein,
the singular forms "a", "an" and "the" are intended fo include the plural forms as waell,
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,

[0033] 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
fllustrations as a result, for example, of manufacturing techniques and/or tolerances, are
1o be expected. Thus, embodiments of the invention should not be construed as limited
to the particular shapes of regions iltustrated herein but are to include devistions in
shapes that resuit, for example, from manufacturing.

[0034] For example, an implanted region illustrated as a rectangle will, typically, have
rounded or curved features and/or a gradient of implant concentration at ifs edges
rather than a binary change from implanted to non-impianted region. Likewise, a buried
region formed by implantation may result in some implantation in the region between
the buried region and the surface through which the implantation takes place. Thus, the
regions illustrated in the figures are schematic in nature and their shapes are not
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intended to illustrate the actual shape of a region of a device and are not intended to
limit the scope of the invention.

[0035] Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill
in the art to which this invention belongs. It will be further understood that terms, such
as those defined in commonly used dictionaries, should be interpreted as having a
meaning that is consistent with their meaning in the context of the relevant art and will
not be interpreted in an idealized or overly formal sense unless expressly so.defined
herein.

[0036] FIGURE 1A provides a front perspective view of an exemplary embodiment of
the electronic display 100. A transparent front plate 10 is placed on the front portion of
the display to protect the internal components and allow the images produced by the
display 100 to be sean. Some embodiments may use glass as the transparent front
plate 10. Exemplary embodiments may use two pieces of glass laminated with index-
matching optical adhesive, Some front plates 10 may provide other utility such as anti-
reflection or polarizing functions. An inlet aperture 24 and exit aperture 25 may be
provided in the housing so that the display 100 can accept ambient gas for cocling the
display 100.

[0037] FIGURE 1B 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 digplay 100. '

[0038] FIGURE 2 provides a rear perspective view similar to that shown in Figure 1B
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 exii the
display through the exit aperture 25. The ambient gas 200 may be drawn into the
display and forced through the heat exchanger 45 using heat exchanger fan assembly
48. An exemplary placement for the heat exchanger fan assembly 46 is discussed
further below, but in many embodiments the fan assembly 46 can be placed near the
inlet aperture 24 and/or exit aperture 25 and may or may not be placed within the heat
exchanger 45 (as shown in Figure 2).

[0039] Optionally, ambient gas 210 may also be ingested i'nto the display through inlet
aperture 24. Ambient gas 210 may then be directed through a first manifold 30 which
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travels along the edge of the display. The first manifold 30 accepts the single larger
inlet flow of ambient gas 210 and distributes it into a plurality of smalier flows across the
display. A second manifold 35 may be placed aleng the opposite edge of the display as
the first manifold 30, The second manifold 35 accepts the plurality of smaller flows and
combines them into a single flow and exhausts it out of the exit aperture 25. In this
embodiment, a manifold fan assembly 211 is used to draw the ambient gas 210 into the
inlet aperture 24 and force the ambient gas 210 across the display. For this particular
embadiment, the manifold fan assembly 211 is placed within the first manifold 30 and is
used to draw the ambient gas 210 into the display as well as distribute the single flow
into a plurality of smaller flows. This is not required however, as some embodiments
may place the manifold fan assembly 211 in the second manifold 35, or within both the
first and second manifolds 30 and 35.

[0040] While both flows of ambient gas may be used in an exemplary embodiment,
thera 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. .

[0041] FIGURE 3 provides a perspective sectional view along the A-A section line
shown in Figure 1B. Again, ambient gas 200 may be ingested into the display through
the inlet aperture 24 and pass through a heat exchanger 45 and exit the display through
the exit aperture 25. The ambient gas 200 may be drawn into the display and forced
through the heat exchanger 45 using heat exchanger fan assembly 46. Qbviously, the
inlet aperture 24 may contain a filter or other coverings so that contaminates, insects,
garbage, and/or water/fluids cannot easily be ingested into the display. Howéver, an
exemplary embodiment would not be damaged if the ambient gas 200 contained
contaminates as they would only pass through the heat exchanger 45 which may not be
susceptible to damage from particulate or contaminates. Exit aperture 25 may also
contain some type of covering to ensure that contaminates and/or insects could not
enter the display.

[0042] An electronic image assembly 50 may be placed behind the front plate 10. A
plurality of channels 60 may be placed behind (preferably immediately behind) the

9
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electronic image assembly 50. Ambient gas 210 may be forced through the channels
80 after travelling through the first manifold 30 (not shown here). The flow of ambient
gas 210 immediately behind the electronic image assembly 50 may be used to.remove
any buildup of heat from the rear portion of the electronic image assembly 50. It may
be preferable to have a thermally conductive surface on the rear portion of the
electronic image assembly 50 so that heat can easily transfer to this plate and be
removed by the ambient gas 210.

[0043] The channels 60 can take on any number of forms. Although shown in this
embodiment with a square cross-section this is not required. Other embodiments may
contain channels 80 with [-beam cross-sections, hollow square cross-sections, hollow
rectangular cross-section, solid rectanrigular or solid square cross-sections, ‘T’ cross-
sections, ‘7' cross-sections, a honeycomb cross-section, or any combination or mixture
of these. The channels 60 are preferably thermally conductive and also preferably in
thermal communication with the electronic image assembly 50. Thus, in a preferred
embodiment, heat which accumulates on the rear portion of the electronic image
assembly 50 may be transferrad throughout the channels 80 and removed by ambient
gas 210.

[0044] FIGURE 4 provides a perspective sectional view along the B-B section line
shown in Figure 1B. In this view, the path of the circulating gas 250 can also be
observed. The space between the front plate 10 and the electronic image assembly 50
may define a front channel 251, through which the circulating gas 250 may travel in
order to remove any accumulation of heat on the front surface of the electronic image
assembly 50. The circulating gas 250 is preferably then directed into the heat
exchanger 45 where heat may be iransferred from the circulating gas 250 to the
ambient gas 200. Upon exiting the heat exchanger 45, the circulating gas 250 may be
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re-directed into the front channel 251. The circulating gas 250 may also be directed
over various electronic components 7 so that heat may be transferred from the
electronic components 7 to the circulating gas 250. The electronic components 7 could
be any one of the following but not limited to: power modules, heat sinks, capacitors,
motors, microprocessors, hard drives, AC/DC converters, transformers, or printed circuit
boards.

[0045] Also shown in this sectional view is the path of the ambient gas 210 travelling
down one of the channels 80 directly behind the electronic image assembly 50. In this
embodiment, the ambient gas 210 is forced out of the first manifold 30, across the
channels 60, and intc the second manifold 35 by manifold fan assembly 211. As
shown in this Figure, the paths of the ambient gas 210 and the circulating gas 250 will
likely cross, but it is preferable to keep the two gases from mixing (as the ambient gas
210 may contain particulate or contaminates while the circulating gas 250 can remain
substantially free of particulate and contaminates). It may be preferable to keep the
circulating gas 250 from having particulate or contaminates because it travels in front of
the elecironic image assembly 50. Thus, to keep the image quality from being
impaired, it may be desirable to keep the circulating gas 250 clean and prevent it from
mixing with the ambient gas 210.

[0046] FIGURE 5 provides a perspective sectional view of insert C shown in Figure 4.
As noted above, if practicing an embodiment which uses ambient gas 210 as well as
the circulating gas 250, the pathways of the two gases may need to cross over one
another and it may be desirable to prohibit them from mixing to prevent contamination
of gansitive portions of the display. Here, cross through plate 500 allows the pathways
of the two gases to cross over one another without letting thern 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 ¢ travel from the first manifold 30 into the channels 80 which run
behind the electronic image assembly 50. A second series of voids 525 pass through
the cross through plate 500 in a direction substantially perpendicular to that of the first
series of voids 550. The second series of voids 525 allows the circulating gas to exit
the front channel 251, cross over the ambient gas 210, and continue towards the heat
exchanger 45. In this embodiment, a circulating gas fan assembly 255 is usedto draw
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the circulating gas 250 through the front channel 251 and through the heat exchanger
45, Much like the other fan assemblies shown and described here, the circulating gas
fan assembly 255 could be placed anywhere within the display, including but not limited
to the entrance/exit of the heat exchanger 45 or the entrance/exit of the front channel
251.

[0047] FIGURE 6 provides a perspective sectional view of one embodiment of the
cross through plate 500. [n this embodiment, the cross through plate 500 is comprised
of a plurality of hellow blocks 503 sandwiched between a top plate 501 and bottom
plate 502 with sections of the plates 501 and 502 removed to correspond with the
hollow sections of the blocks 503, A portion of the top plate 501 has been removed to
show the detail of the hollow blocks 503, first series of voids 550, and second serigs of
voids 525. The cross through plate 500 could take on any number of forms and could
be constructed in a number of ways. Some other embodiments may use a solid plate
where the first and second series of voids 550 and 525 are cut out of the solid plate,
Other embodiments could use two sets of hollow blocks where the holiow 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 lype of cross-flow heat exchanger design could be
used.

[o048] FIGURE 7 provides an exploded perspective view of one embodiment of the
heat exchanger 45. In this view, the heal exchanger fan assembly 46 is shown
removed from its mounted position within the heat exchanger 45. In this embodiment,
the heat exchanger 45 is divided into two portions 47 and 48 where tha fan assembly
48 is placed between the two portions 47 and 48. While the fan assembly 46 can be
placed anywhare so that it draws ambient gas 200 through the heat exchanger 45, if
has been found that placing the fan assembly 46 between the two portions of the heat
exchanger can provide a number of benefits. First, the volumelric flow rate of the
ambient gas 200 through the heat exchanger is high, which results in better cooling
capabilities for the heat exchanger 45. Second, the noise produced by .the fan
assembly 46 can be drastically reduced because the surrounding portions 47 and 48 of
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the heat exchanger 45 essentially act as a muffler for the fan assembly 46. In this
embodiment, portion 48 is thinner and longer than pottion 47. This was done in order
to free up more space within the housing so that additional electronic components could
fit within the housing (adjacent to portion 48). This design may be preferable when it is
desirable to create the largest possible heat exchanger 45 (for maximum cooling
~ abilities). This is of course not required, and other embodiments may have portions
which are of equal width and length. Also, although this embodiment uses the fan
assembly 46 to drive the ambient gas 200, other embodiments could use a fan
assembly placed within the heat exchanger to drive the circulating gas 250 instead and
drive the ambient gas 200 with another fan assembly (possibly placed within the hsat
exchanger or located at the entrance/exit of the heat exchanger).

[0049] The ambient gas 200 travels through a first pathway (or plurality of pathways)
of the heat exchanger 45 while the circulating gas 250 travels through a second
pathway (or plurality of pathways) of the heat exchanger 45. Although not required, it is
preferable that the circulating gas 250 and ambient gas 200 do not mix. This may
prevent any contaminates and/or particulate that is present within the ambient gas 200
from harming the interior of the display. In a preferred embodiment, the heat exchanger
45 would be a cross-flow heat exchanger. However, many types of heat exchangers
are known and can be used with any of the embodiments herein. The heat exchanger
45 may be a cross-flow, paraliel flow, or counter-flow heat exchanger. In an exemplary
embodiment, the heat exchanger 45 would be comprised of a plurality of stacked layers
of thin plates. The plates may have a corrugated, honeycomb, or fubular design, where
a plurality of channels/pathways/tubes travel down the plate length-wise. The plates
may be stacked such that the directions of the pathways are alternated with each
adjacent plate, so that each plate's pathways are substantially perpendicular to the
pathways of the adjacent plates. Thus, ambient gas or circulating gas may enter an
exemplary heat exchanger only through plates whose channels or pathways travel
parallel o the path of the gas. Because the plates are alternated, the circulating gas
and ambient gas may travel in plates which are adjacent to one another and heat may
be transferred between the two gases without mixing the gases themselves (if the heat

exchanger is adequately sealed, which is preferable but not required). In other words,
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an exemplary heat exchanger would have at least a first gas pathway for ambient gas
and at least a second gas pathway for circulating gas, where the two pathways are
substantially perpendicular and adjacent to each other and do not allow the ambient
gas and circulating gas to mix.

{0050] In an alternative design for a heat exchanger, an open channel may be placed
in between a pair of corrugated, honeycomb, or tubular plates. The open channel may
travel in a direction which is perpendicular to the pathways of the adjacent plates. This
open channel may be created by running two strips of material or tape (esp. very high
bond (VHB) tape) between two opposite edges of the plates in a direction that is
perpendicular o the direction of the pathways in the adjacent plates. Thus, gas
eﬁtering the heat exchanger in a first direction may travel through the open channel
(parallel to the strips or tape). Gas which is entering in a second direction (substantially
perpendicular to the first direction) would travel through the pathways of the adjacent
plates).

[0051] Other types of cross-flow heat 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
batween the two gases. Obviously, there are many types of cross-flow heat
exchangers and any type would work with the embodiments herein.

[0052] An exemplary heat exchanger may have plates where the sidewalls have a
relatively low thermal resistance so that heat can easily be exchanged between the two
gases. A number of materials can be used to create the heat exchanger. Preferably,
the material used should be corrosion resistant, rot resistant, light weight, and
inexpensive. Mstals are typically used for heat exchangers because of their high
thermal conductivity and would work with these embadiments. However, it has been
discovered that plastics and composites can also satisfy the thermal conditions for
electronic displays. An exemplary embodiment would utilize polypropylene as the
material for constructing the plates for the heat exchanger. It has baen 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 overa{]vthermal

resistance that is low. Thus, an exemplary heat exchanger would be made of plastic
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and would thus produce a display assembly that is thin and lightweight. Specifically,
corrugated plastic may be used for each plate layer where they arg stacked together in
alternating fashion (i.e. each adjacent plate has channels which travel in a direction
perpendicular to the surrounding plates).

[0053] FIGURE 8 provides a perspective sectional view of another embodiment which
uses a flow of circulating gas 350 through the backlight cavity of a liquid crystal display
{LCD) 300. In this embodiment, a LCD 300 and an associated backlight 320 are used
as the electronic image assembly. A backlight wall 330 may be placed between the
LCD 300 and the backlight 320 in order to enclose the area and create a backlight
cavity. Typically, the backlight cavity is closed to prevent contaminates/particulate from
entering the backlight cavity and disrupting the optical/electrical functions of the
backlight 320. However, as discussed above the exemplary embodiments may use a
clean gaseous matter for the circulating gases which could now be used to ventilate the
backlight cavity in order to cool the backlight 320 and even the rear portion of the LCD
300. An opening 340 can be placed in the backlight wall 330 to allow circulating gas
350 to flow through the backlight cavity. A fan assembly 360 may be used to draw the
circulating gas 350 through the backlight cavity. In an exemplary embodiment there
would be an opening on the opposing backlight wall (on the opposite side of the display
as shown in this figure} so that circulating gas 350 could easily flow through the
hacklight cavity.

[0054] FIGURE 9 provides a perspective sectional view of an exemplary embodiment
which uses a flow of circulating gas 350 through the backlight cavity in addition to the
flow of circulating gas 250 between the LCD 300 and front plate 10. Circulating gas fan
assembly 255 may be placed so that it can draw circulating gas 350 through the
backlight cavity as well as circulating gas 250 between the 1.CD 300 and the front plate
10. As discussed above, the circulating gases 250 and 350 are preferably forced
through the heat exchanger 45 (not shown in this figure) so that they may be coocled by
the ambient gas 200 (also not shown in this figure). ’

[0065] Also shown in Figure 8 is the optional additional flow of ambient gas 210
which may travel immediately behind the backlight 320. Once travelling through the
first manifold 30, the ambient gas 210 may pass through the channels 60 in order to
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remove heat from the backlight 320 and even the channels 60 themselves (if they are
thermally conductive). The manifold fan assembly 211 may be used to draw the
ambient gas 210 into the first manifold 30 and through the channels 80. Again, the
cross though plate 500 may be used to allow the circulating gases 350 and 250 to cross
paths with the ambient gas 210 without letting the two gases mix. ’
[0056] In an exemplary embodiment, the backlight 320 would contain a plurality of
LEDs mounted on a thermally conductive substrate (preferably a metal core F’CB)‘ On
the surface of the thermally conductive substrate which faces the channels 60 there
may be a thermally conductive front plate which may be in thermal communication with
the channels 60. In an exemplary embodiment, the thermally conductive plate would
be metallic and more preferably aluminum.

[0057] FIGURE 10 provides a rear perspective view of an embodiment 1000 using a
single fan assembly 1050 to control the flow of ambient gas. The embodiment 1000 is
shown hers with the rear cover removed. In this figure, the main display assembly is
still within the exterior display housing 1001, Similar to some of the embodiments
describe above, a circulating gas fan assembly 1105 may be used to draw circulating
gas 1108 into and through the heat exchanger 1100. Further, another circulating gas
fan assembly 1205 may be used fo draw circulating gas 1106 through heat exchanger
1200. The circulating gas 1106 may also be used to extract heat from various electrical
components 1109. ‘

[0058] An ambient gas fan assembly 1050 may be used to draw ambient gas into the
_ inlet aperture 1009 and exhaust the ambient gas out of an exit aperture 1010. The
ambient gas preferably travels through the heat exchangers 1200 and 1100 as welf as
the channel behind the electronic image assembly (if used). The section line 11A-11A
is shown cutting horizontally through the display embodiment 1000. )

[005¢8] FIGURE 11A provides a perspective sectional view of the embodiment from
Figure 10 based on section line 11A-11A shown in Figure 10. For clarity, the exterior
housing 1001 has been removed. Once the circulating gas 1106 has traveled through
the heat exchangers 1200 and 1100, it may then be directed betwaen the front
transparent plate 1500 and the electronic image assembly 1600. After passing
between the front transparent plate 1500 and the electronic image assembly 1600, the
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circulating gas 1106 may then return to the heat exchangers 1200 and 1100. In this
embodiment, fan assembly 1050 is used to control the flow of ambient{ gas 1055 and
1058, Ambient gas 1055 is directed through the heat exchangers 1200 and 1100 while
ambient gas 1056 is directed behind the electronic image assembly 1600,

[0060] FIGURE 11B provides a perspective sectional view of insert B from Figure
11A. The channel 1700 may be defined by the space between the rear surface or
portion of the electronic image assembly 1600 and a plate which is substantially parallel
to the rear surface or portion of the electronic image assembly 1600. The channel 1700
may also contain ribs which are also thermally conductive and preferably in thermal
communication with the electronic image assembly 1600. By placing the fan assembly
1050 so as to direct the ambient gas within the channel 1700 and the heat exchangers
1200 and 1100 simultaneously, several improvements can be achieved, including but
not limited to: increased air flow, less fan noise, and a less expensiveflighter assembly.
In this embodiment, the paths for ambient gas 1055 and ambient gas 1056 are
substantially parallel to one another.

[0061] As noted above, many electronic image assemblies (especially LEDs, LCDs,
and OLEDs) may have performance properties which vary depending on temperature.
When ‘hot spots’ are present within an image assembly, these hot spots can result in
irregularities in the resulting image which might be visible to the end user. Thus, with
the embodiments described herein, the heat which may be generated by the image
assembly {sometimes containing a backlight assembly) can he distributed (somewhat
evenly) throughout the channels 80 and thermally-conductive surfaces to remove hot
spots and cool the backlight and/or slectronic image assembly. -

[0062] The circulating gases and ambient gases can be any number of gaseous
matters. In seme embodiments, air may be used as the gas for all. Preferably,
because the circulating gases may travel in front of the image assembly and/or within
the backlight cavity, they should be substantially ciear, so that they will not affect the
appearance of the image to a viewer. The circulating gases should also preferably be
substantially free of contaminates and/or particulate (ex. dust, dirl, pollen, water vapor,
smcke, etc.) in order to prevent an adverse effect on the image quality and/or damage
to the internal electronic components. It may sometimes be preferable to keep ambient
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gases from having contaminates as well. Filters may be used to heip reduce the
pariiculate within ambient gases. Filters could be placed near the inlet apertures so
that ambient gases could be drawn through the filter. However, in an exemplary
embodiment the display may be designed so that contaminates could be present within
the ambient gases but this will not hamm the display. In these embodiments, the heat
exchanger, manifolds, channels, and any other pathway for ambient or circulating gas
should be properly sealed so that any contaminates in the ambient gas woulid not enter
sensitive portions of the display. Thus, in these exemplary embodiments, i::tgesting
ambient air for the ambient gases, even if the ambient air contains contaminates, will
not harm the display. This can be particularly beneficial when the display is used in
outdoor environments or indoor environments where contaminates are present in the
ambient air.

[0063] The cooling system may run continuously. However, if desired, temperature
sensing devices (not shown) may be incorporated within the electronic display to detect
when temperatures have reached a predetermined threshold value, In such a case, the
various cooling fans may be selectively engaged when the femperature in the display
reaches a predstermined value. Predetermined thresholds may be selected and the
system may be configured to advantageously keep the display within an acceptable
temperature range. Typical thermostat assemblies can be used to accomplish this
task. Thermocouples may be used as the temperature sensing devices.

[0064] It is to be understood that the spirit and scope of the disclosed embodiments
provides for the cooling of many types of displays. By way of example and not by way
of limitation, embodiments may be used in conhjunction with any of the following
electronic image assemblies: LCD (all typas), light emitting diode (LED), organic light
emitting diode (OLED), field emitting display (FED), light emitting
polymer (LEP), organic electro luminescence (OEL), plasma displays, and any other
thin panel electronic image assembly. Furthermore, embodiments may be used with
displays of other types including those not yet discovered. In particular, it is
contemplated that the system may be well suited for use with full color, fiat panel OLED
displays. Exemplary embodiments may also utilize large (55 inches or more) LED
backlit, high definition liquid crystal displays (LCD). While the embodiments described
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herein are well suited for autdoor environments, they may also be appropriate for indcor
applications (e.g., factoryfindustrial environments, spas, locker rooms) whera thermal
stability of the display may be at risk.

[0065] As iz well known in the art, electronic displays can be oriented in a portrait
manner or landscape manner and either can be used with the embodiments herein.
Although circulating gas may be shown traveling clockwise or counterclockwise, either
orientation may be used with any of the embodiments herein. Similarly, although
ambient gas may be shown travelling from tap-bottom, boftom-top, left-right, or right-
left, any arrangement can be used. Further, it should be understood that the figures
herein are not necessarily drawn fo scale, and some componeénts may be enlarged for
clarity and explanatory purposes.

[0066] Having shown and described preferrad embodiments, those skilled in the art
will realize that many variations and medifications may be mads to affect the described
embodiments and still be within the scope of the claimed invention. Additionally, many
of the elements indicated above may be altered or replaced by different elements which
will provide the same result and fall within the spirit of the claimed invention. It is the

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

1. An assembly for cooling an electronic image assembly within a housing haviﬁg an
inlet aperture for ambient gas, exit aperture for ambient gas, and internal cavity for
circulating gas, the assembly comprising:
a first portion of a heat exchanger which accepts ambient gas from the inlet
aperture;
a second portion of a heat exchanger which accepts ambient gas from the first
portion; '
a channel placed behind the electronic image assembly and in gaseous
communication with the inlet and exit apertures;
a first fan positioned between the first and second portions which forces ambient
gas through the first portion, second portion, and the channel; and
a second fan which forces circulating gas through the internal cavity and af least

one of the heat exchanger portions.

2. The cooling assembly of claim 1 wherein:

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

3. The cooling assembly of claim 2 wherein:

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

4. The cooling assembly of claim 1 further comprising:
an electronic componant placed within the path of the circulating gas.

5. The cooling assembly of claim 4 wherein:
the electronic component is a power module.

6. The cooling assembly of claim 1 wherein:
the heat exchanger portions are comprised of corrugated layers.

7. The cooling assembly of claim 1 wherein:

20
$TL-TCN/PCT-CDA

CA 2802019 2017-11-28

SEC et al. v. MRI
SEC Exhibit 1022.5620
IPR2023-00221



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

8. An electronic display assembly comprising:

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

an electronic image assembly within the housing;

a transparent front plate in front of the electronic image assembly, the space
between the transparent front plate and the electronic image assembly
defining a front channel;

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

a heat exchanger in gaseous communication with the front channel, the heat
exchanger comprising two portions, each portion having first and second
gas pathways, where the first gas pathways are in gaseous ‘
communication with the inlet and exit apertures and the second gas
pathways are in gaseous communication with the front channel;

an ambient gas fan assembly placed between the two portions of the heat
exchanger to force ambient gas through the first gas pathways and
through the rear channel; and

a circulating gas fan assembly positioned to force circulating gas through the
front channel and the second gas pathways.

9. The electronic display assembly of claim 8 further comprising:
a power module placed within the path of the circulating gas.

10. The electronic display assembly of claim 8 wherein:

the electronic image assembly is a liquid crystal display.

11. The electronic display assembly of claim 8 wherein;
the electronic image assembly is an OLED display.

12. The electronic display assembly of claim 8 wherein:
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the heat exchanger is a cross-flow heat exchanger comprised of corrugated

layers.

13. The electronic display assembly of claim 8 further comprising:
a plurality of ribs placed within the rear channel and in thermal communication

with the electronic image assembly.

14. The electronic display assembly of claim 13 wherein:

the ribs are metallic.

16. The electronic display assembly of claim 13 wherein:
the ribs are placed in conductive thermal communication with the electronic

image assembly.

16. The electronic display assembly of claim 13 wherein:
the ribs have a rectangular cross-section.

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

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

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

a liquid crystal display (LCD) having a front surface and placed in front of the
LED backlight and within the housing;

a transparent front plate in front of the LCD, the space between the transparent
front plate and the LCD defining a front channeal;

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

a plurality of ribs placed between the rear plate and LED hacklight, the space
between the rear plate, LED backlight, and ribs defining a plurality of rear
channels; '

a heat exchanger having a first gas pathway in gaseous communication with the
front channel, and a second gas pathway in gascous communication with

the inlet and axit apertures;
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an ambient gas fan assembly placed within the heat exchanger to force ambient
gas into the inlet aperture, through the second gas pathway and the rear
channels, and out of the exit aperture; and

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

front channel and the first gas pathways.

18. The LCD assembly of claim 17 further comprising:

a power module placed within the path of the circulating gas.

19. The LCD assembly of claim 17 wherein:
the heat exchanger is a cross-flow heat exchanger comprised of corrugated

layers.

20. The LCD assembly of claim 17 wherein:
the ribs are metallic.
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FIG-1

(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 between
thermal plates and the rear surface of the
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COOLING SYSTEM FOR DOUBLE SIDED DISPLAY ASSEMBLY

Inventor(s): Marcos Diaz

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The application claims the benefit of US Provisional Patent Application
No. 62/303,806 filed on March 4, 20186, which is hereby incorporated by reference in
its entirety.

TECHNICAL FIELD

[0002] Embodiments of the present invention generally relate to cooling systems for
electronic displays.

BACKGROUND

[0003] Electronic displays are sometimes used in outdoor environments or other
areas where the surrounding temperatures may be high or there may be other sources
of heat such as solar loading causing the temperatures within the display to rise.
However, some portions of the display can be difficult to cool as simply ingesting
ambient air into some portions of the display can intfroduce dust and contaminates into
sensitive portions of the display, which can lead to premature failures.

SUMMARY OF THE INVENTIVE CONCEPT

[0004] Exemplary embodiments may comprise multiple separate flow paths for a fluid,
such as air, through an electronic display housing. Atleast one path may be a closed
loop and several other paths may provide open loops. The closed loop path
preferably circulates through a sealed electronics compartment as well as pass
between the electronic display(s) and a front transparent panel. A first open loop of
ambient air may pass behind the first electronic display while a second path of
ambient air may pass behind the second electronic display. In some embodiments

the open loop air also removes heat from a thermal plate having electronic
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components and in some embodiments the open loop air also removes heat from an
LED backlight (or LED display). The fans can be positioned so as to precisely control
the amount of fluid travelling through each path.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] In addition to the features mentioned above, other aspects of the present
invention will be readily apparent from the following descriptions of the drawings and
exemplary embodiments, wherein like reference numerals across the several views
refer to identical or equivalent features, and wherein:

[0006] FIGURE 1 is a front perspective view showing an exemplary embodiment of
the double sided display assembly, as well as the location for section lines A-A, B-B,
and C-C.

[0007] FIGURE 2 is a side section view of the embodiment shown in Figure 1, taken
along the section line A-A.

[0008] FIGURE 3 is a front section view of the embodiment shown in Figure 1, taken
along the section line B-B.

[0009] FIGURE 4 is a top section view of the embodiment shown in Figure 1, taken
along the section line C-C and indicating the location for Detail A.

[0010] FIGURE 5 is a detailed section view of Detail A.

[0011] FIGURE 6 is a partial exploded view of the embodiment shown in Figure 1.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENT(S)

[0012] The invention is descrioed more fully hereinafter with reference to the
accompanying drawings, in which exemplary embodiments of the invention are
shown. This invention may, however, be embodied in many different forms and should
not be construed as limited to the exemplary embodiments set forth herein. Rather,

these embodiments are provided so that this disclosure will be thorough and
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complete, and will fully convey the scope of the invention to those skilled in the art. In
the drawings, the size and relative sizes of layers and regions may be exaggerated
for clarity.

[0013] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein,
the singular forms "a", "an” and "the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the
terms "comprises” and/or "comprising," when used in this specification, specify the
presence of stated features, integers, steps, operations, elements, and/ or
components, but do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components, and/or groups thereof.
[0014] Embodiments of the invention are described herein with reference to
illustrations that are schematic illustrations of idealized embodiments (and
intermediate structures) of the invention. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing techniques and/or tolerances,
are to be expected. Thus, embodiments of the invention should not be construed as
limited to the particular shapes of regions illustrated herein but are to include
deviations in shapes that result, for example, from manufacturing.

[0015] Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill
in the art to which this invention belongs. It will be further understood that terms, such
as those defined in commonly used dictionaries, should be interpreted as having a
meaning that is consistent with their meaning in the context of the relevant art and will
not be interpreted in an idealized or overly formal sense unless expressly so defined

herein.
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[0016] FIGURE 1 is a front perspective view showing an exemplary embodiment of
the double sided display assembly, as well as the location for section lines A-A, B-B,
and C-C. Generally speaking, an exemplary embodiment includes two displays 30
and 31 positioned back to back and placed within a housing 25. An inlet aperture 50
accepts a flow of ambient air 60 into and through the housing 25. The ambient air 60
is preferably exhausted out of the housing 25 through the exhaust aperture 55. A
closed loop flow of circulating gas 70 travels within the housing 25 as well, but
preferably does not mix with the flow of ambient air 60 in any substantial manner.
[0017] As used herein, the term ambient air 60 simply refers to common atmospheric
air that would provide the surrounding environment for the assembly. This ambient
air 60 is known to contain a mixture of different types of gaseous elements, as well
as dust, dirt, pollen, water vapor, and other particulate. Also as used herein, the term
circulating gas 70 can refer to any gaseous matter, which might be a mixture of
different types of gases or could be a pure gaseous matter. Preferably, the circulating
gas 70 does not contain substantial amounts of dust, dirt, pollen, or other types of
particulate.

[0018] Exemplary embodiments of the present invention may be configured for
mounting to a vehicle, preferably to the roof. The housing 25 may be sized and
configured for fitting atop a vehicle roof. Further, the housing 25 may be sized and
adapted to minimize aerodynamic drag. The housing 25 may comprise a pair of feet
26 for mounting the housing 25 to the vehicle. The feet 26 may be sized and
configured to be secured to a vehicle's roof, or to be secured to internal supports
placed on or within the vehicle. In such embodiments, the housing 25 is preferably
thin and comprises rounded corners and other features to minimize aerodynamic

drag. The housing 25 may comprise a variety of stiffening members to provide
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structural rigidity and strength to accommodate the forces caused by a moving
vehicle. Likewise, the various components of the display assembly may be configured
or comprised of a sufficiently rigid material so as to accommodate the forces caused
by a moving vehicle. Furthermore, the housing and various components of the display
assembly may be configured to withstand the forces, vibrations, and other rigors of
being mounted to a vehicle. For example, but not to serve as a limitation, the feet 26
and other components of the display assembly may comprise rubber pads or other
vibration and shock absorption devices.

[0019] As indicated in the figure, section line A-A is positioned horizontally down the
center of the assembly and cuts through the assembly vertically. Section line B-B is
oriented vertically and cuts through the assembly horizontally. Finally, section line C-
C is oriented horizontally and cuts through the assembly horizontally as well. The
section line arrows in figure 1 indicate the direction of hypothetical cut to obtain the
section view.

[0020] FIGURE 2 is a side section view of the embodiment shown in Figure 1, taken
along the section line A-A. The ambient air 60 may enter the housing 25 through the
inlet aperture 50, where it may then be directed into an entrance plenum, and pass
through one of a plurality of entrance apertures 200 which connect with the open loop
channels (described further below). The ambient air 60 is preferably pulled by one or
more fans 100, but the fans 100 could also be positioned to push the ambient air 60,
or several fans could be used for a combination of push/pull. In this particular
embodiment, the fan 100 is located near an exit plenum, where the ambient air 60 is
collected from the open loop channels by travelling through one of a plurality of exit
aperture 201, collected within the exit plenum, and directed out of the housing 25

through the exhaust aperture 55.
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[0021] As will be described further below, the entrance apertures 200 and exit
apertures 201 are in gaseous communication with a first open loop channel running
behind the electronic display 31. There is preferably another set of entrance
apertures and exit apertures on the opposite side of the assembly (not shown in this
view), which communicate with a second open loop channel running behind the
electronic display 30. The apertures 200 and 201 are preferably distributed across
the width of the electronic display 30/31 in a substantially equidistant manner from
one another. The apertures 200/201 allow the flow of ambient air 60 to pass through
the housing 25 and the open loop channels without substantially mixing with the
circulating gas 70 or entering the sealed electronics compartment 125.

[0022] A plurality of electronic components 110 are preferably placed within a sealed
electronics compartment 125 which forms a part of the closed loop for the circulating
gas 70. The electronic components 110 may comprise one or more of the following:
power modules, video player, electronic data storage, microprocessor,
satellite/wireless receiver/transmitter, and timing and control board. At least some of
the electronic components 110 may be in electrical connection with the displays 30
and 31.

[0023] One or more fans 90 may force the closed loop of circulating gas 70 over the
electronic components 110. While shown with two fans 90, this is not required.
Additionally, while shown pushing the circulating gas 70 over the electronic
components 110, this is not required as the fans 90 could also be positioned to pull
the circulating gas 70, or several fans 90 could be used in a combination push/pull of
the circulating gas 70.

[0024] FIGURE 3 is a front section view of the embodiment shown in Figure 1, taken

along the section line B-B. Here, the closed loop of circulating gas 70 can be clearly
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shown. As mentioned above, the circulating gas 70 preferably travels over the
electronic components 110 within the sealed electronics compartment 125 and then
splits to wrap around each of the displays 30 and 31. Regarding the first display 30,
a transparent panel 35 is preferably placed in front of the display 30 to define a closed
loop channel between the display 30 and the transparent panel 35 for accepting
circulating gas 70. Once the circulating gas 70 has travelled across the display 30, it
is directed back in to the sealed electronics compartment 125 to begin the closed loop
again.

[0025] Similarly, regarding the second display 31, a transparent panel 36 is preferably
placed in front of the display 31 to define a closed loop channel between the display
31 and the transparent panel 36 for accepting circulating gas 70. Once the circulating
gas 70 has travelled across the display 31, it is directed back in to the sealed
electronics compartment 125 to begin the closed loop again.

[0026] As shown, the flow of ambient air 60 is preferably split into at least two
channels, with one open loop channel travelling behind each display. Regarding
display 30, a path of ambient air 60 preferably travels between the rear surface of the
display 30 and a thermal wall 126 of the sealed electronics compartment 125.
Although not required, when using a direct LED backlit LCD as the display 30, the
ambient air 60 preferably travels between the rear surface of the LED backlight 40
and the thermal wall 126. As shown above, a plurality of electronic components 110
are preferably attached to (or near) one or both thermal walls 126 and 127. In this
way, heat from the electronic components 110 may be transferred (preferably through
conduction but some convection and radiation may occur as well) to the walls 126

and 127 and removed by the flow of ambient air 60.
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[0027] Similarly regarding display 31, a path of ambient air 60 preferably travels
between the rear surface of the display 31 and a thermal wall 127 of the sealed
electronics compartment 125. Although not required, when using a direct LED backlit
LCD as the display 31, the ambient air 60 preferably travels between the rear surface
of the LED backlight 41 and the thermal wall 127. It should be expressly noted that
although a direct LED backlit LCD is shown in these embodiments, this type of display
and its associated backlight is not necessary for every embodiment. The displays 30
and 31 could be any one of the following: plasma, OLED, LCD (direct lit or edge lit),
LED, and any type of electroluminescent polymer display.

[0028] FIGURE 4 is a top section view of the embodiment shown in Figure 1, taken
along the section line C-C and indicating the location for Detail A. In this figure, the
two channels for ambient air 60 behind each of the displays 30 and 31 can be seen.
Again, preferably the two paths of ambient air 60 can remove heat from the electronic
displays 30 and 31 as well as the electronics 110 (through the thermal walls 126 and
127).

[0029] FIGURE 5 is a detailed section view of Detail A. Once the ambient air 60 has
travelled through each of the open loop channels, it can be gathered by the exit
plenum and forced out of the display housing 25 by the fan 100.

[0030] FIGURE 6 is a partial exploded view of the embodiment shown in Figure 1.
This shows the stacking of the elements for one side of the assembly, i.e. the
components surrounding electronic display 31. The ambient air 60 is preferably
directed through the entrance apertures 200 so that it may pass between the thermal
plate 127 and the rear of the electronic display 31 (in this embodiment, the rear
surface of the LED backlight 41). Once passing through the open loop channel, the

ambient air 60 is preferably directed out of an exit aperture 201 so that it can be
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collected in the exit plenum and exhausted out of the display housing. The circulating
gas 70 generally encircles the open loop channel(s) having the ambient air 60. In
other words, the open loop ambient air 60 passes through the center of the closed
loop of circulating gas 70.

[0031] As noted above, the circulating gas 70 preferably passes over electronic
components 110, exits the sealed electronics compartment 125, travels between the
front transparent plate 36 and the front of the electronic display 31, eventually
returning to the sealed electronics compartment 125. Again it should be noted that
only one half of the embodiment is shown in this partial exploded view. Generally,
there would be a second closed loop of circulating gas 70 travelling around the
opposing display 30 and a second open loop channel for ambient air 60 passing
behind the display 30, as shown and described above.

[0032] It should also be noted that the variety of open and closed cooling loops that
are shown in the figures may be shown in a horizontal or vertical arrangement but it
is clearly contemplated that this can be reversed or changed depending on the
particular embodiment. Thus, the closed loop may run horizontally or vertically and in
a clockwise or counter-clockwise direction. Further, the open loop may also be
horizontal or vertical and can run left to right, right to left, and top to bottom, or bottom
to top.

[0033] Having shown and described a preferred embodiment of the invention, those
skilled in the art will realize that many variations and modifications may be made to
affect the described invention and still be within the scope of the claimed invention.
Additionally, many of the elements indicated above may be altered or replaced by

different elements which will provide the same result and fall within the spirit of the
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claimed invention. It is the intention, therefore, to limit the invention only as indicated

by the scope of the claims.

10

SEC et al. v. MRI
SEC Exhibit 1022.5659
IPR2023-00221



WO 2017/152166 PCT/US2017/020884

CLAIMS
WHAT IS CLAIMED IS:
1. A display assembly for mounting on a vehicle comprising:

a first and second electronic display positioned back to back;

a first and second transparent panel, each positioned in front of one of the
first and second electronic displays;

an open loop pathway located between the first and second electronic
displays and configured to receive ambient air;

a closed loop pathway configured to receive circulating gas and comprising:

a first and second channel defined by the first and second transparent
panels and the first and second electronic displays, respectively,
and

a plenum located between the first and second electronic displays and

in gaseous communication with the channels; and

a housing adapted to be mounted to the roof of a vehicle, wherein the housing
and the first and second transparent panels create an enclosure
substantially surrounding the first and second electronic displays, the
open loop pathway, and the closed loop pathway;

wherein the closed loop pathway and the open loop pathway are configured to
transfer thermal energy from the circulating gas to the ambient air while
not allow the circulating gas and the ambient air to mix in any
substantial manner.

2. The display assembly of claim 1, further comprising:
a first and second thermal plate, each placed behind a rear surface of one of

the first and second electronic displays.
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3. The display assembly of claim 2, further comprising:

a number of electronic components mounted to a rear surface of at least one
of the thermal plates.

4. The display assembly of claim 2, further comprising:

a first and second open loop channel, each defined by the first and second
thermal plates and the rear surface of the first and second electronic
displays, respectively.

5. The display assembly of claim 4, wherein:
the open loop pathway comprises the first and second open loop channels.
6. The display assembly of claim 5, wherein:

the open loop pathway is configured such that ambient air travels horizontally

through the first and second open loop channels.
7. The display assembly of claim 1, wherein:

the closed loop pathway is configured such that closed loop air travels

vertically through the first and second channels and the plenum.
8. The display assembly of claim 1, wherein:

the open loop pathway further comprises:
an inlet aperture located in the housing for ingesting ambient air, and
an exhaust aperture located in the housing for exhausting ambient air.

9. The display assembly of claim 8, wherein:

the open loop pathway further comprises:

a number of entrance apertures in gaseous communication with the
inlet aperture and the first and second open loop channels, and
a number of exit apertures in gaseous communication with the first and

second open loop channels and the exhaust aperture.
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10. The display assembly of claim 5, wherein:
the closed loop pathway comprises a first and second flow wherein the first
and second flows vertically encircle the first and second electronic
display, respectively.
11. The display assembly of claim 10, wherein:
the first and second open loop channels pass through the middle of the first
and second flows.
12. The display assembly of claim 1, further comprising:
at least one open loop fan placed within the open loop pathway and
configured to propel ambient air through the open loop pathway.
13. The display assembly of claim 1, further comprising:
at least one closed loop fan placed with the closed loop pathway and
configured to propel circulating gas through the closed loop pathway.
14. A display assembly for mounting on a vehicle comprising:
a pair of electronic displays placed back to back and having a front and a rear
surface;
a pair of transparent panels, each positioned in front of the front surface of
one the electronic displays;
a pair of closed loop channels, each located between one of the transparent
panels and one of the electronic displays;
a pair of thermal plates, each positioned behind the rear surface of one of the
electronic displays;

a pair of open loop channels, each located between one of the thermal plates
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and the rear surface of one of the electronic displays, wherein the open
loop channels are configured to allow ambient air to pass horizontally
therethrough; and
a closed loop plenum defined by the pair of thermal plates, wherein the closed
loop plenum is in gaseous communication with the pair of closed loop
channels;
wherein the closed loop channels and the closed loop plenum are configured
to allow circulating gas to pass vertically therethrough.
15. The display assembly of claim 14, further comprising:
a number of electronic components mounted to a rear surface of at least one
of the thermal plates.
16. The display assembly of claim 14, further comprising:
a pair of closed loop fans spaced apart and configured to propel circulating
gas through the closed loop plenum and the closed Ioop channels.
17. The display assembly of claim 14, further comprising:
an open loop fan positioned to propel ambient air through the open loop
channels.
18. The display assembly of claim 14, further comprising:
a housing adapted to be mounted to the roof of a vehicle.
19. A display assembly for mounting on a vehicle comprising:
a pair of electronic displays placed back to back, the space between the
electronic displays defining a gap;
a housing configured to surround the electronic displays and be mounted to

the roof of the vehicle;
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a closed loop pathway that surrounds each of said electronic displays and
travels through the gap; and
a pair of open loop pathways that travel through the gap;
wherein the open loop pathways and the closed loop pathway do not
intersect.
20. The display assembly of claim 19, further comprising:
a pair of thermal plates located between the electronic displays and

separating the open loop pathways from the closed loop pathway.
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Since the common technical features were previously disclosed by DUNN, they are not special and groups | & Il lack unity.

Form PCT/ISA/210 (extra sheet) (January 2015)
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(54) Radiators and heaters for telecommunication equipment enclosures

summary

A heat dissipating and heating device for a communication equipment enclosure is disclosed. This heat dissipating device has a plurality of PCBs and devices

A communication equipment enclosure comprising: left and right side walls of a three-piece housing; outer air cylinders

An inner air passage formed in each of the right and left side walls, an outer air passage extending from the lower end of the enclosure through an outer air passage,
And the air inside the enclosure flows from the top to the bottom of the enclosure through the inner air passage

And a system shelf top fan that only operates to flow. In this heat generating device, the left and right side walls

1. A communication equipment enclosure made of triple and having a plurality of PCBs and devices mounted thereon, the enclosure comprising a system shelf,

At the lower end of the heat exchange plate and heat exchange plate which are spaced apart at regular intervals,

And a heat generator.

Representative figure

Specification

Brief Description of Drawings

1 is a front view of a conventional communication equipment enclosure.

2 is a right side view of another conventional communication equipment enclosure.

3 is a right side view of a conventional large-capacity communication equipment enclosure.

4 is a front view of a communication equipment enclosure according to the present invention.

5 is a right side view of the communication equipment enclosure according to the present invention.
Description of the Related Art

10: cooling air flow passage 20: air suction part
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30: 40: External blower
50: Hull roof 60: Internal blower
70: Top shelf 80: Lower Shelf
11-1
Page 2 Public utility model room 2000-0000118
100: Housing roof 110: cooling device
120: blower 130: Heat pipe
140: Back door 150: enclosure
160: Support 170: Front door
180: Lower shelf 190: PCB, device
200: PCB, device 210: suspended shelf
220: Top shelf 230: Top cooling system
240: Hull roof 310: Enclosure lid
320: Rubber for leakage prevention, silicone 330: Blower for shelf exhaust
340: blower for outer outlet 360: Waterproof rubber, silicone
370: Roof enclosure 390: Rubber for leakage prevention, silicone
400: internal air passage 410: Outside air passage
420: Heat exchange plate 430: Heater
440: separating wall 450: enclosure
460: PCB, Device 470: Support
480: Lower shelf 490: System shelf
500: Heat exchange plate 510: Outside air passage
520: internal air passage 530: Rubber for leakage prevention, silicone
540: 550: Chinchilla chin
560: Chin for the room 570:
580: Back door 590: Blower
600: Front door
Detailed description of the design
Purpose of Design

The technology to which the invention belongs and the prior art in the field
The present invention relates to a heat dissipating and heating device for a communication equipment enclosure. In particular,
Using a new heat sink convection structure using only the wall of the enclosure itself and a fan,
Concerning a communication equipment enclosure having a triple-wall cooling device capable of stable heat dissipation in a consuming system (systemy)
to be.
1 is a front view of a conventional communication equipment enclosure.
Aheoenelotiorei ndmdes nitepishadfaipanht dratl talil Bbeodewdribbd svitingepeintect aydiliGboards (PCBs) and units are mounted,
An internal blower (Fan) 60 for convection of the heated air in the shelf,
A cooling air flow passage 10 through which the air for cooling flows,
An air intake part (20), a cooling fan for cooling the cooling air, and a cooling fan
An air discharge unit 30, an external blower 40 for rapidly moving the warmed air,
And an enclosure roof (50) called as a roof.
Referring to FIG. 1, the cooling process of the enclosure will be described with reference to various PCBs mounted on the upper and lower shelves 70 and 80,
Air is convected by the internal blower 60 existing inside the enclosure. The convective further
The heated air is cooled through the heat exchange plate between the shelves 70, 80 and the airflow passage 10. At this time,
Air is supplied from the outside through the air suction unit 20 existing at the lower end of the housing.
When the hot air of the shelf and the cold air of the outside are exchanged through the heat exchange plate,
By the convection, the air of the shelf goes down and the outside air goes up. At this time,
When blowers 60, 40 are placed on the roof, rapid cooling and convection take place.
FIG. 2 is a right side view of another conventional communication equipment enclosure, and FIG. 3 is a right side view of a large capacity communication equipme
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tisasvenbanabhousig M asadersppesonnddieniichliodsh whelves BAS A e apd 180svarmed air from the device

A heat radiating pipe 130 constituting a cooling device 110 for cooling the warmed air,

A rear door 140 for drawing cold ait outside through the heat radiating pipe 130, a support 160 for supporting the housing,
And a housing roof (100) for protecting the front door (170) and the housing from snow and rain.

3, a large-capacity enclosure applied to a system having a large power consumption is provided on a roof 240 of a general enclosure

11-2
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A separate upper cooling device 230 is attached, and the heat dissipation principle of the cooling device is used for a general enclosure
The same as the principle of the cooling device.
Referring to FIG. 2, the enclosure 150 includes a plurality of
There are shelves 220, 210 and 180 where PCBs and devices 190 and 200 are mounted side by side in this shelf,
All The cooling device 110 is mounted on the rear door 140 of the enclosure to form an air flow inside the enclosure
Heat is transferred to the outside of the enclosure.
The air flow and the heat dissipating structure are formed by a heat dissipating pipe 130 assembled inside the cooling device 110,
Heat generated in each PCB and devices 190 and 200 is transferred to the cooling device 110
The flow blown by the blower 120 and moving in the direction of the arrow proceeds. A room inside the cooling device (110)
The heat passing through the heat pipe 130 is cooled by the external cold air flow and continues to move to the bottom of the enclosure
do. The airflow is continuously blown by the blower 120 inside the cooling device 110,
So that heat exchange with the outside of the housing is made.
However, the enclosure uses a cooling device or an air conditioner or a heat exchanger
Air conditioners have problems with reliability and durability, and the air conditioner itself is likely to be heavy and expensive.
The complexity and complexity of after-service (After-Service) costs a lot. The heat exchanger is reliable and
The configuration is somewhat improved compared to the air conditioner, but it is still heavy, the structure is complicated, and it is expensive.
Technological challenge to be devised
Therefore, in order to solve the above-mentioned problems, the present invention has been made to solve the above-mentioned problems in view of the reliability, d
Equipped with a triple-walled cooling system that enhances the weight of each unit and ease of after-sales setvice,
And a heat generating device.
Another objective of the present invention is to use only the wall and blower of the enclosure in which the PCB and the device requiring the cooling device are mou
In the system which realizes a new radiating convection structure and consumes a relatively low power, a triple wall
And to provide a communication equipment enclosure having a cooling device.
Other objects and advantages of the present invention will become apparent from the following detailed description of the invention when read in conjunction with 1
It will lose.
Composition and action of design
According to another aspect of the present invention, there is provided a heat dissipating device for a communication equipment enclosure,
1. A communication equipment enclosure in which a plurality of PCBs and devices are mounted,
Left and right side walls of the case made of triple;
An outer air passage formed in the left and right side walls, respectively;
An inner air passage formed in the left and right side walls, respectively;
An upper fan operated so that outside air flows only from the lower end to the upper end of the housing through the outer air passage;
And
The air inside the enclosure is operated to flow from the upper end to the lower end of the enclosure through the inner air passage
And a stem shelf upper fan.
In this embodiment, sealing between the housing, the enclosure loop and the outer top plate to prevent air leakage
Lt /RTI & gt;
The system shelves being spaced apart at regular intervals to cool the air exiting the shelf outlet
Exchange plate;
An outer air passage through which the air for cooling the heat exchange plate flows from bottom to top;
An outer discharge unit for discharging air warmed up through the outer air passage; And
And a roof for discharging the air from the outer outlet,
The heat exchange plate is preferably shielded from the outside in order to protect the PCB and the devices from external environment,
Preferably, the shelf outlet includes a blower for the rapid flow of air,
The outside air is preferably introduced into the outside air passage,
Preferably, the outer outlet includes a blower for rapid air flow,
The roof is provided with front and rear surfaces of the housing so that the air escapes and water can not enter the roof
https://translate.googleusercontent.com/translate _f 1/16/2019
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Lt /RT, . . . . .
Tfie roo} 185L sealed to the right and left sides of the housing with a sealing material such as rubber or silicone to prevent water leakage.
Directly,

A bottom shelf that houses PCBs and devices that consume high power and have a strong structure in the outside environment;

An air inflow part for introducing outside air into the lower end shelf; And
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And an air discharge unit for discharging the introduced air to the outside,
The lower shelf has a separating wall at the top of the lower shelf to prevent heat from being transferred to the system shelf
Lt,/RTI & gt;
Preferably, the air inlet includes a blower for the rapid flow of air.
According to another aspect of the present invention, there is provided a heating device for a communication equipment enclosure,
In a telecommunication equipment enclosure in which a right side wall is made of triple and a plurality of PCBs and devices are mounted,
System shelf;
A heat exchange plate surrounding the system shelves at regular intervals; And
At the lower end of the heat exchange plate, there is provided a heater for protecting the PCB and the devices during a cold weather.
In the present embodiment, the heat radiator has a plate-like shape in order to increase the heating area and minimize the installation height
In the following description, a communication equipment enclosure equipped with a triple-wall cooling device according to a preferred embodiment of the present i
Many specific details, such as the structure and function of triple walls, provide a better overall understanding of the proposed design
Respectively. However, for those skilled in the art,
It will be apparent that the invention may be practiced without departing from the spitit and scope of the present invention.
In addition, the features and functions of well-known communication equipment enclosutes are described in detail to avoid obscuring the present invention
, And for the same terms, English initials or Korean language interpretation terms shall be used for convenience of explanation and understanding.
Fig. 4 is a front view of the communication equipment enclosure according to the present invention, and Fig. 5 is a right side view thereof. Referring to the drawing
The construction of the present invention will be described. In a communication equipment housing 450 equipped with a three-walled cooling device according to tl
A system shelf (490) for mounting PCBs and devices sensitive to external environments, a system shelf
To the shelf outlet A blower (Fan) 330 for the shelf discharge unit for blowing air,
In order to cool the hot air in the passages 400 and 520, the system shelf 490 is heat-
Plates 420 and 500, external air passages 410 and 510 through which outside air passes to cool the hot air,
(Plinth: 470) equipped with a passage through which outside air flows, and a heat exchanger
A ventilator (340) for the outer discharge unit for blowing the air on the roof; And discharging the warmed outside air to the outside
An outer case discharging unit 540 and 570, a case cover 310 covering the upper end of the case 450,
A housing roof 370, a lid 370 for preventing intrusion of snow and rain leaking into the housing roof,
Jaws 550 and 560, a sealing material 320, 360, 390, and 530 such as rubber and silicone sealing the jaws for the room,
A heater (430) for protecting the PCB / devices, and a PCB / device (460) resistant to the external environment
A lower end shelf 480, an enclosure for receiving external air for cooling the PCB devices mounted on the lower end shelf
A rear door 580, an air blower 590 for increasing the cooling efficiency by speeding up the flow of the outside air,
The front side door 600 where the air cooled the shelf 480 is discharged, the heat exchange between the lower side shelf 480 and the system shelf
And a separating wall (440) for blocking the separating wall (440).
Referring to FIGS. 4 and 5, the operation of the communication equipment enclosure having the triple wall cooling device according to the present invention will be
The enclosure is constructed by three walls of the left and right sides of the housing, and two air flow passages (400, 410, 510, 520)
. Here, the external air passages (410, 510) are arranged such that the external air is blown by the blower (340)
And the inner air passages 400 and 520 pass through only the top of the system shelf 490,
The air inside the enclosure is designed to flow from the upper end of the enclosure to the lower end by the ventilator (330). With this design,
The heat exchange efficiency in the heat exchange plates 420 and 500 at the left and right sides of the housing can be increased.
In addition, a triple-wall structure and a completely enclosed roof 370, a housing 450 and a ceiling 550,
And sealed with a sealing material such as a cone to have external air flow passages 410 and 510 and a sealing structure. In addition,
In order to prevent the water from flowing into the inside of the roof through the outer discharge portions 540,
The jaws 550 and 560 are provided on the front and rear sutfaces of the housing and sealed.
In addition, the heat generator 430 is installed below the internal air inflow portion at the lower end of the system shelf 490,
In case you need heat. At this time, the heating unit has a large heating area and minimizes installation height
A plate-like heat generator 430 is used.
5, the external air introduced from the base of the housing is guided along the left and right passages 410 and 510,
And is discharged through the outer discharge units 540 and 570.
In addition, a partition wall 440 is provided under the plate-type heat generator 430 so that heat is transferred to the lower shelf under the housing,
Twill.
Here, the PCB device mounted on the lower shelf consumes high power and has a strong structure in the external environment
The outside air is directly blown from the rear door 580 to the front door 600 through the blower installed in the lower shelf,
https://translate.googleusercontent.com/translate _f 1/16/2019
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Devices 460 are directly cooled.

While the present invention has been described and illustrated by way of example and with reference to the drawings,
Various changes and modifications can be made within the scope of the technical idea of the present invention.

This will be obvious. For example, instead of using a flat surface as a heat exchange plate,

It is also possible to increase the rate.

Therefore, it should be understood that the present invention is not limited to the particular form set forth in the specification,
The claimed invention is intended to cover all modifications, equivalents, and alternatives falling within the spirit and scope of the present invention defined by the .
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It is to be understood that the invention includes equivalents and alternatives.
Effect of design
The present invention operates as described above, in which the air flow in the inside and the outside is opposite to each other in the left and right sides of the housi
The heat exchange efficiency is high in the heat exchange plate because the heat exchange is petformed in the thin heat exchange plate.
Another effect of the present invention is that only the internal and external blowers are used to cool the enclosure,
The reliability of the cooling of the furnace is enhanced, the after-service is easy, and a separate heat exchanger is not attached,
The cost of the apparatus can be reduced, and the cooling apparatus can be lightened.
Another effect of the present invention is that the air flow passage in the inside and the outside is sealed by a triple wall structure,
It is possible to maximize the efficiency of use of the machine, and even if snow or rain, it is possible to perform excellent rain.
Another effect according to the present invention is that a plate heater is adopted for keeping the system warm,
Less resistance to airflow, and less risk of fire or burns than coil-type heaters.
(57) Claims
Claim 1
1. A communication equipment enclosure in which a plurality of PCBs and devices are mounted,
Left and right side walls of the case made of triple;
An outer air passage formed in the left and right side walls, respectively;
An inner air passage formed in the left and right side walls, respectively;
in glpper fan operated so that outside air flows only from the lower end to the upper end of the housing through the outer air passage;
1

The air inside the enclosure is operated to flow from the upper end to the lower end of the enclosure through the inner air passage
And a stem shelf upper fan.
Claim 2
2. The airbag device according to claim 1, wherein the airbag is sealed between the enclosure, the enclosure loop,
Heat dissipation device for enclosure.
Claim 3
The method according to claim 1,
A shelf outlet for discharging hot air of the system shelves upward;
The system shelves being spaced apart at regular intervals to cool the air exiting the shelf outlet
Exchange plate;
An outer air passage through which the air for cooling the heat exchange plate flows from bottom to top;
An outer discharge unit for discharging air warmed up through the outer air passage; And
Further comprising a roof through which the air of the outer outlet portion escapes.
Claim 4
The heat exchanger according to claim 3, wherein the heat exchange plate is made of a material that is shielded from the outside to protect the PCB and the devices
Heat dissipation device for communication equipment enclosure.
Claim 5
4. The apparatus of claim 3, wherein the shelf ejector comprises a blower for rapid aitflow,
Heat sink.
Claim 6
The heat dissipating device for a communication equipment enclosure according to claim 1, wherein the outside air flows into the outside air passage.
Claim 7
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fdaFhengpparatus as claimed in claim 3, wherein the outer casing has a blower for rapid air flow,

Claim 8

[4] The air conditioner according to claim 3, wherein the roof is provided with an air conditioner jaw so that air can escape and water can not enter,
Installed heat sink for communication equipment enclosure.

Claim 9

Public utility model room 2000-0000118

Page 6
The roof according to claim 8, wherein the roof is formed of a sealing material such as rubber or silicone on the right and left sides of the housing for preventing wa
Heat sink for communication equipment enclosure.
Claim 10
The method according to claim 1,
A bottom shelf that houses PCBs and devices that consume high power and have a strong structure in the outside environment;
An air inflow part for introducing outside air into the lower end shelf; And
And an air discharging portion for discharging the introduced air to the outside.
Chi.
Claim 11
11. The system of claim 10, wherein the lower shelf comprises a lower shelf to prevent heat from being transferred to the system shelf,
A heat dissipation device for a communication equipment enclosure, provided at the top of the shelf.
Claim 12
11. The apparatus of claim 10, wherein the air inlet comprises a triple-walled cooling device with an air blower for rapid airflow,
. Heat dissipation device for communication equipment enclosure.
Claim 13
1. A communication equipment enclosure in which right and left side walls are made of triple and in which a plurality of PCBs and devices are mounted,
System shelf;
A heat exchange plate surrounding the system shelves at regular intervals; And
And a heater for protecting the PCB and the devices at the time of the cold in the lower end of the heat exchange plate.
Thermal device.
Claim 14
[14] The apparatus of claim 13, wherein the heat radiator has a plate-like shape to widen the heating arca and minimize the installation height
A heating device for a communication equipment enclosure.
drawing
https://translate.googleusercontent.com/translate _f 1/16/2019

SEC et al. v. MRI
SEC Exhibit 1022.5679
IPR2023-00221



v T W e echnology

Page 7,

11-6

1s://translate, 200 gleusercontent‘com/translatej

SEC et al. v. MRI
SEC Exhibit 1022.5680
IPR2023-00221



(51) Int. c1.°
Ho4Q 1/02

(18) BB &S

(12) SHaE

A1OFAI2000-0000118

42000-0000118
20002012 15&

(21) s88s

_{(22) =R

20-1998-0009371
1998 06E 0221

(71) s210

(72) DeHA

(74) Chelel

AT FAE A =52

FIIZ 2BA

REL

ZIIE Al For7 X
=ik

NESEA Zs7 2
2gs

NESEA 2SD 225 108-4
=k

AESEA S%P 5528
or 4t

FIIE Al 297 70
ISR

g
e
4
=]
m

IS 342-46 S I 3det 1028

(54) SAIEH| BIHS gt 9 W &I

sS4 Fdl gHE &g
S& FZdl Ao A

2, ZASHU0 2
ozg s2E= IS

2 SEEE HES=
3ELE MAZLD, O

E 2dF¥s A= S0 =
HHEIE PHIGHH 0O

S 12 8d9 =4
T 2 = B OE
£ 32 =Ue UE
T 4 = & 02t 2
S 5= & 0ot &
<EzHo =g FZ20
10 HI2 201 =
30 1 B HiER
50 ¢ EH A=

70 1 AR O

-4

[ohal

0m
[z

w
o

o

O o

o
]

il

Om

SR CHOH JHAIBICE,
J. 3Zo= HEE MO X
SaE o= BIER, Q9
aSRE o S 30

T o

5t
S WD ATHEBS HIGH

B2t EXITt FEE = Sal

M oHDE T U HWDE o

&L

s HSZOICH

Tyl BN R=HSO0ICH

Al BH BN SEHSO0ICH

Al ZY| 8HHISl MEEOICH

Al ZY| BHISl REUZO

259 >

= 20 =7
40 : 2=
60 : L%
80 @ she

PCBZH A0t EEE
22 S48 HiEsg 20|
At

= SIISZE Soll

2

4

M
2
x

th
W n

Jlm PCBSt RIISZ 25540

18100
For [H © HU 70 o 1T

-{o i

SEC et al. v. MRI
SEC Exhibit 1022.5681
IPR2023-00221



d

JH & 241 2HA2000-0000118

100 @ M X= 110 @ &2F &3

120 1 &30 130 @ &< OHoI=

140 @ 2 150 : EHA

160 @ 2+& 170+ & 2

180 @ of&t &= 190 : PCB, & Xl

200 @ PCB, &XI 210 1 S #Z

220 @ AfCH HIlT 230 @ &g H2P HX

240 © A X2 310 @ X +=H

320 : =% XS 0=, del=2 330 @ EXZ HIERE 527]

340 @ 22 HHERE 527 360 ¢ s XS 02, yei=2
370 ¢ A NS 390 1 == ZX=E O, &elE
400 @ LHE 301 &2 410 @ 28 27| 2

420 @ QWE = 430 @ 2T

440 @ 2ol= 450 © BHA|

460 @ PCB, Z&X| 470 @ grE

480 @ Sttt A X 490 @ AlAE 2D

500 @ e o 510 : 2I8 37| =2

520 @ e 2II E2 530 : == X8 D=2, AL
540 @ 2/ HHESR 550 @ &#eE o

560 : &#<=E o 570 1 2= HIS=2

580 : 2 590 : £=7]

600 : A=

2 Dote sS4 U BHMES 2E L AT S HOICH S5l U2 BT B ASAIIL A
I o= M XHS =3 SBI|(Fan)T2 0|88 ME2 2 (i PXS AS50 Hnx A2
ADGHE AIME(System)OIlAl OIEFOI SHS SH= 3FH WA IS XE S U BHO 2E A
OICt.

S 12 39 S& U B USOICH 0/ FDE ZH S Dyl BHE L5+, SO
SIS & PCB(Printed Circuit Board), ZXI(Unit)S0l AF Sl= &gt MI(70)9 5t 2Z(80)
A7) TN JtEE BIIB R AIBID 218 W2 SZJ(Fan : 60), AJ| JtEE BB H2AAII|D)
PIE BI|J} SE= HAZ B/ S5 S2(10). 4| HAS B} SOi0t=s B LA Zo| AN
23| BUR(20), AJ| WAS BIDL LAB T (AT BI|S ALEZ WSS AS SH K20 DA
& I BIS2(30). &) CIRA BIIS A=0l SHOJ ot % S2I((40)8 BHE HIZTE =
S5t BH XI=2(50)2 THIGH OIR0{FCH

&7 BHO W BHES £ 12 FNE SYSIY, ACH- 1S WI(70, 80)0I AFE 24 PCESt FX
Sol Sk ORA BIIE S W0l EXMots W2 SZ01(60)01 S (15 B0 &7 1R ohe O
SIZ BIIS WI(70, 80)% BI| S5 SZ(10) A0 ME TS Sof HASICH OIM CIYA 27|
S WAADIS BII= BA S0l EMEHs

2| EYUR(20)E Sl 2AR0NA 22Tt
o]
=

OIXid &=o Oz 272 RS & 327t €ng stz Sof €wa0| O/F0AH, SSIZE 28 2
M CHE &0l 2ol 222 22/= OHZ T, 218 SJ|l= 92 Sct2ich. o, & =2 &
XS0l SE71(60, 40)E gH, WE H2t0 ROt Loitch

T2 = U2 S S ZHd| X 5HZ0/1, £ 3 2 EZ S4 Fd| &He EHZ0ICH 0l
E D=2 S UE XM R8s ZdotH, Sl H(150)=, & - = - oteh "=(200, 210, 180)
Ol AZtel= 2rE S48 PCB - &FXI{190,200), &2 ZXUA U= QRE 218 42 ZX(110)2
ZO0IS0l= £371(120). &7 ULYd B2 d2ists 2t FX(110)E F4&sl= 2 TH0I=(130)
&7 & THOIZ{130)2 QIRe & ZIIE EBOUS0I= =H2(140), &7 SHME £X=s 23H(160)
22(170) EBHE = - HIZ22H ESst= gd NS(100)2 F2HIotH IR0 &L

Jeln, = 3 2 Z2xy =" A201 2 AL HE8cts s SMs et #Hlel XS(240)00

SEC et al. v. MRI
SEC Exhibit 1022.5682
IPR2023-00221



=0 &l =41 2HA 2000-0000118

=Mooz AFEE 49
Z Lt Ch==oHoF &&=

A=0 PCB H FXI(190, :
140)01 Z2Z0 = 2 0l LIEtY 271 S EXE gHd =4

e I=2

SHE T 28 U2 SdsHH, U
2 |
(

(110) LH=20l =& £ ToI=(130)0ll 2lated &XHl W - 2=
I gl g 2 ZAx{110)0 =2
Ch. &H2b ZX{110) LR &
Bl SIRE A= 0S5k
| 2lgh =30] HSEHEA =

[
MOIZ(130)E Sct= g2 2429 ME 2 S50 2o H2g
Ch. D2/ ol &2 22 S82 H2h FX(110) W2 £=7((120)0
ol H CetAl SHH 212 sl 01O X2 5= HO0ICH.

Jdejut, &) gdle d2 FXE 22 o020 U (Airconditioner )Lt SWEIIE AFZ8I =0 ol
OHBTAUS 22 AL WRE0 22X AL, A TAHAE AMIE Y0 0JF EI) H*H +
XTI STStD H=ZE APl A(After-Service) SHUAE HS 4| E0] LMSICH FwElls A24d0 W
TAZ2 ACIAUO dHioh Tt gtatsEll HEsl fH 0 220 SESHH It "= SHE 0l UCH.

g o ooz e ko 0% ng

o

mHetAl 2o SHIS HZSID 250, L2 FIS A2, YR, HE HS, U
2 3 HEZEIMHIAS SOIMS =00 35% W2 XS 2E, S4 HYl S 2d
TR 2E 2O B

= Dotol OHE S W2 AT WS PCRS XL AFES SN XM =} SEIUS 0|8
ME22 2 UF XS 48560 DA NERS L25k= AAHIA AFH HAS 5= 35H
W HXE 2E S 2 BUE HMBsis 200

2 Doto| [1E S HFS Olehol DS AAIE HUS YD OfHS THES AEGS B U
= AL

abJIet 22 SHE= 2€4dotJ] Qoo 2 Aol E Sél &4l s 2SI digda dAltl=,

Ct==2] PCBZE & X0t &&= S& Zdl A0 AN A,

3ZOR MEE &7 MO M=,

&7 BRSO 22 FAE HI2E BIISE;
&0 HPSHY 22 HAE 94F BISE;
SIRBIITL 47 HIZE BIISEE Sof &7 BH SISIN AHORo SZTE2 BSsHs LTHRE;
al
&0 BRI WRRIIDF 40| 0% BIIS2E S0l 40| BH ACAl SHO20 SRES HSots Al
AE HWI NSRS HIGH OIR0iACH
S AAGO YOIH, BII SHE LIINIH 47 BH, M FI U AR4T A0S Y=Helss 2
Ol Hier=stn,
&0 HIT HESE SOl L2 TIIS W50 A% A7 AAY DS IS AHS £ sin
nETE
A7) FIME BES HASD| 2B B} OLAHERE T S2=, A B)| 2
40 9= B)| SES SOl O BIIS A2 HSots AT HET: 2
&7 o WA B0 WHLIIIS XNI2S O RHIGHS 20| BHEE5HH
&0 ¢me T2, PBS HASES oF BAOZLE 2S5 A o=t IHBEs 20| UG,
&0 HIT HERE, 2I19 A=s SES A%k EIS FHIGHS 20| BIZEGHH,
ALBII= 4| HIZE B)| SEE RYSES Ol HIEHGH
&1 AR HIERE 2719 A=s SBS At SBIIS THIGHS A0/ HIEE G
&0 X20l= BIIE WHUIID 22 SOS 4 §USS Y22 =0 BH IS0 £XsEs A0l
HEREEIGHO,
&0 NS $4 YXE 2A%) B HPS0l DR 222 SO USHE Y220t S 00| HHE
5401,
DEHS 2DoHVA AFSH0IE LB PEES JIND UYS PR HISS FIHs otptw Am;
&7 Gtee WEZ oTo BIIE RYSE BI RYS; ¥

11-3

SEC et al. v. MRI
SEC Exhibit 1022.5683
IPR2023-00221



Vd
=
>
ot
Pal
ro
Vs
N
3
S
S
©
S
ot
=t
>

AT ReldE B2 2ARZ tiEcte B2 ISR E O Fdlst= A 0] oiE&6H0,

D) SHER 2D =, AAE ESEZ2 F0| g8 E AE Y| 2ol 2eHE SR #IZo] AN 2]
Bt= 200l HHRHEIEHH,

AT BI RYUR=, 2712 M=EE S ES Foh 2712 FUist= A0 HHEESHCE

018 OHE S = g4dotd| 2et 2 Dot HE S4& &Yl &MsS 9SEX9 dteEas A=, &
SEHQ| 3IZB2Z MHEE D, Ci==2] PCB2t HXIDF &&El= S4 &dl gXd AJoA

NES= =

D] AIAE HES AFE AARS S0 SN IuE o I

A0 S WE B S0, S8 PCBRE XSS ESSHI| £ 2EIIE F2HIs

2 AN UM, &0 2E0|=, 28 HAZ G ot 8K =012 FASEHD] flo) B 22422
0|20 Al= 20| B & ot

S| SHA 2 Dol diEAS AAH0 E 33Y dH2 EXE XE S& 4 SHIF ERE &
HE HXEXZ, 3BHS A2 Jis S &2 B2 S& AAHES0 2 oote 20 MerEe! OlohgE M=
otJl <ls LEFLE QJUCEH 2Lk, goll JI=S 200l g IS0 JqoiAl= & 10| Olefst &Aist
SH==0] 20T A28 2 0o Ji=A AtA 2o 2061 AAIE = UCh= 240 Hedg JH0ICH
CEsH, & A Sal Ul X €& LU Jss2 B UotE 255HA 2 o101 ol A AHIS 895t
X E20, =2 200 doldse 89 & 0|oHel Holal A2 OlUE L= 20| 48308 gssttt
T 4 = 2 00 gt S4 &Yl XS 2S00, £ 5 = 10 FFHEO0ICH &) £HE #EFO=2
= 000l &S AHoH, 2 L0 2/et 38Y 2 FXE AE S4l Fd| HI(450) =,

9IS SO LUS PCBR} HXSS MFH= AlLAE HI(Systen Shelf @ 490), &I AlLE HIO|A
U= Cf 2II8 42 YERE STAIs 4 BESS S2I|(Fan © 330), &7 W2 2I|
SZ(400, 520)2 G2 ZIIE H2AIF|ID] ol AlAE 2T (490)E LA 2SS S SN E st
TH420, 500), &J] 02 Z2JIE L2LAI2I2] 28 28 27t AUJtsE 208 2I1 S2(410, 510), &
Jl 2l ZJ1JF RYg=E E27F FRHIE A & (Plinth @ 470), U2 27(2t8 Suatez HYE 2
£ 2IE NSUAZ SEATI=E 242 S22 FED|(340); &7 A 2 BIE ARZ U=5i=
2= HIES(540, 570), & RHI(450)C] aAtctES E= &H F2(310), &) SMHE = - HIZS2H E5st=
Sl XI=(370), &7 &x XNESZ % & = 4|2 FYES U= SFAB70)ULHH =Nots 422
S(550, 560), AlJ] HRE S22 USste U2 - &2I2 S LUESTU(320, 360, 390, 530), EHI| Wal
PCB - AXE2 ES0otI| |st &ET[(430), 2 A0 OISt LH-0] 248t PCB - & XI(460)E2 &l&tot=
SICHE 21T (480), AHD| otots &0 A &S PCB- XSS H246HD] He 28 2121 =0il= A
SI2(580), 4fJ| A2 =ZJ|8 sEg ¥z S5 YL SEE =0l £EI((590), &I o=
EIT(480)E H2AIZI ST LIJ= SHHl 2 2(600)3 &J] SIS &T(480)9F AIAE &Do] st
S gt= 22| (440)2 FHISIH OIROIEC

2 LY 2|8 3EY W2 AXE UFE SA MY EXHL SHES T 42 £ 5 E FUF 4H51H, 2
Sl X Ie=s2 U2 3522 MESN 371 88 SZ 2J0(400, 410, 510, 520)E =0 22
SASICH OIlA 22 271 S2(410, 510)= SU23T1J 2= HiE2E S=71(340)01 2o &l oret
Al SO Z20 SE0 WS 27| S2(400, 520)= AAE HI(490) HIZ 20 e 2D giEsEs
EZ01(330)0 2ol Ex LHE 2210t X A4CSHlA ot 2tsto2 Ss23 S €0t OlxE &3HotH,
SHAl Z2=9] ZwE BH420, 500)0AS ZEnE S8 AN g 5 UL

CESt 3EY RX0ITAE SHSHH &M X=2(370) SHHI{450) & 2= (550, 560)S LRLE alg)
2 So U2 U= HIUSIH AR I S S2{(410, 510)2 L= REE A=, E£& 242 s
S 2550 25t 2= HIE=2(540, 570)2 SO S0l XS AECZ ReYTls AS 94D 2ol g2
(550, 560)= M2 AE=HO AXct2 USEC.

Jelld, 2EI(430)8 AIAE &l (490) StH=R2 LR 2J| RS Of2iol EXIstH ESHAI0 AlAE
Ol Z0] 28 HBSE UIBIstCh. OJMHe £Ell= 2 Mz G ot, 8X=0l= =456 €6
ot 220 2 (430)E AFSESHCE.

= 5 0] LIEFS BIQE 20| XIS 2ElA ReE 22 2l HRSZ(410, 510)E et X'=(370)2
2|2 HHE2(540, 570)E HA Hi==IC.

Lok BtE 219 T((430) OF2HOll= 22i2(440)0] A0 & ool otets &g 0| dMgse HE X
CHSECEH.

HIOlA Steh 2lZ| AEE = PGB EXl= UEEE AR0IHA 2R Sd0l= 28 REE I8 22
= SR HIOp S SEIE Soll F2(580)0A & 2(600)2= 22 EIJIE HE &35t =¥
X460} S0 =& H2E5HCH

A7) HAHUIA 2 NotE EHE SASZE (E S0 A6t SHESIIUXN G, 2 02 S48 A4
=2 JiE JAoiHeE & 002 J=3 AtaES SHOUR &2s g9 UWHIA 2l J1X dsiel gE80] JtsE
O] HeHsr ZHO|CH, OIE S0 SuE T2 HEst HOZ otA 20 FEE 0 502 =0 €2 =
22 =0l Hx Jisg 2010

HetAl, 2 0ot2 GAAMA dSs SE8 HElE stasl= 20| Ot H2eZ O|oiEI0oF 33, 23
2 B aerzE F#28 HRE0 Clel d2iE, 2 0o JEE Ata g9 Uil Y=E BE HEZ,

SEC et al. v. MRI
SEC Exhibit 1022.5684
IPR2023-00221



AT
=3

FOi
A =0l

s
Ck.

=

=
=~
=

el

x

A=
H =0l

g

Ol Al

S g

H&l A 0FAI2000-0000118

sS=8 us=
Fatel 280l

tCEH.
FOH

=
- =
=
=S
o=
[s]
o]
k=2

=
EH

=

FRH L

FOL AL S

i

Zt -

es

x|
mEt
1
b It
i 2

=
=

=3
=
.

g

=

F

|z
i
2100 i

je]
AL
.

oe ZHEIIE T

FO4

5
b2,

j o)
=
FEFOIL A

=]

Ch.
0|

tCFH.
Isi

[

st
bel

ATt
5t

b Jts

SEOIHAZ U -

3
- HIJE 202 2

HEIO10F
SEIIUE AE

3
B Al Hl

=
-

it
[

2 0l
=4

OH

W-e
AL,
Xlel B
, 3

=t
=]

=l

S T

LHZFO

X
-8 1
Ct==2] PCB2}

3|

A

=

Py
=
=

Ho o

|
5

lle}
W el
0t
= ol
~ &l
[0 DF
I
)]
2 HI
o0 7l
=~ il
20<|

sl

st

S

a=xeal

=
=

| UAOA,

3

3

>

b

&

S

e

DSIEn|

ol
)
i©

o

]
It
e

Al

=
=

= 2
ote.,

<]

S]

=

=
PIZ

=
=

=
10 WA LItE ASE O 74l

ey
=

|

[s]

BIE=%

=1
=

WE
=~
FE!

| 2

7

b

A
=1

ol
Ell

el
E
B R
= K0
L Bl
D%
gl
&R
3% il
55
00 K0
REd
= o

5

b

&

=t

%
=]

0o

=

<
o0

™
i
1
i

Al

ol &

r

2

ol RAOIAL,

.
I

S
=

A3

SEC et al. v. MRI
IPR2023-00221

SEC Exhibit 1022.5685

11-5

9

X

b

&

=t

gFod X}
o=o
=

x



© = 0 DF =3 ol i
~— 10 pAl ) K0 ol
g @ §iow P :
T @ o 30 i o
Q =T = _ -
g K F K z i = A
SO g o Ko K0 =
.AE w] ﬂnm p— o i _ —
by _ = H . vl o
o) ol 10 %0 S =] X o -
2 o = & 2 =) ~
) 10 < — e 53 L 6
b M a 1o = + il W
R k0 . or il 5 o 4
= < I — 3 s o
Io QE juhind 9_.__ ™ am_“_ R
| U = 3 Ho i "
oF ® O 1) 40 ] ~ =
B CON i = ) il i
- . s < © - il :
S [o3] alll ok < =
Hr g 2 ”) ol o i) al
OF = 6 - oo
5o r an 1ol w &l ™ ol
o ot W il r o]
= o1 O ] o R0 W =
ol i< Ok n = — K . [ERRIE B
A Ag___ﬂ < 20 ™~ n
B RO =0 70 STE =< ol an
GN Ao i = 10 EIl R
Ul Ko = 0 A s 0K 5]
iz M = = oo M W ®o
A PRI 00 w2 5 o
70 i ol MO = I - o o 5 o
b s il DI <+ & JyRo
JF o now s — e b W = e
oy 5~ W ok - -
B OIS i< ~ PR D ge
70 ™0 i, o o r ") 2
= 0 W g 0 b0 o 5 ol gfg
_= Yoo P 5. o w o
Ly 0 o1 o KO K = ol = <0
s oo - > wooow +
« 10 N n P ke T
T =T Dow oA Xt ZXE o m® =
S - R S X O 1 e
= __ﬂ 54 E_ ) 035 03 2 s f 0 o
D 4 0w =) = — H 0w =
5. 25,00 Town ¥eWeosgyn ¥oo
S SR S B B - O I O
AT R A TE F TN R AR T
Fu R EMN 92 IR WED MEN G I D 0 R Eo

SEC et al. v. MRI
IPR2023-00221

SEC Exhibit 1022.5686

11-6



S A & 41 2HAI2000-0000118

40

D I i e R —

70

80

11=7

SEC et al. v. MRI

SEC Exhibit 1022.5687

IPR2023-00221



0H

e e §§ 130
210 P ~dd s wd O W
200~ iR i
1890 1 o &%=
180 —J__4 =
, M ]%”"“ 140
170 7N ) o
oo : B
I *\’* K' *«-" F\Jﬁ(}
160
P
) i

JH & 2 412FAI2000-0000118

SEC et al. v. MRI
SEC Exhibit 1022.5688
IPR2023-00221



0H

JH & 2 412FAI2000-0000118

240

L 4

HE

5

(

ol

w

Prod it e ]

N TR R

230

v
=3

SEC et al. v. MRI
SEC Exhibit 1022.5689
IPR2023-00221



d

JH & 241 2HA2000-0000118

:ni 34§ 3)5:}/3?@
530 .\ . 390
520 (—f P ,-.-.‘:. = 330
U e ST M@G
! B SR SRR S !
msv\ | - ;,*,W/MQ
‘_/»\__/
500 ! s
\‘“’“\i i 420
f’-\/
/
490
! 'fv\:s,s{}
\N\“¥
11 460
480 -
LW T
A\ /
N i
470
51 o

11-10

SEC et al. v. MRI
SEC Exhibit 1022.5690
IPR2023-00221



d

JH & 241 2HA2000-0000118

550
N 580
540 TS 576
e - N e ﬁ
. ,E % =
T 3 3 T
! 1
800 580
,\ "%.j
/§90
]
Z TR
= i 0N
Z IR
o P PR T i e | R
A N
Z N
7 M 4HR
s Es — e -— € - QS-
113
o
R

11-11

SEC et al. v. MRI
SEC Exhibit 1022.5691
IPR2023-00221



Espacenet - Bibliographic data Page 1 of 2

COOLING DEVICE, COOLING METHOD AND ELECTRONIC APPARATUS

Inventor(s):  MIZOGUCHI MOTOSHI [JP]: HOKAO SHIGEYUKI [JP]; NAKAI
YASUHIRO [JP]; OZAKI YUZO [JP]; SONEHARA TAKASHI [JP] +
(MIZOGUCHI MOTOSHI, ; HOKAO SHIGEYUKI, ; NAKAI
YASUHIRO, ; OZAKI YUZO, ; SONEHARA TAKASHI)

Applicant(s):  SONY CORP + (SONY CORPORATION)

Classification: - international: GO6F1/20; (IPC1-7). GOBF1/20

- cooperative: G06F1/203
Application KR19990054783 19991203 Global Dossier
number:
Priority JP19980345847 19981204 ; JP19980345849 19381204
number(s):

Also published AT260483 (T) CN1258032 (A) DEG69915010 (T2)

as: EP1006426 (A2) EP1006426 (A3) EP100842¢ (B1)
KR100702344 (B1) TW558937 (B) US2002012228 (A1)
US6437978 (B1) US6599090 (B2) less

Abstract of KR200600047898 (A}

FURPOSE: A cooling devics, a couling method and an sleclronic apparatus arg
provided o be capable of sasily discharging air in a main body of an slectronic
apparatus of even a miniature type in which a gap between an ai inlet of the cooling
device and the inner wall of the main body is narrow, a cooling method therefor, and an
alectronic apparatus having a main body 1o be conlad by the cooling device, and
discharging air even in a space, opposite 1o an air inist of the cooling device, ina main
body of an slectronic apparatus. CONSTITUTION: An electronic apparatus includes a
main body having a movable bottorn surface portion and a display unit
openablg/closeable relative 1o the main body. In ons arrangement the cooling devics
includss means for transmitting an opening/closing angle of the display unit, and
means for driving the movabile bottom swiace portion in aoccordance with the
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HYBRID COOLING DEVICE

Inventor{sh PARK JI HWANG + (PARK, JI HWANG)

Applicant{s): ICURIE LAB HOLDINGS LTD + (ICURIE LAB HOLDINGS LIMITED)

Classification: - international: F28D15/02; F28D15/04; F28D20/02; HO1L23/427;
(IPCA-7): F28D20/02
- cooperative: F28D15/0233; F28D15/0266; F28D15/046;
HO1L23/427: F28F2210/02. F2BF 2245/02;
HO1L2924/0002 more

Application KR20030004932 20030124 Global Dossier
number:

Priority KR20030004932 20030124

number{s}:

Also published AU2003273116 (A1) CN100419355 (C} CN1759284 (A}

as: EP15850098 (A1) EP1595098 (A4) JP2006513577 (A}
KR100505584 (B1). RUZ008126722 (A). US2006266498 (A1)
US7249627 (B2) WO2004065866 (A1) less

Abstract of KR20040067701 {4}

FURPOSE: A hybrid cooling device is
provided to perform cooling operations by
laterd heat in a phase changs and by
ventilation and convection and {0 improve
cocting efficiency by minimizing the loss
of conduction heat transfer through fins by
instailing the cocling device belween the
fins. CONSTITUTION: A hybrid conling
device(100) for cooling heat from an
axtamal heat sowrcs is composed of &
phase change cooler(112) having a
rhass-changeable circulating loop of refrigerants formed therein and a branch portion
formead at the side of the loop and a fan{120) installed to the branch portion of the
shase change cooler. The phase change cooler comprises an evaporating unit{104;
formed at one end and filled with liquid refrigerant in at lsast a portion by a capillary
phanomenon 1o vaporize the Hiquid refrigerant by heaat ransmitied from an exdernal heat
souree; a vaporized refrigerart moving unit{ 108} adiacent to the svaporating unit and
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flowing the vaporized refrigerant toward the branch portion; a condensing unit(108)
adiacent o the vaporizing refrigerant moving unit as at least a region of the branch
partion and branched off inlo at least lwo parts 1o condense the vaporizing refrigerant
o liguid, a liguid refrigerant moving unit{ 102} adiacent {0 the condansing unit as at
lsast a region of the branch portion, insulating heat from the evaporating unit, and
flowing the refrigerant condensed into hguid toward the evaporating unit, and a heat
insulating unit for heat-insulating at lsast a portion of the Hguid refrigerant moving unit
and the evaporating unil.
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