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Perimeter Ventilation System for Electronic Display

Inventor(s): Ryan Demars

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to US Application No. 14/624,268 filed on

February 17, 2015 which is herein incorporated by reference in its entirety.

TECHNICAL FIELD
[0002] Embodiments of the present invention generally relate to mounting and

cooling systems for electronic displays.

BACKGROUND

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

areas where the surrounding temperatures may be high or there may be other
sources of heat such as solar loading causing the temperatures within the display
to rise. However, some portions of the display can be difficult to cool as simply
ingesting ambient air into some portions of the display can introduce dust and
contaminates into sensitive portions of the display, which can lead to premature

failures.

SUMMARY OF THE INVENTIVE CONCEPT

[0004] Exemplary embodiments may comprise a display assembly and a free

standing display housing. The display assembly may be mounted within the free
standing display housing. The display assembly may comprise an ingestion gap
that is positioned along the perimeter of a front panel, as well as an exhaustion
gap that is positioned along an opposing portion of the perimeter of the front panel.
A fan may be positioned to force open loop fluid into the ingestion gap, through a
channel behind the electronic display, and out of the exhaustion gap.
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[0005] The same fan or an additional fan may be used to force open loop fluid
through an optional heat exchanger as well. An additional circulating fan may be
used to circulate a closed loop fluid through the heat exchanger as well.

[0006] A buffer zone may be placed between the ingestion gap and the exhaustion
gap and preferably contains one or more septums which substantially limit or
prohibit the vertical flow of open loop fluid once ingested into the housing. The
septums are generally positioned horizontally and near the vertical center of the
display assembly (although not required).

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] 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:

[0008] FIGURE 1 is a front perspective view of an exemplary embodiment of the
electronic display assembly housed in a free standing housing, and indicating
section line A-A and Detail A.

[0009] FIGURE 2 is a front elevation view of the embodiment shown in FIG. 1 and
indicating Detail N.

[0010] FIGURE 3 is a detailed front elevation view of Detail N shown in FIG. 2.
[0011] FIGURE 4 is a rear perspective view of the exemplary embodiment of FIG.
1, and indicating section line B-B as well as Detail C.

[0012] FIGURE 5 is a front perspective view of Detail A shown in FIG. 1, shown
with a front panel removed.

[0013] FIGURE 6 is a rear perspective view of the exemplary embodiment shown
in FIG. 1, where a rear panel has been removed, and indicating Detail D and Detail
E.

[0014] FIGURE 7 is a top perspective section view taken along section line A-A of
FIG. 1, and indicating Detail F.

[0015] FIGURE 8 is a top plan section view of Detail F shown in FIG. 7.
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[0016] FIGURE 9 is bottom perspective section view taken along section line B-B
of FIG. 4, and indicating Detail K.

[0017] FIGURE 10 is a bottom plan section view of Detail K shown in FIG. 9, and
indicating Detail L.

[0018] FIGURE 11 is a front plan view of the exemplary embodiment shown in
FIG.1 and indicating section lines F-F, G-G, and H-H.

[0019] FIGURE 12A is a top plan section view taken along section line F-F of FIG.
11, and indicating Detail O and Detail P.

[0020] FIGURE 12B is a top plan section view taken along section line G-G of FIG.
11, and indicating Detail Q.

[0021] FIGURE 12C is a top plan section view taken along section line H-H of FIG.
11, and indicating Detail R.

[0022] FIGURE 13A is a top plan detailed section view of Detail O in FIG. 12A.
[0023] FIGURE 13B is a top plan detailed section view of Detail Q in FIG. 12B.
[0024] FIGURE 13C is a top plan detailed section view of Detail R in FIG. 12C.
[0025] FIGURE 14 is a top plan detailed section view of Detail P in FIG. 12A.
[0026] FIGURE 15 is a rear perspective view of Detail D shown in FIG. 6, shown
with the free standing display housing removed.

[0027] FIGURE 16 is a front perspective view of Detail C shown in FIG. 4 of the
rear panel, shown in isolation from the surrounding components.

[0028] FIGURE 17 is a bottom plan section view of Detail L shown in FIG. 10.
[0029] FIGURE 18 is a rear perspective view of Detail E shown in FIG. 6, shown
with the free standing display housing removed.

[0030] FIGURE 19A is a rear perspective view of the assembly of FIG. 1, shown
with the free standing display housing removed, and indicating Detail S.

[0031] FIGURE 19B is a front perspective view of the assembly of FIG. 1, shown
with the free standing display housing and front panel removed, and indicating
Detail T.

[0032] FIGURE 20 is a rear perspective detail view of Detail S shown in FIG. 19A.
[0033] FIGURE 21 is a front perspective detail view of Detail T shown in FIG. 19B.
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[0034] FIGURE 22 is bottom perspective section view taken along section line B-
B of FIG. 4

[0035] FIGURE 23 is a front perspective view of the assembly of FIG. 1 showing
only the rear panel, free standing display housing, and a select portion of the
display assembly in isolation from all other surrounding components.

[0036] FIGURE 24 is a top view of the assembly of FIG. 1, showing only the rear
panel and select portions of the display assembly in isclation from all other
surrounding components, and indicating detail M.

[0037] FIGURE 25 is a front perspective view of Detail M shown in FIG. 23.
[0038] FIGURE 26A is a front perspective view of a septum shown with only the
free standing display housing and select portions of the display assembly in
isolation from all other surrounding components.

[0039] FIGURE 26B is another front perspective view of the septum, again shown
with only the free standing display housing and select portions of the display

assembly in isolation from all other surrounding components.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENT(S)

[0040] The invention is described more fully hereinafter with reference to the

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

[0041] 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

4
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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.

[0042] 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.
[0043] 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.

[0044] FIGURE 1 is an exemplary embodiment of an electronic display assembly
5 (hereinafter also the “assembly”). The electronic display assembly 5 comprises
a front panel 10 that may cover the majority of the front surface of the assembly
5. The front panel 10 may be transparent and positioned in front of an electronic
display 70, which is preferably secured behind the front panel 10. In exemplary
embodiments, the front panel 10 is a touch screen. A perimeter wall 55 may
surround the front panel 10.

[0045] A free standing display housing 15 may surround the assembly 5 and may
be configured to permit affixing the assembly 5 to the ground. In exemplary
embodiments the free standing display housing 15 may be flag shaped. In still
other embodiments, the free standing display housing 15 may be sized and
configured to be integrated into a bus shelter.
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[0046] The free standing display housing 15 may comprise a post 20, an upper
beam 25, and a base 30. In exemplary embodiments, the base 30 may comprise
select apertures 35, such as circular holes, that permit a fastener, such as a bolt,
to pass through and thereby affix the base 30 to the ground. The number and
location of the apertures 35 shown are merely an example. A bottom portion of
post 20 may be buried to affix the free standing display to the ground. In some
embodiments, this may be accomplished by burring said bottom portion of post
20 in concrete. The free standing display housing 15 and related components may
be comprised of a metal, such as stainless steel or aluminum.

[0047] The upper beam 25 may further comprise a secondary display 40 that
covers a majority of one side of the upper beam 25. In exemplary embodiments
this secondary display 40 is a liquid crystal display (LCD). In other embodiments,
the secondary display 40 may be a static display comprising an illumination
device, such as a backlight, and a cavity to accommodate a static display, such
as a poster.

[0048] A pair of elongate members 50 may extend from the top of the post 20. The
elongate members 50 may be configured to further secure the free standing
display housing 15, and thereby the assembly 5, in place. Any number and shape
of elongate members 50 is contemplated. In exemplary embodiments, these
elongate members 50 may be sized and configured to be integrated with a bus
shelter.

[0049] As discussed in greater detail in the subsequent figures, the assembly 5
may further comprise a gap 45 between the perimeter wall 55 and the front panel
10 configured to permit the flow of a fluid, such as ambient air, in and out of the
assembly 5. In exemplary embodiments, the assembly 5 may be configured such
that the upper half of the assembly 5 permits the intake of a fluid, while the lower
half of the assembly 5 permits the exhaust of said fluid, as illustrated by the flow
lines. Thisis only an example as other embodiments may be configured such that
the upper half of the assembly 5 permits the exhaust of a fluid, while the lower half
of the assembly 5 permits the intake of said fluid.
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[0050] FIGURE 2 and FIGURE 3 illustrates the gap 45, further indicated by the
cross hatched area which has been enlarged in order to show the detail, extends
along the perimeter of the assembly 5. The gap 45 may further comprise a buffer
zone 46. The buffer zone 46 may be an area, preferably between the ingestion
and exhaust portions of the gap 45 that does not permit the flow of external air. In
other embodiments, the buffer zone 46 may substantially limit the flow of external
air. In an exemplary embodiment, the gap 45 is positioned around the perimeter
of the front panel 10 but is not found within the buffer zones 46. In an exemplary
embodiment, the buffer zones 46 are located near the vertical centerline of the
display assembly 5 and typically there is a first buffer zone on the right hand side
of the assembly with a second buffer zone on the left hand side of the assembly.
[0051] In FIGURE 4 the assembly 5 may further comprise a rear panel 60 that
covers a majority of the rear surface of assembly 5. A rear perimeter wall 54 may
surround the sides of rear panel 60. In exemplary embodiments, the rear
perimeter wall 54 may be substantially the same as the perimeter wall 55. The
upper beam 25 may further comprise a tertiary display 41 that may contain a
backlight and graphic, similar to the secondary display 40. An illumination unit,
such as a backlight, may be placed behind the rear panel 60. A cavity may be
located behind the rear surface of rear panel 60 and may be configured to
accommodate a static display, such as a poster, placed within or behind the rear
panel 60. In alternate embodiments, an electronic display assembly (such as an
LCD) may be placed behind the rear panel 60.

[0052] As discussed in greater detail in the subsequent figures, similarly to FIG. 1
the assembly 5 may further comprise a rear gap 44 between the rear perimeter
wall 54 and the rear panel 60 configured to permit the flow of a fluid, such as
ambient air, in and out of the assembly 5. In exemplary embodiments, the
assembly 5 may be configured such that the upper half of the assembly 5 permits
the intake of a fluid, while the lower half of the assembly 5 permits the exhaust of
said fluid, as illustrated by the flow lines (but this could be reversed).
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[0053] In exemplary embodiments of the present invention, ingestion and
exhaustion of open loop fluid 400 may not take place along select portions of the
rear gap 44, such as the upper and lower edges. In other embodiments, ingestion
and exhaustion of open loop fluid 400 may take place along the entirety of rear
gap 44, with the possible exception of the buffer zones 46.

[0054] FIGURE 5 illustrates the front panel 10 removed, revealing that the
electronic display 70 which may be affixed behind front panel 10 and within
perimeter wall 55. The assembly 5 may further comprise a series of intake
apertures 65 located above the electronic display 70, between the display 70 and
the secondary display 40. The illustrated intake apertures 65 are merely
exemplary, any number and shape of intake apertures 65 is contemplated. The
intake apertures 65 may be configured to facilitate the ingestion of a fluid, such as
ambient air, into an open loop that flows behind the electronic display 70. A pair
of side interior channels 21 and 22 may run the majority of the length of each side
of the electronic display 70.

[0055] FIGURE 6 illustrates the rear panel 60 removed, revealing an interior rear
panel 80 secured behind the rear panel 60. The interior rear panel 80 may cover
a majority of the rear surface of the assembly 5. The assembly may contain a
series of rear intake apertures 75 located above the interior rear panel 80 and
sometimes within rear perimeter wall 54. The illustrated rear intake apertures 75
are merely exemplary, any number and shape of said apertures 75 is
contemplated. As will be explained in greater detail in subsequent figures, the
apertures 75 may be configured to facilitate the ingestion of the open loop fluid.
[0056] Similarly, the assembly 5 may further comprise a series of rear exhaust
apertures 85 located below the interior rear panel 80 and sometimes within rear
perimeter wall 54. The illustrated rear exhaust apertures 85 are merely exemplary,
any number and shape of rear exhaust apertures 85 is contemplated. As will be
explained in greater detail in subsequent figures, the rear exhaust apertures 85
may be configured to facilitate the exhaust of the open loop fluid. Optional fans
81 may be affixed behind interior rear panel 80 and above rear exhaust apertures
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85. The fans 81 may be configured to control the flow of the open loop fluid. Any
number of fans 81 is contemplated. In other embodiments, the fans 81 may be
located at any number of locations along the open loop flow path, or any position
between the intake 75 and exhaust apertures 85.

[0057] FIGURE 7 and FIGURE 8 illustrate the lower half of the assembly 5 and
free standing display housing 15. A side beam 90 may be located on the opposite
side of post 20 and may run a majority of the length of the assembly 5. The side
beam 90 may be comprised of a metal and be configured to provide structural
support and rigidity to the assembly 5. An electronics cavity 16 may be placed
within the interior of the assembly 5. An optional heat exchanger 100 may be
affixed within or near the electronics cavity 16. In exemplary embodiments the
heat exchanger 100 may be a cross flow heat exchanger, but other types of heat
exchangers can be used, especially counter flow heat exchangers and others. A
series of electronic components 105 may also be affixed within the electronics
cavity 16. As will be explained in greater detail in subsequent figures, open loop
fluid 400, such as an external air, may circulate through the heat exchanger 100.
Closed loop fluid, such as a circulating gas 700 may circulate through the
electronics cavity, as well as over and through electronic components 105, and
through heat exchanger 100.

[0058] As will be explained in greater detail in subsequent figures, in this
embodiment open loop fluid 400 may exhaust the assembly 5 via gap 45 and
optional rear gap 44. As indicated by the flow lines, open loop fluid may follow a
zigzag path from a right side channel 19, out of the assembly 5. Alternatively,
other route shapes may be utilized and are expressly contemplated.

[0059] When using a liquid crystal display as the electronic display 70, a backlight
106 may be placed behind the electronic display 70 and is preferably a direct lit
LED backlight, but other illumination sources can be used with the exemplary
embodiments. A plate 104 or other substantially planar object may be placed
behind the backlight 106 in order to create a channel 102 for accepting open loop
fluid 400. Preferably, the channel 102 is sealed to prevent open loop fluid 400
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from entering other portions of the display assembly, specifically the electronics
compartment 16.

[0060] FIGURE 9 and FIGURE 10 illustrate the upper half of assembly 5 and free
standing display housing 15, which are similar to the lower half as shown in FIG.
7 and FIG. 8, respectively, with the exception of a pair of optional stiffeners 110.
The optional stiffeners 110 will be explained in greater detail in subsequent
figures. As will be explained in greater detail in subsequent figures, in this
embodiment open loop fluid 400 may enter the assembly 5 via gap 45 and optional
rear gap 44. As indicated by the flow lines, open loop fluid 400 may follow a
zigzag path to the right side channel 19. Alternatively, other route shapes may be
utilized and are expressly contemplated.

[0061] FIGURE 11 is a front plan view of the assembly of FIG. 1 and indicates
section lines F-F, G-G, and H-H.

[0062] FIGURE 12A and FIGURE 12B illustrates, as will be explained in greater
detail in subsequent figures, a pair of channel septums 130 and a central septum
140 are preferably positioned substantially horizontally and near the vertical
centerline of the assembly 5, although embodiments could also place them near
the top or bottom of the assembly 5, away from the vertical centerline.

[0063] In this embodiment, Figure 12A shows the area of the gap 45 (and optional
rear gap 44) that is designated as the intake of the open loop fluid 400.

[0064] Also shown in these figures, as well as Figure 12C is the fan 81, which is
positioned to cause the flow of open loop fluid 400 into the portion of gap 45 (and
optional rear gap 44) that is generally used as in intake for ambient air (filtered or
unfiltered), down the left side interior channel 21 (intake channel), across/through
channel 102, down the right side interior channel 22, and exhausting out of the
portion of the gap 45 (and optional rear gap 44) that is used as an exhaust for the
fluid 400. It should be noted that the left and right side interior channels 21 and
22 are optional as an alternative embodiment would include the following path for
open loop fluid 400: into the portion of gap 45 (and optional rear gap 44) that is
generally used as in intake for ambient air (filtered or unfiltered), across/through
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channel 102, and exhausting out of the portion of the gap 45 (and optional rear
gap 44) that is used as an exhaust for the fluid 400.

[0065] FIGURE 12C is a top sectional view taken along section line H-H of FIG.
11 and indicates Detail R. In this embodiment, this figure shows the area of the
gap 45 (and optional rear gap 44) that is designated as the exhaust of the open
loop fluid 400.

[0066] FIGURE 13A illustrates the ingestion of open loop fluid 400 via rear gap 44.
The open loop fluid 400 may pass through an optional door stiffener 115 via
aperture 122.

[0067] FIGURE 13B illustrates an exemplary embodiment of the assembly within
the region of the optional buffer zone 46. In this embodiment, buffer zone 46 may
comprise essentially an area at, near, or within the gap 45 (and optional rear gap
44) that contains one or more fluid-blocking plugs which are placed along the path
of open loop fluid 400 so that it may not pass through in any substantial amount.
In exemplary embodiments, the buffer zone 46 would contain the channel
septums 130 along with the central septum 140, but some embodiments would
utilize only the channel septum 130 (if the embodiment does not permit fluid 400
to flow through the door stiffeners). In some embodiments, rather than placing
the channel septums 130 within the right and left side channels 18 and 19, the
buffer zone 46 may contain a plug that is positioned near or at the end of the gap
44. Generally speaking, the buffer zone is horizontal and is placed near the
vertical centerline of the assembly 5, although it could be placed near the top or
bottom of the assembly 5.

[0068] It is notable that the buffer zone 46 should exist on both lateral sides of the
assembly 5, as well as both on the front and rear of the assembly 5 (if using the
rear gap 44) such that the buffer zone 46 blocks a portion of the front gap 45 (and
the rear gap 44) on both the right and left sides of the assembly 5.

[0069] FIGURE 13C illustrates the exhaustion of open loop fluid 400 via rear gap
44. The open loop fluid 400 may pass through a door stiffener 115 via aperture
122.
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[0070] It should be noted that although Figures 13A-13C illustrate the rear gap 44,
in an exemplary embodiment the front gap 45 has a similar orientation as to the
rear gap 44. It has not been shown here as it would be substantially duplicative.
[0071] FIGURE 14 illustrates the combined areas of the gap 45 and the rear gap
44, as indicated by the cross hatched area. In exemplary embodiments, outside
of the buffer zone 46, the cross hatched area allows the flow of open loop fluid
400 either into or out of the gap 45 (and the optional rear gap 44).

[0072] FIGURE 15 illustrates the assembly 5 in isolation from the free standing
display housing 15. A door stiffener 120 may be affixed immediately behind the
front panel 10. In some embodiments, the door stiffener 120 may be affixed to a
rear surface of the front panel 10. The door stiffener 120 may run substantially
the perimeter of the front panel 10. The door stiffener 120 may be comprised of
a metallic or other material suitably rigid to provide structural rigidity and strength
to the assembly 5. The door stiffener 120 may comprise a series of apertures 125
that permit the flow of open loop fluid 400. The illustrated door stiffener apertures
125 are merely exemplary. Any number and shape of apertures 125 are
contemplated.

[0073] FIGURE 16 illustrates the rear panel 60 in isolation. In exemplary
embodiments, rear door stiffeners 115 may be affixed around the perimeter edges
of the rear panel 60, thereby framing rear panel 60. A door cavity 17 may be
defined by the space between the rear panel 60, the interior surfaces of rear door
stiffeners 115, and the interior rear panel 80 (not shown in the current figure).
Open loop fluid 400 ingested via the rear gap 44 may be considered open loop
fluid 400b once it travels through the rear door stiffeners 115 via apertures 122
into the door cavity 17. The illustrated apertures 122 are merely exemplary, any
number and shape of apertures is contemplated. Optional stiffeners 110 in the
form of elongate members may extend substantially the length of the rear panel
60. The optional stiffeners 110 may be comprised of a metal, a polymer, or other
material suitably rigid to provide structural rigidity and strength to the rear panel
60. The optional stiffeners 110 may comprise a series of apertures 135 that
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facilitate open loop fluid 400b to flow through the optional stiffeners 110. The
illustrated optional stiffeners 110 and the apertures 135 are merely exemplary,
any number and shape of the optional stiffeners 110 and the apertures 135 is
contemplated.

[0074] The portion of the open loop fluid 400 traveling in the door cavity 17 is
referred to as open loop fluid 400b. As shown, open loop fluid 400b may pass
behind the interior panel 80 and be ingested via the intake apertures 75 in order
to be directed towards the channel 102. In an exemplary embodiment, the fluid
400b would flow through intake apertures 75 and be directed into left side channel
18, which distributes the fluid 400b across the channel 102, and exhausted out of
right side channel 19.

[0075] FIGURE 17 illustrates, via flow lines, the circulation of open loop fluid 400a
through the front and rear of assembly 5. Open loop fluid may be ingested via the
gap 45, travel through the door stiffener 120 via the apertures 125 and travel
vertically through the right side channel 19 sometimes defined in part by the right
side interior channel 22 and side beam 90. Similarly, the open loop fluid 400a may
be ingested via the rear gap 44, travel through the door stiffener 115 via the
apertures 122, through optional stiffeners 110 via aperture 135, and enter the right
side channel 19. On the opposite side of the assembly 5, a similar route may be
taken whereby the open loop fluid ultimately enters a left side channel 18
sometimes defined in part by the left side interior channel 21 and post 20.

[0076] A substantially identical flow path in reverse may be taken for exhaustion
of the open loop fluid at on the opposite end of the assembly 5. Again, in
exemplary embodiments, ingestion takes place in the upper half or assembly 5
and exhaustion takes place in the lower half of assembly 5. In other embodiments,
ingestion takes place in the lower half and exhaustion in the upper half of the
assembly 5. In still other embodiments, ingestion may take place on the right side
while exhaustion takes place on the left side with the buffer zone 46 placed at the
top and bottom edges of the assembly to prevent cross inhalation of the two flow
paths.
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[0077] FIGURE 18 illustrates an exemplary flow path for the open loop fluid 400
after being ingested via the gap 45 and the rear gap 44. The open loop fluid 400
which is ingested via the rear gap 44 may travel along the door cavity 17 between
the optional door stiffeners 110 and can be referred to as the open loop fluid 400b.
The open loop fluid 400b may then travel vertically along the rear interior panel
80 and be ingested via the rear intake apertures 75. Other portion of open loop
fluid 400 may travel along the left side channel 18 and the right side channel 19
and be referred to as the open loop fluid 400a. After traveling vertically through
the side channels 18 and 19, the open loop fluid 400a may travel over the top of
said channels and be ingested via the intake apertures 75. Similarly, the open
loop fluid 400 may be ingested via the gap 45, travel through the door stiffener
apertures 125 below front panel 10, and be ingested via the intake apertures 65.
[0078] FIGURE 19A illustrates a rear perspective view of the assembly of FIG. 1
shown in isolation from the free standing display 15 and indicating Detail S.
[0079] FIGURE 19B illustrates a front perspective view of the assembly of FIG. 1
shown in isolation from the free standing display 15 and indicating Detail T.
[0080] FIGURE 20 illustrates that the portion of open loop fluid 400 traveling in the
right side channel 19 is referred to as open loop fluid 400a. The open loop fluid
400a may travel inside the right side channel 19, over the top of the right side
interior channel 22, and into the intakes apertures 75.

[0081] FIGURE 21, similar to FIG. 20 but shown from a front perspective,
illustrates that the portion of open loop fluid 400 traveling in the left side channel
18 is referred to as open loop fluid 400a. The open loop fluid 400a may travel
inside the left side channel 18, over the top of the left side interior channel 21, and
into the intakes apertures 65.

[0082] FIGURE 22 is bottom perspective section view taken along section line B-
B of FIG. 4. Once the open loop fluid 400a/400b is ingested via the various intake
apertures 75 and 65, it is combined and then apportioned between a first portion
of open loop fluid 400 which travels through the open loop gas pathways of the
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heat exchanger 100, and a second portion of open loop fluid 400 which is directed
through the channel 102.

[0083] One or more circulating fans 32 are used to force circulating gas 700 across
the electronic components and through the closed loop gas pathways of the heat
exchanger 100, as well as between the electronic display 70 and the front panel
10, forming a closed loop. In this embodiment, the circulating gas 700 passes
through the opening within the pass through gasket 200 while the open loop fluid
400 travels around the pass through gasket, substantially ensuring that the open
loop fluid 400 and circulating gas 700 do not mix. This design can be flipped
however, where , the circulating gas 700 travels around the pass through gasket
200 while the external air 400 travels through the pass through gasket 200.
[0084] A portion of the flow of open loop fluid 400 is shown traversing the left side
interior channel 21 and passing by the cross through gasket 200 in order to enter
the channel 102 that runs behind the electronic display 70 (here behind the
backlight 106). The channel102 is preferably defined as the space between the
rear surface of the electronic display 70 (here behind the backlight 106) and a
plate 104. A preferably corrugated and preferably continuous heat sink is ideally
placed within the channel in order to facilitate the conductive transfer of heat from
the electronic display 101 to the continuous heat sink, to be removed by
convection with the open loop fluid 400.

[0085] The heat exchanger 100 preferably contains a plurality of layers that define
channels that contains either circulating gas 700 or open loop fluid 400.
Preferably, the circulating gas 700 is not permitted to mix with the open loop fluid
400.

[0086] The flow of open loop fluid 400 travels through the channel 102 and again
passes around the pass through gasket 200 to enter the left side interior channel
22, eventually being directed out of the portions of the gap 45 (and the optional
rear gap 44) which have been designated for exhaustion of the fluid 400. In this
embodiment, the circulating gas 700 is shown exiting the heat exchanger 100 and
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passing through the opening within the pass through gasket 200 and then
between the electronic display 70 and the front panel 10.

[0087] In a preferred embodiment, the heat exchanger 100 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 100 may be a
cross-flow, parallel flow, or counter-flow heat exchanger. In an exemplary
embodiment, the heat exchanger 100 would be comprised of a plurality of stacked
layers of thin plates. The plates may have a corrugated, honeycomb, or tubular
design, where a plurality of channels/pathways/tubes travel down the plate length-
wise. The plates may be stacked such that the directions of the pathways are
alternated with each adjacent plate, so that each plate’s pathways are
substantially perpendicular to the pathways of the adjacent plates. Thus, external
air or circulating gas may enter an exemplary heat exchanger only through plates
whose channels or pathways travel parallel to the path of the gas. Because the
plates are alternated, the circulating gas and open loop fluid 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).

[0088] In an alternative design for a heat exchanger, an open channel may be
placed in between a pair of corrugated, honeycomb, or tubular plates. The open
channel may travel in a direction which is perpendicular to the pathways of the
adjacent plates. This open channel may be created by running two strips of
material or tape (esp. very high bond (VHB) tape) between two opposite edges of
the plates in a direction that is perpendicular to the direction of the pathways in
the adjacent plates. Thus, gas entering the heat exchanger in a first direction may
travel through the open channel (parallel to the strips or tape). Gas which is
entering in a second direction (substantially perpendicular to the first direction)
would travel through the pathways of the adjacent plates).

[0089] 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.
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As the second gas flows over the tubes containing the first gas, heat is exchanged
between the two gases. Obviously, there are many types of cross-flow heat
exchangers and any type would work with the embodiments herein.

[0090] An exemplary heat exchanger may have plates where the sidewalls have
a relatively low thermal resistance so that heat can easily be exchanged between
the two gases. A number of materials can be used to create the heat exchanger.
Preferably, the material used should be corrosion resistant, rot resistant, light
weight, and inexpensive. Metals are typically used for heat exchangers because
of their high thermal conductivity and would work with these embodiments.
However, it has been discovered that plastics and composites can also satisfy the
thermal conditions for electronic displays. An exemplary embodiment would
utilize polypropylene as the material for constructing the plates for the heat
exchanger. It has been found that although polypropylene may seem like a poor
thermal conductor, the large amount of surface area relative to a small sidewall
thickness, results in an overall thermal resistance that is low. Thus, an exemplary
heat exchanger would be made of plastic and would thus produce a display
assembly that is thin and lightweight. Specifically, corrugated plastic may be used
for each plate layer where they are stacked together in alternating fashion (i.e.
each adjacent plate has channels which travel in a direction perpendicular to the
surrounding plates).

[0091] In an exemplary embodiment, the electronic display 70 would be a direct
LED backlit LCD where the LED backlight would contain a plurality of LEDs
mounted on a thermally conductive substrate (preferably a metal core PCB). The
rear surface of the LED backlight would preferably contain a thermally conductive
plate which may be in conductive thermal communication with the channel 102.
[0092] The circulating gas 700 and open loop fluid 400 can be any number of
gaseous matters. In some embodiments, air may be used as the gas for all.
Preferably, because the circulating gas 700 travels in front of the electronic display
70 it should be substantially clear, so that it will not affect the appearance of the
image to a viewer. The circulating gas 700 should also preferably be substantially
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free of contaminates and/or particulate (ex. dust, dirt, pollen, water vapor, smoke,
etc.) in order to prevent an adverse effect on the image quality and/or damage to
the internal electronic components. Generally speaking, exemplary embodiments
would utilize ambient air as the open loop fluid 400.

[0093] The cooling system may run continuously. However, if desired,
temperature sensing devices may be incorporated within the electronic display to
detect when temperatures have reached a predetermined threshold value. In
such a case, the various cooling fans may be selectively engaged when the
temperature in the display reaches a predetermined value. Predetermined
thresholds may be selected and the system may be configured to advantageously
keep the display within an acceptable temperature range. Typical thermostat
assemblies can be used to accomplish this task. Thermocouples may be used as
the temperature sensing devices.

[0094] FIGURES 23 through 25 illustrate a central septum 140 which is preferably
positioned substantially horizontally and near the vertical centerline of the
assembly 5, although embodiments could also place them near the top or bottom
of the assembly 5, away from the vertical centerline that extends along
substantially the midline of the front surface of the rear panel 60. A right channel
septum 130 extends substantially along the midline of the right side interior edge
of the free standing display housing 15 such that it is generally aligned with the
central septum 140. Similarly, a left channel septum 130 may be affixed on the
left side interior edge of the assembly 5 such that it is aligned with the central
septum 140.

[0095] The central septum 140, the right channel septum 130, and the left channel
septum 130 (hereinafter collectively the “horizontal partition”) may be configured
to substantially divide the door cavity 17 into an upper and lower half. The
horizontal partition may be configured such that it creates a substantially air-tight
seal between the upper and lower halves of the door cavity 17. Optionally, the
horizontal partition may further comprise an expandable material, such as
polyurethane foam, utilized in conjunction with the horizontal partition to provide
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the airtight seal between the upper and lower halves. In exemplary embodiments
the central septum 140 may be comprised of a sufficiently flexible material, such
as a polymer, to create an airtight seal in the door cavity 17. In alternate
embodiments, the central septum 140 may be comprised of a rigid material. In
exemplary embodiments, the right channel septum 130 and the left channel
septum 130 may be rigid.

[0096] In an exemplary embodiment, the open loop fluid 400 may be ingested via
the gap 45 (and optional rear gap 44) in the upper half of the assembly 5. Said
open loop fluid 400a may travel along the right side channel 19 until a portion of
said fluid reaches the right channel septum 130 and is prevented from traveling
beyond. Similarly, the open loop fluid 400a may travel along the left side channel
18 until a portion of said fluid reaches the left side channel septum 130. Said
portions of the open loop fluid may be forced to return vertically in the opposite
direction and circulate through the upper half of right side channel 19 and the left
side channel 18, respectively, until eventually being ingested via the intake
apertures 65 and 75, as discussed in the previous figures.

[0097] In a similar fashion, open loop fluid 400b which travels along the door cavity
17 may travel vertically until a portion of said fluid 400b reaches central septum
140 and is prevented from traveling beyond. In this way, fluid 400b which has
been ingested (but has not traveled through the heat exchanger 100 or the
channel 102) cannot mix with the fluid 400b which has travelled through the heat
exchanger 100 or the channel 102 and needs to be exhausted out of the gap 45
(and optional rear gap 44).

[0098] As also discussed in the previous figures, the open loop fluid 400 may
circulate through the optional heat exchanger 100 until eventually being
exhausted via the exhaust apertures 85. The open loop fluid 400 may then
eventually return to the right side channel 19 or the left side channel 18 and travel
vertically therein. The right channel septum 130 and the left channel septum 130,
respectively, may prevent said open loop fluid from traveling beyond the midline
of assembly 5 and thereby prevent the open loop fluid from each half of the
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assembly 5 from becoming mixed. That is, open loop fluid not yet ingested via
the intake apertures 65 and 75 may not be mixed with open loop fluid already
ingested via said intake apertures 65 and 75. The open loop fluid encountering
the right side septum 130 and the left side septum 130, respectively, may be
forced to return vertically in the opposite direction until eventually being exhausted
from the assembly 5 via the gap 45 (and optional rear gap 44).

[0099] FIGURE 26A and FIGURE 26B illustrate exemplary embodiments of the
channel septums 130. In such embodiments, a portion of the channel septums
141 may be adjustable such that (if desired) a portion of the open loop fluid 400a
may be permitted to pass by the channel septums 130, thereby permitting a limited
amount of mixing between the ingestion and exhaustion open loop fluids. In such
embodiments, a second portion of the channel septums 142 may be static, such
that they may not be adjusted and provide a substantially air-tight seal such that
ingestion and exhaustion open loop fluids may not be mixed. In other
embodiments, the entirety of the channel septums 130 may be adjustable. In still
other embodiments, the entirety of the channel septums 130 may be static.
[00100] It is to be understood that the spirit and scope of the disclosed
embodiments provides for the cooling of many types of displays. By way of
example and not by way of limitation, embodiments may be used in conjunction
with any of the following electronic image assemblies: LCD (all types), light
emitting diode (LED), organic light emitting diode (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, flat 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 herein are well suited for

outdoor environments, they may also be appropriate for indoor applications (e.g.,
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factory/industrial environments, spas, locker rooms) where thermal stability of the
display may be at risk.

[00101] As is well known in the art, electronic displays can be oriented in a portrait
manner or landscape manner and either can be used with the embodiments
herein.

[00102] It should also be noted that the variety of 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 open 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.

[00103] Having shown and described a preferred embodiment of the invention,
those skilled in the art will realize that many variations and modifications may be
made to affect the described invention and still be within the scope of the claimed
invention. Additionally, many of the elements indicated above may be altered or
replaced by different elements which will provide the same result and fall within
the spirit of the claimed invention. It is the intention, therefore, to limit the invention
only as indicated by the scope of the claims.
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CLAIMS
We claim:
1. An electronic display assembly comprising:
an electronic display;
a housing and front panel which surround the electronic display;
an ingestion gap positioned along a portion of a perimeter of the front panel;
an exhaustion gap positioned along a portion of a perimeter of the front
panel;
a channel positioned behind the electronic display;
a first gaseous pathway for open loop fluid to travel from the ingestion gap
to the channel;
a second gaseous pathway for open loop fluid to travel from the channel to
the exhaustion gap; and

a fan positioned to cause the flow of the open loop fluid.

2. The electronic display assembly of claim 1 further comprising:

a buffer zone positioned between the ingestion gap and the exhaustion gap.

3. The electronic display assembly of claim 1 wherein:

the ingestion gap permits the ingestion of ambient air into the housing

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

a central septum placed within the buffer zone.

5. The electronic display assembly of claim 1 further comprising:
a first side channel positioned vertically and forming at least a portion of
the first gaseous pathway; and
a second side channel positioned vertically and forming at least a portion
of the second gaseous pathway.
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6. The electronic display assembly of claim 5 further comprising:
a channel septum placed within the first side channel.

7. The electronic display assembly of claim 6 wherein:
the channel septum substantially prevents the vertical flow of open loop
fluid.

8. The electronic display assembly of claim 1 wherein:
the ingestion gap and the exhaustion gap face an intended observer of the
electronic display.

9. An electronic display assembly comprising:

an electronic display;

a housing surrounding the electronic display;

an ingestion gap on the housing positioned to face an intended observer of
the electronic display;

an exhaustion gap on the housing positioned to face an intended observer
of the electronic display;

a channel positioned behind the electronic display;

a first side channel positioned vertically and permitting gaseous
communication between the ingestion gap and the channel; and

a second side channel positioned vertically and permitting gaseous
communication between the channel and the exhaustion gap; and

a fan positioned to cause open loop fluid to flow into the ingestion gap,
through the first side channel, through the channel, through the
second side channel, and exhausting out of the exhaustion gap.

10. The electronic display assembly of claim 9 further comprising:
a channel septum placed within the first side channel.
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11. The electronic display assembly of claim 9 further comprising:
a buffer zone positioned between the ingestion gap and the exhaustion gap.

12. The electronic display assembly of claim 11 further comprising:

a central septum placed at the same vertical height as the buffer zone.

13. The electronic display assembly of claim 9 further comprising:
a heat exchanger having a first pathway for open loop fluid and a second
pathway for circulating gas; and
a circulating fan positioned to force circulating gas through the heat
exchanger.

14. The electronic display assembly of claim 9 wherein:
the channel is defined by the space between an LED backlight and a
plate.

15. The electronic display assembly of claim 9 wherein:
the ingestion gap is positioned on a first vertical half of the assembly,
while the exhaustion gap is positioned on the opposing vertical half
of the assembly.

16. The electronic display assembly of claim 9 further comprising:
a door cavity behind the electronic display which accepts open loop fluid
from the first side channel and directs it towards the channel behind
the electronic display.

17. An electronic display assembly comprising:
an electronic display;
a housing and front panel which surround the electronic display;
an ingestion gap positioned above the vertical center of the electronic
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display and located between the front panel and the housing;

an exhaustion gap positioned below the vertical center of the electronic
display and located between the front panel and the housing;

a heat exchanger having a first pathway for open loop fluid and a second
pathway for circulating gas;

a circulating fan positioned to force circulating gas through the heat
exchanger;

a central septum placed between the ingestion gap and the exhaustion gap
and near the vertical center of the electronic display; and

a fan positioned to cause the flow of open loop fluid into the ingestion gap,
through the heat exchanger, and out of the exhaustion gap.

18. The electronic display assembly of claim 17 further comprising:

a first side channel positioned vertically and permitting gaseous
communication between the ingestion gap and the heat exchanger;
and

a second side channel positioned vertically and permitting gaseous

communication between the heat exchanger and the exhaustion

gap.

19. The electronic display assembly of claim 18 further comprising:
a first side channel septum placed within the first side channel; and

a second side channel septum placed within the second side channel

20. The electronic display assembly of claim 19 wherein:
the first and second side channel septums substantially block the vertical
flow of open loop fluid.
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SYSTEM FOR COOLING AN ELECTRONIC IMAGE ASSEMBLY

Inventors: Tim Hubbard and William Dunn
Technical 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 electronic displays now allow them to be used in outdoor
environments for informational, advertising, or entertainment purposes. While displays
of the past were primarily designed for operation near room temperature, it is now
desirable to have displays which are capable of withstanding large surrounding
environmental temperature variations. For example, some displays are capable of
operating at temperatures as low as -22F and as high as 113 F or higher. When
surrounding temperatures rise, the cooling of the internal display components can
become even more difficult.

[0003] Additionally, modern displays have become extremely bright, with some
backlights producing 1,000-2,000 nits or more. Sometimes, these illumination levels
are necessary because the display is being used outdoors, or in other relatively bright
areas where the display illumination must compete with other ambient light. In order to
produce this level of brightness, illumination devices and electronic displays may
produce a relatively large amount of heat.

[0004] Still 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.

[0005] Exemplary modern displays have found some effective means for cooling the
displays including circulating a closed loop of gas around the display and drawing
ambient gas through the display so that the closed loop of gas may be cooled (as well
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as portions of the electronic display). Various thermal communications have been
discovered which can transfer heat away from the sensitive electronic components and
out of the display. Heat exchangers were found to produce an excellent means for
transferring heat between the closed loop of gas and the ambient gas. However,
previous designs for moving the gas through the display have been found to generate
an undesirable amount of noise emission from the display as well as thermal gradients
where portions of the display were cooled but others remained warm.

[0006] When using LCD displays, it was found that backlights were often a source of
heat and it was desirable to move 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] Exemplary embodiments use a combination of circulating gas and ambient gas
in order to adequately cool an electronic display. Circulating gas may be used to
remove heat from the front of the image assembly. 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.

[0008] Ambient gas may be ingested into the display in order to cool the circulating
gas. The ambient gas and the circulating gas may be drawn through a heat exchanger
which will allow the heat to transfer from the circulating gas to the ambient gas,
preferably without letting the ambient and circulating gases mix with one another. An
exemplary embodiment would use a cross-flow heat exchanger. An additional flow of
ambient gas can be drawn across the rear surface of the image assembly to remove
heat from the rear portion of the image assembly. When using a LCD as the electronic
image assembly, this additional flow of ambient gas can be used to remove heat from
the rear portion of the backlight for the LCD.

[0009] In order to reduce noise emissions, the fans which drive the ambient and/or
circulating gas through the heat exchanger may be placed within the heat exchanger,
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which can then act as a muffler and reduce the noise emitted by the fans. Further, if
using the additional ambient gas pathway behind the image assembly, a manifold may
be used to collect the ambient gas along an edge of the display and distribute this into a
number of smaller flows. The fans for driving this additional ambient gas pathway can
be placed within the manifold in order to reduce the noise emitted by the fans and
provide an even distribution of ambient gas across the display.

[0010] It has been found that ingesting ambient gas from the top or bottom edge of
the display is preferable as these edges are not typically observable to the viewer.
However, when ingesting ambient gas from the top or bottom of a portrait-oriented
display, it has been found that as the cool ambient gas travels across the rear portion of
the electronic image assembly and accepts heat it increases in temperature. Once the
cooling air reaches the opposite edge (either top or bottom), it may have increased in
temperature substantially and may no longer provide adequate cooling to the opposing
portion of the display. Thus, the manifolds herein allow for cool ambient air to
adequately cool the entire electronic image assembly in an even manner and reduce
any ‘hot spots’ within the electronic image assembly.

[0011] 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

[0012] 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:

[0013] FIGURE 1A provides a front perspective view of an exemplary embodiment of
the electronic display.

[0014] FIGURE 1B provides a rear perspective view of an exemplary embodiment of
the electronic display.

[0015] FIGURE 2 provides a rear perspective view similar to that shown in Figure 1B

where the rear cover has been removed.
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[0016] FIGURE 3 provides a perspective sectional view along the A-A section line
shown in Figure 1B.

[0017] FIGURE 4 provides a perspective sectional view along the B-B section line
shown in Figure 1B.

[0018] FIGURE 5 provides a perspective sectional view of insert C shown in Figure 4.
[0019] FIGURE 6 provides a perspective sectional view of one embodiment of the
cross through plate.

[0020] FIGURE 7 provides an exploded perspective view of one exemplary
embodiment of the heat exchanger and fan assembly.

[0021] FIGURE 8 provides a perspective sectional view of another embodiment which
uses a flow of circulating gas through the backlight cavity of a liquid crystal display
(LCD).

[0022] 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.

Detailed Description

[0023] The invention is described more fully hereinafter with reference to the
accompanying drawings, in which exemplary embodiments of the invention are shown.
This invention may, however, be embodied in many different forms and should not be
construed as limited to the exemplary embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and
will fully convey the scope of the invention to those skilled in the art. In the drawings,
the size and relative sizes of layers and regions may be exaggerated for clarity.

[0024] It will be understood that when an element or layer is referred to as being "on"
another element or layer, the element or layer can be directly on another element or
layer or intervening elements or layers. In contrast, when an element is referred to as
being "directly on" another element or layer, there are no intervening elements or layers
present. Like numbers refer to like elements throughout. As used herein, the term
"and/or" includes any and all combinations of one or more of the associated listed

items.
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[0025] It will be understood that, although the terms first, second, third, etc., may be
used herein to describe various elements, components, regions, layers and/or sections,
these elements, components, regions, layers and/or sections should not be limited by
these terms. These terms are only used to distinguish one element, component, region,
layer or section from another region, layer or section. Thus, a first element, component,
region, layer or section discussed below could be termed a second element,
component, region, layer or section without departing from the teachings of the present
invention.

[0026] Spatially relative terms, such as "lower", "upper" and the like, may be used
herein for ease of description to describe the relationship of one element or feature to
another element(s) or feature(s) as illustrated in the figures. It will be understood that
the spatially relative terms are intended to encompass different orientations of the
device in use or operation, in addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements described as "lower"
relative to other elements or features would then be oriented "upper" relative the other
elements or features. Thus, the exemplary term "lower" can encompass both an
orientation of above and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative descriptors used herein
interpreted accordingly.

[0027] 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.

[0028] Embodiments of the invention are described herein with reference to cross-
section illustrations that are schematic illustrations of idealized embodiments (and
intermediate structures) of the invention. As such, variations from the shapes of the

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

[0029] For example, an implanted region illustrated as a rectangle will, typically, have
rounded or curved features and/or a gradient of implant concentration at its edges
rather than a binary change from implanted to non-implanted region. Likewise, a buried
region formed by implantation may result in some implantation in the region between
the buried region and the surface through which the implantation takes place. Thus, the
regions illustrated in the figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device and are not intended to
limit the scope of the invention.

[0030] 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.

[0031] FIGURE 1A provides a front perspective view of an exemplary embodiment of
the electronic display 100. A transparent front plate 10 is placed on the front portion of
the display to protect the internal components and allow the images produced by the
display 100 to be seen. Some embodiments may use glass as the transparent front
plate 10. Exemplary embodiments may use two pieces of glass laminated with index-
matching optical adhesive. Some front plates 10 may provide other utility such as anti-
reflection or polarizing functions. An inlet aperture 24 and exit aperture 25 may be
provided in the housing so that the display 100 can accept ambient gas for cooling the
display 100.

[0032] 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 display 100.
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[0033] 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 exit the
display through the exit aperture 25. The ambient gas 200 may be drawn into the
display and forced through the heat exchanger 45 using heat exchanger fan assembly
46. An exemplary placement for the heat exchanger fan assembly 46 is discussed
further below, but in many embodiments the fan assembly 46 can be placed near the
inlet aperture 24 and/or exit aperture 25 and may or may not be placed within the heat
exchanger 45 (as shown in Figure 2).

[0034] Optionally, ambient gas 210 may also be ingested into the display through inlet
aperture 24 (or a separate inlet aperture). Ambient gas 210 may then be directed
through a first manifold 30 which travels along the edge of the display. The first
manifold 30 accepts the single larger inlet flow of ambient gas 210 and distributes it into
a plurality of smaller flows (channels 60) across the display. A second manifold 35 may
be placed along the opposite edge of the display as the first manifold 30. The second
manifold 35 accepts the plurality of smaller flows (channels 60) and combines them into
a single flow and exhausts it out of the exit aperture 25 (or a separate exit aperture). In
this embodiment, a manifold fan assembly 211 is used to draw the ambient gas 210
into the inlet aperture 24 and force the ambient gas 210 across the display. For this
particular embodiment, the manifold fan assembly 211 is placed within the first manifold
30 and is used to draw the ambient gas 210 into the display as well as distribute the
single flow into a plurality of smaller flows (channels 60). 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.

[0035] The first and second manifolds 30 and 35 may be placed along any opposing
edges of the display. However, it is preferable that the first and second manifolds 30
and 35 are placed along the vertical edges of the display with the channels 60 travelling
horizontally. Other embodiments may place the first and second manifolds 30 and 35
along the horizontal edges of the display with the channels 60 travelling vertically.
[0036] While both flows of ambient gas may be used in an exemplary embodiment,
there is no requirement that they are both used. Some embodiments may use only
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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.

[0037] 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. Obviously, the
inlet aperture 24 may contain a filter or other coverings so that contaminates, insects,
garbage, and/or water/fluids cannot easily be ingested into the display. However, an
exemplary embodiment would not be damaged if the ambient gas 200 contained
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.

[0038] An electronic image assembly 50 may be placed behind the front plate 10. A
plurality of channels 60 may be placed behind the electronic image assembly 50.
Ambient gas 210 may be forced through the channels 60 after travelling through the
first manifold 30 (not shown here). The flow of ambient gas 210 behind the electronic
image assembly 50 may be used to remove any buildup of heat from the rear portion of
the electronic image assembly 50. It may be preferable to have a thermally conductive
surface/plate on the rear portion of the electronic image assembly 50 so that heat can
easily transfer to this surface/plate and be removed by the ambient gas 210.

[0039] The channels 60 can take on any number of forms. Although shown in this
embodiment with a square cross-section this is not required. Other embodiments may
contain channels 60 with |-beam cross-sections, hollow square cross-sections, hollow
rectangular cross-section, solid rectangular or solid square cross-sections, ‘T’ cross-
sections, ‘Z’ cross-sections, a honeycomb cross-section, or any combination or mixture
of these. The channels 60 are preferably thermally conductive and also preferably in
thermal communication with the electronic image assembly 50. Thus, in a preferred
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embodiment, heat which accumulates on the rear portion of the electronic image
assembly 50 may be transferred throughout the channels 60 and removed by ambient
gas 210. Preferably, the channels 60 are metallic and even more preferably aluminum.
Further, in an exemplary embodiment the channels 60 are in conductive thermal
communication with the electronic image assembly 50.

[0040] 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 transferred from the circulating gas 250 to the
ambient gas 200. Upon exiting the heat exchanger 45, the circulating gas 250 may be
re-directed into the front channel 251. In this way, the heat exchanger 45 and the front
channel 251 are placed in gaseous communication with each other.

[0041] 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.

[0042] Also shown in this sectional view is the path of the ambient gas 210 travelling
down one of the channels 60 behind the electronic image assembly 50. In this
embodiment, the ambient gas 210 is forced out of the first manifold 30, across the
channels 60, and into the second manifold 35 by manifold fan assembly 211. In other
words, each channel 60 preferably has an inlet which is in gaseous communication with
the first manifold 30 as well as an exit which is in gaseous communication with the
second manifold 35. As shown in this Figure, the paths of the ambient gas 210 and the
circulating gas 250 may cross, but it is preferable to keep the two gases from mixing (as
the ambient gas 210 may contain particulate 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
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because it travels in front of the electronic image assembly 50. Thus, to keep the
image quality from being impaired, it may be desirable to keep the circulating gas 250
clean and prevent it from mixing with the ambient gas 210.

[0043] FIGURE 5 provides a perspective sectional view of insert C shown in Figure 4.
As noted above, if practicing an embodiment which uses ambient gas 210 as well as
the circulating gas 250, the pathways of the two gases may need to cross over one
another and it may be desirable to prohibit them from mixing to prevent contamination
of sensitive portions of the display. Here, cross through plate 500 allows the pathways
of the two gases to cross over one another without letting them mix together. The cross
through plate 500 in this embodiment contains a series of voids which pass through the
plate. A first series of voids 550 passes through the cross through plate 500 and allows
ambient gas 210 to travel from the first manifold 30 into the channels 60 which run
behind the electronic image assembly 50. A second series of voids 525 pass through
the cross through plate 500 in a direction substantially perpendicular to that of the first
series of voids 550. The second series of voids 525 allows the circulating gas to exit
the front channel 251, cross over the ambient gas 210, and continue towards the heat
exchanger 45. In this embodiment, a circulating gas fan assembly 255 is used to draw
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.

[0044] FIGURE 6 provides a perspective sectional view of one embodiment of the
cross through plate 500. In this embodiment, the cross through plate 500 is comprised
of a plurality of hollow blocks 503 sandwiched between a top plate 501 and bottom
plate 502 with sections of the plates 501 and 502 removed to correspond with the
hollow sections of the blocks 503. A portion of the top plate 501 has been removed to
show the detail of the hollow blocks 5083, first series of voids 550, and second series of
voids 525. The cross through plate 500 could take on any number of forms and could
be constructed in a number of ways. Some other embodiments may use a solid plate

where the first and second series of voids 550 and 525 are cut out of the solid plate.
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Other embodiments could use two sets of hollow blocks where the hollow sections are
perpendicular to each other and the blocks are fastened together. Still other
embodiments could use a design similar to those that are taught below for the heat
exchanger 45, for example any type of cross-flow heat exchanger design could be
used. Thus, an exemplary cross through plate 500 contains two gaseous pathways
where the two pathways do not allow the gaseous matter to mix. Here, the first gas
pathway would be 525 while the second gas pathway would be 550.

[0045] FIGURE 7 provides an exploded perspective view of one exemplary
embodiment of the heat exchanger 45 and fan assembly 46. In this view, the fan
assembly 46 is shown removed from its mounted position within the fan housing 51. In
this embodiment, the heat exchanger 45 is divided into two portions 47 and 48 where
the fan housing 51 is used to provide a gaseous communication between the two
portions 47 and 48. Here, the fan assembly 46 is placed between the two portions 47
and 48. While the fan assembly 46 can be placed anywhere so that it draws ambient
gas 200 through the heat exchanger 45, it has been found that placing the fan
assembly 46 between the two portions of the heat exchanger can provide a number of
benefits. First, the volumetric flow rate of the ambient gas 200 through the heat
exchanger is high, which results in better cooling capabilities for the heat exchanger 45.
Second, the noise produced by the fan assembly 46 can be reduced because the
surrounding portions 47 and 48 of the heat exchanger 45 essentially act as a muffler for
the fan assembly 46.

[0046] In this embodiment, portion 48 is thinner and longer than portion 47. This was
done in order to free up more space within the housing so that additional electronic
components could fit within the housing (adjacent to portion 48). As shown, the fan
housing 51 may be used to connect two portions of a heat exchanger which may be of
different lengths. As shown, portion 48 of the heat exchanger is thinner than the fan
housing 51. In an alternative embodiment, both portions 48 and 47 may be thinner than
the fan assembly 46 such that a fan housing 51 may be used to provide a sealed
gaseous communication between the two portions, even though they are both thinner
than the fan assembly 51. This design may be preferable when it is desirable to create

the largest possible heat exchanger 45 (for maximum cooling abilities) even though
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space is limited. This is of course not required, and other embodiments may have
portions which are of equal width and length. Also, although this embodiment uses the
fan assembly 46 to drive the ambient gas 200, other embodiments could use a fan
assembly placed within the heat exchanger to drive the circulating gas 250 instead and
drive the ambient gas 200 with another fan assembly (possibly placed within the heat
exchanger or located at the entrance/exit of the heat exchanger). Some exemplary
embodiments may place fans within the heat exchanger 45 to drive both the ambient
gas 200 and circulating gas 250.

[0047] The ambient gas 200 travels through a first pathway (or plurality of pathways)
of the heat exchanger 45 while the circulating gas 250 travels through a second
pathway (or plurality of pathways) of the heat exchanger 45. Although not required, it is
preferable that the circulating gas 250 and ambient gas 200 do not mix. This may
prevent any contaminates and/or particulate that is present within the ambient gas 200
from harming the interior of the display. In a preferred embodiment, the heat exchanger
45 would be a cross-flow heat exchanger. However, many types of heat exchangers
are known and can be used with any of the embodiments herein. The heat exchanger
45 may be a cross-flow, parallel flow, or counter-flow heat exchanger. In an exemplary
embodiment, the heat exchanger 45 would be comprised of a plurality of stacked layers
of thin plates. The plates may have a corrugated, honeycomb, or tubular design, where
a plurality of channels/pathways/tubes travel down the plate length-wise. The plates
may be stacked such that the directions of the pathways are alternated with each
adjacent plate, so that each plate’s pathways are substantially perpendicular to the
pathways of the adjacent plates. Thus, ambient gas or circulating gas may enter an
exemplary heat exchanger only through plates whose channels or pathways travel
parallel to the path of the gas. Because the plates are alternated, the circulating gas
and ambient gas may travel in plates which are adjacent to one another and heat may
be transferred between the two gases without mixing the gases themselves (if the heat
exchanger is adequately sealed, which is preferable but not required).

[0048] 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
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open channel may be created by running two strips of material or tape (esp. very high
bond (VHB) tape) between two opposite edges of the plates in a direction that is
perpendicular to the direction of the pathways in the adjacent plates. Thus, gas
entering the heat exchanger in a first direction may travel through the open channel
(parallel to the strips or tape). Gas which is entering in a second direction (substantially
perpendicular to the first direction) would travel through the pathways of the adjacent
plates).

[0049] Other types of cross-flow heat exchangers could include a plurality of tubes
which contain the first gas and travel perpendicular to the path of the second gas. As
the second gas flows over the tubes containing the first gas, heat is exchanged
between the two gases. Obviously, there are many types of cross-flow heat
exchangers and any type would work with the embodiments herein.

[0050] An exemplary heat exchanger may have plates where the sidewalls have a
relatively low thermal resistance so that heat can easily be exchanged between the two
gases. A number of materials can be used to create the heat exchanger. Preferably,
the material used should be corrosion resistant, rot resistant, light weight, and
inexpensive. Metals are typically used for heat exchangers because of their high
thermal conductivity and would work with these embodiments. However, it has been
discovered that plastics and composites can also satisfy the thermal conditions for
electronic displays. An exemplary embodiment would utilize polypropylene as the
material for constructing the plates for the heat exchanger. It has been found that
although polypropylene may seem like a poor thermal conductor, the large amount of
surface area relative to a small sidewall thickness, results in an overall thermal
resistance that is low. Thus, an exemplary heat exchanger would be made of plastic
and would thus produce a display assembly that is thin and lightweight. Specifically,
corrugated plastic may be used for each plate layer where they are stacked together in
alternating fashion (i.e. each adjacent plate has channels which travel in a direction
perpendicular to the surrounding plates).

[0051] 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
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as the electronic image assembly. A backlight wall 330 may enclose the area between
the LCD 300 and the backlight 320 in order to create a backlight cavity. Typically, the
backlight cavity is closed to prevent contaminates/particulate from entering the backlight
cavity and disrupting the optical/electrical functions of the backlight 320. However, as
discussed above the exemplary embodiments may use a clean gaseous matter for the
circulating gases which could now be used to ventilate the backlight cavity in order to
cool the backlight 320 and even the rear portion of the LCD 300. An opening 340 can
be placed in the backlight wall 330 to allow circulating gas 350 to flow through the
backlight cavity. A fan assembly 360 may be used to draw the circulating gas 350
through the backlight cavity. In an exemplary embodiment there would be an opening
on the opposing backlight wall (on the opposite side of the display as shown in this
figure) so that circulating gas 350 could easily flow through the backlight cavity. In this
way, the backlight cavity is placed in gaseous communication with the heat exchanger
45.

[0052] 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 through the front channel 251 (the area defined between the
LCD 300 and front plate 10). Circulating fan assembly 255 may be placed so that it can
draw circulating gas 350 through the backlight cavity as well as circulating gas 250
through the front channel 251. As discussed above, the circulating gases 250 and 350
are preferably forced through the heat exchanger 45 (not shown in this figure) so that
they may be cooled by the ambient gas 200 (also not shown in this figure). In this way,
both the front channel 251 and the backlight cavity are placed in gaseous
communication with the heat exchanger 45.

[0053] Also shown in Figure 9 is the optional additional flow of ambient gas 210
which may travel immediately behind the electronic image assembly (in this
embodiment backlight 320). Once travelling through the first manifold 30, the ambient
gas 210 may pass through the channels 60 in order to remove heat from the backlight
320 and even the channels 60 themselves (if they are thermally conductive). The
manifold fan assembly 211 may be used to draw the ambient gas 210 into the first

manifold 30 and through the channels 60. Again, the cross though plate 500 may be
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used to allow the circulating gases 350 and 250 to cross paths with the ambient gas
210 without letting the two gases mix.

[0054] In an exemplary embodiment, the backlight 320 would contain a plurality of
LEDs mounted on a thermally conductive substrate (preferably a metal core PCB). On
the surface of the thermally conductive substrate which faces the channels 60 there
may be a thermally conductive 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 and the thermal communication between the
channels 60 and the backlight 320 would be conductive thermal communication.

[0055] As noted above, many electronic image assemblies (especially LEDs, LCDs,
and OLEDs) may have performance properties which vary depending on temperature.
When ‘hot spots’ are present within an image assembly, these hot spots can result in
irregularities in the resulting image which might be visible to the end user. Thus, with
the embodiments described herein, the heat which may be generated by the image
assembly (sometimes containing a backlight assembly) can be distributed (somewhat
evenly) throughout the channels 60 and thermally-conductive surfaces to remove hot
spots and cool the backlight and/or electronic image assembly.

[0056] The circulating gases 250 and 350, ambient gas 200, and optional ambient
gas 210 can be any number of gaseous matters. In some embodiments, air may be
used as the gas for all. As well known by those of ordinary skill in the art, air typically
contains some amount of water vapor. It should be noted that the use of the term ‘gas’
herein does not designate pure gas and that it is specifically contemplated that any of
the gaseous matters described herein may contain some amount of impurities including
but not limited to water vapor. Preferably, because the circulating gases 250 and 350
may travel in front of the image assembly and backlight respectively, they should be
substantially clear, so that they will not affect the appearance of the image to a viewer.
The circulating gases 250 and 350 should also preferably be substantially free of
contaminates and/or particulate in order to prevent an adverse effect on the image
quality and/or damage to the internal electronic components. It may sometimes be
preferable to keep ambient gases 200 and 210 from having contaminates as well.
Filters may be used to help reduce the particulate within ambient gases 200 and 210.
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Filters could be placed near the inlet aperture 24 so that ambient gases 200 and/or 210
could be drawn through the filter. However, in an exemplary embodiment the display
may be designed so that contaminates could be present within the ambient gases 200
and 210 but this will not harm the display. In these embodiments, the heat exchanger
45, manifolds 30 and 35, channels 60, and any other pathway for ambient or circulating
gas should be properly sealed so that any contaminates in the ambient gas would not
enter sensitive portions of the display. Thus, in these exemplary embodiments,
ambient air may be ingested for the ambient gases 200 and 210, even if the ambient air
contains contaminates or particulate. This can be particularly beneficial when the
display is used in outdoor environments or indoor environments where contaminates
are present in the ambient air.

[0057] The cooling system may run continuously. However, if desired, temperature
sensing devices (not shown) may be incorporated within the electronic display to detect
when temperatures have reached a predetermined threshold value. In such a case, the
various cooling fans may be selectively engaged when the temperature in the display
reaches a predetermined value. Predetermined thresholds may be selected and the
system may be configured to advantageously keep the display within an acceptable
temperature range. Typical thermostat assemblies can be used to accomplish this
task. Thermocouples may be used as the temperature sensing devices.

[0058] It is to be understood that the spirit and scope of the disclosed embodiments
provides for the cooling of many types of electronic image assemblies. As used herein,
the term ‘electronic image assembly’ is any electronic assembly for creating an image.
At this time this, these are LCD (all types), 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 thin/flat
panel electronic image assembly. Furthermore, embodiments may be used with
displays of other types including those not yet discovered. In particular, it is
contemplated that the system may be well suited for use with full color, flat panel OLED
displays. Exemplary embodiments may also utilize large (55 inches or more) LED
backlit, high definition liquid crystal displays (LCD). While the embodiments described
herein are well suited for outdoor environments, they may also be appropriate for indoor
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applications (e.g., factory/industrial environments, spas, locker rooms) where thermal
stability of the display may be a concern.

[0059] As is well known in the art, electronic displays can be oriented in a portrait
manner or landscape manner and either can be used with the embodiments herein.
[0060] Having shown and described preferred embodiments, those skilled in the art
will realize that many variations and modifications may be made to affect the described
embodiments and still be within the scope of the claimed invention. Additionally, many
of the elements indicated above may be altered or replaced by different elements which
will provide the same result and fall within the spirit of the claimed invention. It is the

intention, therefore, to limit the invention only as indicated by the scope of the claims.
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CLAIMS
1. An assembly for cooling an electronic image assembly within a housing having an
inlet aperture for ambient gas, exit aperture for ambient gas, and internal cavity for
circulating gas, the assembly comprising:
a first portion of a heat exchanger which accepts ambient gas from the inlet
aperture;
a second portion of a heat exchanger which accepts ambient gas from the first
portion;
an first fan positioned between the first and second portions which pulls ambient
gas through the first portion and pushes ambient gas through the second
portion;
a second fan which forces circulating gas through the internal cavity and at least
one of the heat exchanger portions;
a plurality of channels placed behind the electronic image assembly, each
channel having an inlet and exit;
a first manifold in gaseous communication with the inlet of each channel;
a second manifold in gaseous communication with the exit of each channel; and

a third fan positioned to force ambient gas through the channels.

2. A system for cooling an electronic image assembly with ambient gas, the system
comprising:
a plurality of channels placed behind the electronic image assembly, each
channel having an inlet and exit;
a first manifold in gaseous communication with the inlet of each channel;
a second manifold in gaseous communication with the exit of each channel; and

a fan positioned to force ambient gas through the channels.

3. The cooling system of claim 2 wherein:

the channels are in thermal communication with the electronic image assembly.

4. The cooling system of claim 2 wherein:

18

SEC et al. v. MRI
SEC Exhibit 1031.1764
IPR2023-00254



WO 2011/140179 PCT/US2011/035120

the first and second manifolds are placed along a pair of vertical edges of the
electronic image assembly.

5. The cooling system of claim 2 wherein:
the fan is placed within either the first or second manifold.

6. The cooling system of claim 2 wherein:

the channels have a rectangular cross-section.

7. The cooling system of claim 2 wherein:

the channels are arranged in horizontal rows.

8. The cooling system of any one of claims 2-7 wherein:
the cooling channels are metallic.

9. The cooling system of claim 2 further comprising:
a front plate placed in front of the electronic image assembly, the space between
the front plate and the electronic image assembly defining a front channel;
a circulating fan position to force circulating gas through the front channel; and
a pass through plate having a first pathway for ambient gas travelling through the
plurality of channels behind the electronic image assembly and a second
pathway for circulating gas travelling through the front channel.

10. The cooling system of claim 9 wherein:
the first and second gas pathways are substantially perpendicular.

11. The cooling system of claim 9 wherein:
the first and second gas pathways do not allow the ambient gas and circulating

gas to mix.

12. The cooling system of claim 9 wherein:
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the pass through plate is positioned adjacent to the first manifold.

13. An electronic display assembly comprising:

a housing;

an electronic image assembly contained within the housing and having a pair of
opposing edges;

an inlet aperture in the housing for accepting ambient gas;

an exhaust aperture in the housing for exhausting ambient gas;

a plurality of channels placed behind the electronic image assembly;

a first manifold placed along one of the opposing edges which accepts ambient
gas from the inlet aperture and distributes ambient gas to the plurality of
channels;

a second manifold placed along the opposite edge as the first manifold which
accepts ambient gas from the channels and directs it towards the exhaust
aperture; and

a fan which forces the ambient gas through the channels.

14. The electronic display assembly of claim 13 wherein:
the fan is placed within the first manifold.

15. The electronic display assembly of claim 13 wherein:
the housing contains a top and bottom portion;
the inlet aperture is located at the top portion of the housing; and
the exhaust aperture is located at the bottom portion of the housing.

16. The electronic display assembly of claim 13 wherein:
the first and second manifolds are oriented vertically; and

the plurality of channels are oriented horizontally.

17. The electronic display assembly of any one of claims 13-16 wherein:
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the channels are in conductive thermal communication with the electronic image

assembly.

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

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

a circulating fan position to force circulating gas through the front channel; and

a first pass through plate adjacent to the first manifold and a second pass
through plate adjacent to the second manifold, each pass through plate
having a first pathway for ambient gas travelling through the plurality of
channels behind the electronic image assembly and a second pathway for
circulating gas travelling through the front channel.

19. The cooling system of claim 18 wherein:
the first and second gas pathways are substantially perpendicular.

20. An electronic display assembly comprising:

a housing having a top portion, bottom portion, and a pair of vertical edges;

an electronic image assembly contained within the housing;

an inlet aperture in the housing for accepting ambient gas;

an exhaust aperture in the housing for exhausting ambient gas;

a plurality of metallic channels placed behind and in conductive thermal
communication with the electronic image assembly;

a first manifold placed along one of the vertical edges which accepts ambient
gas from the inlet aperture and distributes ambient gas to the plurality of
channels;

a second manifold placed along the opposite vertical edge as the first manifold
which accepts ambient gas from the channels and directs it towards the
exhaust aperture; and
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a plurality of fans within the first manifold which draw the ambient gas into the
inlet aperture and through the channels.

21. The electronic display assembly of claim 20 wherein:
the electronic image assembly is a liquid crystal display.

22. An assembly for cooling an electronic image assembly within a housing having an
inlet aperture for ambient gas, exit aperture for ambient gas, and internal cavity for
circulating gas, the assembly comprising:
a first portion of a heat exchanger which accepts ambient gas from the inlet
aperture;
a second portion of a heat exchanger which accepts ambient gas from the first
portion;
an first fan positioned between the first and second portions which pulls ambient
gas through the first portion and pushes ambient gas through the second
portion; and
a second fan which forces circulating gas through the internal cavity and at least
one of the heat exchanger portions.

23. The cooling assembly of claim 22 wherein:
the first fan also draws ambient gas through the inlet aperture.

24. The cooling assembly of claim 23 wherein:
the first fan also pushes ambient gas through the exit aperture.

25. The cooling assembly of claim 22 further comprising:
an electronic component placed within the path of the circulating gas.

26. The cooling assembly of claim 25 wherein:

the electronic component is a power module.
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27. The cooling assembly of claim 22 wherein:
the heat exchanger portions are comprised of corrugated layers.

28. The cooling assembly of claim 22 wherein:
the heat exchanger portions are cross-flow heat exchanger portions.

29. An assembly for cooling an electronic image assembly within a housing having an
inlet aperture for ambient gas, exit aperture for ambient gas, and internal cavity for
circulating gas, the assembly comprising:
a heat exchanger having first and second gas pathways;
an first fan placed within the heat exchanger to draw ambient gas through the
inlet aperture and the first gas pathway of the heat exchanger; and
a second fan placed to draw circulating gas through the internal cavity and the
second gas pathway of the heat exchanger.

30. The cooling assembly of claim 29 wherein:
the first fan comprises an inlet side and exhaust side such that a portion of the
heat exchanger is adjacent to the inlet side and a further portion of the
heat exchanger is adjacent to the exhaust side.

31. The cooling assembly of claim 29 wherein:
the internal cavity comprises a front channel defined by the space between the

electronic image assembly and a transparent front plate.

32. The cooling assembly of claim 29 wherein:
the first fan also forces the ambient gas out the exit aperture.

33. The cooling assembly of claim 29 further comprising:
an electronic component placed within the path of the circulating gas.

34. The cooling assembly of claim 33 wherein:
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the electronic component is a power module.

35. The cooling assembly of claim 29 wherein:
the heat exchanger is comprised of corrugated layers.

36. The cooling assembly of claim 29 wherein:
the heat exchanger is a cross-flow heat exchanger.

37. 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 channel;

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

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

a second fan assembly positioned to force gas through the channel and the

second gas pathways.

38. The electronic display assembly of claim 37 further comprising:
a power module placed within the path of the circulating gas.

39. The electronic display assembly of claim 37 wherein:
the electronic image assembly is a liquid crystal display.

40. The electronic display assembly of claim 37 wherein:
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the electronic image assembly is an OLED display.

41. The electronic display assembly of claim 37 wherein:
the heat exchanger is a cross-flow heat exchanger comprised of corrugated

layers.
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180 where either the top or bottom portions are absent from

each polygon. The absent top portions may be supplied by

a front plate or the rear portion of an electronic display.

The absent bottom portions maybe supplied by a rear plate.

One or more components of the electronic display may be

placed in thermal communication with the sheet and/or

500 front/rear plates to transfer heat from the components to

the cooling air.
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Expanded Heat Sink for Electronic Displays and Method of Producing

the Same

Inventors: William Dunn, Bill Swatt, and Tim Hubbard

Cross-Reference to Related Applications
[0001] This application claims priority to U.S. Application No. 61/372,942, filed on
August 12, 2010, herein incorporated by reference in its entirety. This application claims
priority to U.S. Application No. 13/206,596 filed on August 10, 2011, herein
incorporated by reference in its entirety.

Technical Field
[0002] Exemplary embodiments generally relate to cooling systems and in particular
to cooling systems for electronic displays.

Background of the Art

[0003] Conductive and convective heat transfer systems for electronic displays
generally attempt to remove heat from the electronic components in a display through
the sidewalls of the display. Components such as power modules, which are known for
producing a large amount of heat may have a ‘heat sink’ attached to the component
which provides an expanded surface area so that heat may be transferred away from
the component. These heat sinks have previously been limited to only the size of the
power module itself.

[0004] Modern displays have become extremely bright, with some LCD backlights
producing 1,000-2,000 nits or more. Sometimes, these illumination levels are
necessary because the display is being used outdoors, or in other relatively bright areas
where the display illumination must compete with other ambient light. In order to
produce this level of brightness, illumination devices (ex. fluorescent lamps, LED,
organic LED (OLED), light emitting polymer (LEP), organic electro luminescence (OEL),
and plasma assemblies) may produce a relatively large amount of heat. Further, the
illumination devices require a relatively large amount of power in order to generate the
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required brightness level. This large amount of power is typically supplied through one
or more power supplies for the display. These power supplies may also become a
significant source of heat for the display.

[0005] Further, previous electronic displays were primarily designed for operation near
room temperature. However, it is now desirable to have displays which are capable of
withstanding large surrounding environmental temperature variations. For example,
some displays are designed for operation at temperatures as low as -22F and as high
as 113 F or higher. When surrounding temperatures rise, the cooling of the internal
display components can become even more difficult.

[0006] Still further, in some situations radiative heat transfer from the sun through the
front portion of the display can also become a source of heat. 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.

SEC et al. v. MRI
SEC Exhibit 1031.1784
IPR2023-00254



WO 2012/021573 PCT/US2011/047174

Summary of the Exemplary Embodiments

[0007] Exemplary embodiments relate to a system for cooling various components of
an electronic display. The exemplary embodiments may be used to cool the power
module(s) or power transformer(s), backlight (if used in the particular display), and other
internal components of an electronic display, either alone or in combination. The
component(s) may be placed in thermal communication with a continuous conductive
sheet which may be placed in the path of cooling air. The heat from the components
are distributed throughout the continuous conductive sheet and removed by the cooling
air. Some embodiments may place the continuous conductive sheet between a pair of
substantially parallel plates (which may also be conductive and may be in thermal
communication with the continuous conductive sheet and one or more components).
[0008] In one embodiment where the electronic display is a liquid crystal display,
power modules and the display backlight may be placed in thermal communication with
the continuous conductive sheet. In this way, a single path of cooling air can be used
to cool two of the most heat-producing components of a typical LCD. For example, and
not by way of limitation, LED arrays are commonly used as the illumination devices for
LCD backlights. It has been found that the optical properties of LEDs (and other
illumination devices) can vary depending on temperature. Thus, when an LED is
exposed to room temperatures, it may output light with a certain luminance,
wavelength, and/or color temperature. However, when the same LED is exposed to
high temperatures, the luminance, wavelength, color temperature, and other properties
can vary. Thus, when a temperature variation occurs across an LED backlight (some
areas are at a higher temperature than others) there can be optical inconsistencies
across the backlight which can be visible to the observer. By using the exemplary
embodiments herein, heat buildup can be evenly distributed across the continuous
conductive sheet and removed from the display. This can prevent any potential ‘hot
spots’ in the backlight which may become visible to the observer because of a change
in optical properties of the LEDs.

[0009] The continuous conductive sheet may provide an isolated chamber from the
rest of the display so that ambient air can be ingested and used to cool the continuous

conductive sheet. This is beneficial for situations where the display is being used in an
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outdoor environment and the ingested air may contain contaminates (pollen, dirt, dust,
water, smoke, etc.) that would damage the sensitive electronic components of the
display.

[0010] 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

[0011] 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:

[0012] FIGURE 1A is a front perspective section view of an exemplary embodiment
used to cool an LED backlight;

[0013] FIGURE 1B is a detailed front perspective section view of insert B from Figure
1A;

[0014] FIGURE 2 is a rear perspective view of an embodiment using fans to draw
cooling air through the channels;

[0015] FIGURE 3A is a rear perspective section view of an embodiment where the
cooling fans are placed within the continuous conductive sheet and several
components are placed within thermal communication with the continuous conductive
sheet;

[0016] FIGURE 3B is a rear perspective section view of insert B from Figure 3A;
[0017] FIGURE 4 is a perspective view of one embodiment for the continuous
conductive sheet;

[0018] FIGURE 5A is a side view of one embodiment for the continuous conductive
sheet used within an LED-backlit liquid crystal display;

[0019] FIGURE 5B is a side view of another embodiment for the continuous
conductive sheet used to cool a backlight as well as other electrical components; and
[0020] FIGURE 5C is a side view of another embodiment for the continuous

conductive sheet used within an electronic display.

SEC et al. v. MRI
SEC Exhibit 1031.1786
IPR2023-00254



WO 2012/021573 PCT/US2011/047174

Detailed Description

[0021] The invention is described more fully hereinafter with reference to the
accompanying drawings, in which exemplary embodiments of the invention are shown.
This invention may, however, be embodied in many different forms and should not be
construed as limited to the exemplary embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and
will fully convey the scope of the invention to those skilled in the art. In the drawings,
the size and relative sizes of layers and regions may be exaggerated for clarity.

[0022] It will be understood that when an element or layer is referred to as being
"on" another element or layer, the element or layer can be directly on another element
or layer or intervening elements or layers. In contrast, when an element is referred to as
being "directly on" another element or layer, there are no intervening elements or layers
present. Like numbers refer to like elements throughout. As used herein, the term
"and/or" includes any and all combinations of one or more of the associated listed
items.

[0023] It will be understood that, although the terms first, second, third, etc., may be
used herein to describe various elements, components, regions, layers and/or sections,
these elements, components, regions, layers and/or sections should not be limited by
these terms. These terms are only used to distinguish one element, component, region,
layer or section from another region, layer or section. Thus, a first element, component,
region, layer or section discussed below could be termed a second element,
component, region, layer or section without departing from the teachings of the present
invention.

[0024] 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, compaonents, and/or groups thereof.
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[0025] Embodiments of the invention are described herein with reference to cross-
section illustrations that are schematic illustrations of idealized embodiments (and
intermediate structures) of the invention. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing techniques and/or tolerances, are
to be expected. Thus, embodiments of the invention should not be construed as limited
to the particular shapes of regions illustrated herein but are to include deviations in
shapes that result, for example, from manufacturing.

[0026] For example, an implanted region illustrated as a rectangle will, typically,
have rounded or curved features and/or a gradient of implant concentration at its edges
rather than a binary change from implanted to non-implanted region. Likewise, a buried
region formed by implantation may result in some implantation in the region between
the buried region and the surface through which the implantation takes place. Thus, the
regions illustrated in the figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device and are not intended to
limit the scope of the invention.

[0027] Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill
in the art to which this invention belongs. It will be further understood that terms, such
as those defined in commonly used dictionaries, should be interpreted as having a
meaning that is consistent with their meaning in the context of the relevant art and will
not be interpreted in an idealized or overly formal sense unless expressly so defined
herein.

[0029] Herein the terms ‘front’ and ‘rear’ may be used to describe the relationship
between the various elements shown in the various embodiments. The term ‘front’ is
used herein to denote a direction towards the intended observer of the electronic
display. The term ‘rear’ is used herein to denote a direction away from the intended
observer of the electronic display.

[0030] FIGURE 1A is a front perspective section view of an exemplary embodiment
used to cool an LED backlight 100 (or an LED display). In this embodiment, the
continuous conductive sheet 500 is placed adjacent to the LED backlight 100 and used
to create a plurality of channels 150. Preferably, the LED backlight 100 is in thermal
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communication with the continuous conductive sheet 500. Thus, heat which is
generated by the LED backlight 100 is transferred to the continuous conductive sheet
500 and removed by cooling air 10.

[0031] FIGURE 1B is a detailed front perspective section view of insert B from Figure
1A. In this embodiment, the continuous conductive sheet 500 is placed between a front
plate 180 and a rear plate 125 in order to create the channels 150. The front plate 180
is preferably in thermal communication with the LED backlight 100 and the continuous
conductive sheet 500. The rear plate 125 may also be in thermal communication with
the continuous conductive sheet 500. The thermal communication may be conductive,
convective, radiative, or any combination of these. Preferably, the thermal
communication is at least conductive.

[0032] The LED backlight 100 and front plate 180, front plate 180 and continuous
conductive sheet 500, and the continuous conductive sheet 500 and rear plate 125 may
be fastened to one another using any number of different technigues, including but not
limited to: mechanical fasteners, adhesives, double-sided tape, welding, or other similar
techniques. Each component may be attached to one another using similar or different
methods. It is preferable that the chosen technique permits thermal communication
between the components (if desired). In some embodiments the thermal
communication between components may be accomplished by simply placing the
components in contact with one-another or in close proximity to one another. Some
embodiments may use a combination of the fastening techniques above. Thus, an
exemplary embodiment may use both mechanical fasteners as well as an adhesive
(preferably a thermally conductive adhesive) or double-sided tape. An exemplary type
of double-sided tape would be Very High Bond (VHB™) tape commercially available
from 3M™ Saint Paul, MN. www.3M.com An exemplary form of mechanical fasteners
would be rivets or screws/bolts.

[0033] FIGURE 2 is a rear perspective view of an embodiment using fans 225 to draw
cooling air 10 through the channels 150. Inlet apertures 200 allow the fans 225 to draw
cooling air 10 in between the rear plate 125 and front plate 180 and along the channels
150. The cooling air 10 can then be exhausted out of the exit apertures 210. A single
fan may be used in some embodiments, while several fans (even more than shown in
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Figure 2) could be used in other embodiments. Of course, the fans 225 could instead
be placed at the inlet apertures 200 and used to ‘push’ the cooling air 10 through the
channels 150 rather than ‘pull’ (as shown in Figure 2). Further, fans could be placed at
both the inlet apertures 200 and exit apertures 210 to both push and pull the cooling air
10 through the system.

[0034] FIGURE 3A is a rear perspective section view of an embodiment where the
cooling fans 300 are placed within the continuous conductive sheet 500 and electronic
components 800 are placed in thermal communication with the continuous conductive
sheet 500. In this embodiment, cooling air 10 is drawn into the inlet apertures 310 by
fans 300 which are placed along the length of the continuous conductive sheet 500.
Thus, in this embodiment the fans 300 perform both a ‘pull’ and ‘push’ of the cooling air
10 through the channels 150. Electronic components 800 may be placed in thermal
communication with the continuous conductive sheet 500 by establishing thermal
communication between the electronic components 800 and the rear plate 125 (which
is preferably in thermal communication with the continuous conductive sheet 500 in this
embodiment).

[0035] The electronic components 800 may be any electronic component used in an
electronic display which generates heat. The electronic components 800 are preferably
in electrical communication with the electronic display assembly. Some embodiments
may use power supplies/modules or power transformers as the electronic components
800.

[0036] FIGURE 3B is a rear perspective section view of insert B from Figure 3A. In
this embodiment, the continuous conductive sheet 500 is placed between a front plate
180 and a rear plate 125 in order to create the channels 150. As discussed further
below, a front plate 180 may not be necessary in some embodiments. Thus, in some
embodiments the continuous conductive sheet 500 may be directly fastened to the rear
portion of the LED backlight 100 (or another rear portion of an electronic display,
especially an OLED assembly).

[0037] In this embodiment, a portion of the front plate 180 overlaps a portion of the
rear plate 125 to create an overlap section 350. Here, heat is permitted to transfer
directly between the edges of the rear plate 125 and front plate 180 and allows the
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thermal energy to quickly and evenly spread throughout the plates and the continuous
conductive sheet 500.

[0038] FIGURE 4 is a perspective view of one embodiment for the continuous
conductive sheet 500.

[0039] FIGURE 5A is a side view of one embodiment for the continuous conductive
sheet 500 used within an LED-backlit liquid crystal display. In this embodiment, the
LED backlight 100 is attached to and in thermal communication with the front plate 180;
which is attached to and in thermal communication with the continuous conductive
sheet 500. A liquid crystal assembly 550 is placed in front of the LED backlight 100.
The liquid crystal assembly 550 may contain several layers and is well known in the art.
Typically, the liquid crystal assembly 550 contains two transparent plates with liquid
crystal material sandwiched in between the two plates. An electrode of some type is
typically used to orient the liquid crystal material. Additional layers may also be used to
orient/polarize light, color filter the light, and provide anti-reflective or protective
properties. These layers have not been shown as they are well-known in the art and
are not critical to these embodiments of the invention.

[0040] Here, the rear plate 125 may not be in thermal communication with the
continuous conductive sheet 500 but may only provide structure for the channels and/or
structural support to the assembly. Of course, it is preferable that the rear plate 125
and the continuous conductive sheet 500 are in thermal communication so that heat
can be more effectively and evenly distributed and removed. Ideally, there should be
a low level of thermal resistance between the front and rear sides of the backlight 100.
An exemplary embodiment may utilize a metal core PCB with LEDs on the front side
and a metallic surface (or otherwise thermally conductive surface) on the rear side.
[0041] Generally, the continuous conductive sheet 500 may be described as four
continuous portions, which are generally repeated to create the overall structure. For
this embodiment, the first portion 600 runs parallel to and adjacent with the front plate
180. The second portion 610 extends from the first portion 600 at angle 6, towards the
rear plate 125. The third portion 620 extends from the second portion 610 and runs
parallel to and adjacent with the rear plate 125. The fourth portion 630 extends from
the third portion 620 at angle ©, towards the front plate 180. The four portions may
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then be repeated to create the continuous conductive sheet 500. Thus, the fourth
portion 630 may continue to a second series of portions, starting with another portion
similar to the previous first portion 600. In some embodiments, angle ©; may be
substantially equal to angle ©,. While in other embodiments, angle ©, may be different
than angle ©..

[0042] In other words, when oriented horizontally and viewed along the direction of
the cooling air (the side view shown in Figure 5A) the continuous conductive sheet 500
may be formed to create a series of four-sided polygons, each one having a bottom
side (portion 620), left side (portion 610), right side (portion 630), and a top side (in this
polygon supplied by front plate 180) where either the top or bottom side is absent from
each polygon. For the embodiment shown in Figure 5A, the absent side of the polygon
alternates between the top side and bottom side for each adjacent polygon. An
exemplary version of the embodiment shown in this figure may be formed of stamped
or bent sheet metal.

[0043] FIGURE 5B is a side view of another embodiment for the continuous
conductive sheet 750 used to cool a backlight 700 as well as other electrical
components 800. In this embodiment, the continuous conductive sheet 750 is attached
to and in thermal communication directly with the backlight 700 (thus, there is no
separate front plate used). A liquid crystal assembly 550 is placed in front of the
backlight 700, which may be LED driven or may be any other means for illuminating the
rear portion of the liquid crystal assembly 550. An additional electrical component 800
is placed in electrical communication with the backlight 700 and/or liquid crystal
assembly 550 and is in thermal communication with the rear plate 705. Here, heat
which is produced by the electrical component 800 may be transferred to the rear
surface 704 of the rear plate 705, where it may then be transferred to the front surface
706 of the rear plate 705. The cooling air can remove the heat from the front surface
706 of the rear plate 705. Additionally, the heat may be transferred from the front
surface 706 of the rear plate 705 to the continuous conductive sheet 750 where it may
spread throughout the continuous conductive sheet 750 and ultimately removed by the

cooling air.
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[0044] Again, this embodiment of the continuous conductive sheet 750 may be
described as four continuous portions, which are generally repeated to create the
overall structure. For this embodiment, the first portion 710 runs parallel to and
adjacent with the backlight 700. The second portion 715 extends from the first portion
710 at angle ©; towards the rear plate 705. The third portion 720 extends from the
second portion 715 and runs parallel to and adjacent with the rear plate 705. The
fourth portion 725 extends from the third portion 720 at angle ©,4 towards the backlight
700. The four portions may then be repeated to create the continuous conductive
sheet 750. Thus, the fourth portion 725 may continue to a second series of portions,
starting with another portion similar to the previous first portion 710. In some
embodiments, angle ©; may be substantially equal to angle ©4. While in other
embodiments, angle ©; may be different than angle ©4. In this particular embodiment,
both angles ©3 and ©4 are near 90 degrees, or perpendicular to the backlight 700 and
rear plate 705 and/or first portion 710 and third portion 720.

[0045] In other words, when oriented horizontally and viewed along the direction of
the cooling air (the side view shown in Figure 5B) the continuous conductive sheet 750
may be formed to create a series of four-sided polygons, each one having a bottom
side (portion 720), left side (portion 715), right side (portion 725), and a top side (in this
polygon supplied by backlight 700) where either the top or bottom side is absent from
each polygon. For the embodiment shown in Figure 5B, the absent side of the polygon
alternates between the top side and bottom side for each adjacent polygon. An
exemplary version of the embodiment shown in this figure may be formed of stamped
or bent sheet metal.

[0046] FIGURE 5C is a side view of another embodiment for the continuous
conductive sheet 760 used within an electronic display. Here, the continuous
conductive sheet 760 is attached to and in thermal communication with the front plate
701 which is attached to and in thermal communication with an electronic display
assembly 560. In this embodiment, the continuous conductive sheet 760 may be used
to cool a type of electronic display that does not require a backlight device. Thus, the
electronic display assembly 560 could be, but is not limited to any one of the following

types of displays: OLED, LED, light emitting polymer (LEP), organic electro
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luminescence (OEL), and plasma. The heat which is generated by the electronic
display assembly 560 can be transferred to the front plate 701 where it can be
transferred to the continuous conductive sheet 760 and removed by the cooling air.
Additionally, radiative heat transfer from sunlight can also cause a heat buildup upon
the electronic display assembly 560. This heat can also be transferred to the
continuous conductive sheet 760 and removed by the cooling air. Here, the rear plate
705 may not be in thermal communication with the continuous conductive sheet 760 but
may only provide structure for the channels and/or structural support to the assembly.
Of course, it is preferable that the rear plate 705 and the continuous conductive sheet
760 are in thermal communication so that heat can be more effectively and evenly
distributed and removed.

[0047] Again, this embodiment of the continuous conductive sheet 760 may be
described as four continuous portions, which are generally repeated to create the
overall structure. For this embodiment, the first portion 770 runs parallel to and
adjacent with the front plate 701. The second portion 775 extends from the first portion
770 at angle ©s towards the rear plate 705. The third portion 780 extends from the
second portion 775 and runs parallel to and adjacent with the rear plate 705. The
fourth portion 785 extends from the third portion 780 at angle 6 towards the front plate
701. The four portions may then be repeated to create the continuous conductive
sheet 760. Thus, the fourth portion 785 may continue to a second series of portions,
starting with another portion similar to the previous first portion 770. In some
embodiments, angle ©s may be substantially equal to angle ©s. While in other
embodiments, angle 85 may be different than angle .

[0048] In other words, when oriented horizontally and viewed along the direction of
the cooling air (the side view shown in Figure 5C) the continuous conductive sheet 760
may be formed to create a series of four-sided polygons, each one having a bottom
side (portion 780), left side (portion 775), right side (portion 785), and a top side (in this
polygon supplied by front plate 701) where either the top or bottom side is absent from
each polygon. For the embodiment shown in Figure 5C, the absent side of the polygon

alternates between the top side and bottom side for each adjacent polygon. An
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exemplary version of the embodiment shown in this figure may be formed of bent sheet
metal.

[0049] Electronic displays are produced in a variety of sizes and orientations,
including but not limited to both landscape and portrait orientations. Any of the
embodiments herein can be used to cool the various types, sizes, and orientations of
electronic displays. Further, the channels may be oriented in a vertical manner, and the
cooling air may travel from top to bottom or from bottom to top. Still further, the
channels may be oriented in a horizontal manner, and the cooling air can travel left to
right or right to left.

[0050] While the embodiments of the continuous conductive sheet have been
generally described as containing four portions which repeat themselves, other
embodiments could use a mixture of different designs. Thus, some embodiments may
not repeat the same four portions over and over. Some embodiments could use four
portions from the continuous conductive sheet 750 of Figure 5B, followed by four
portions from the continuous conductive sheet 500 of Figure 5A. Of course, any
number of different combinations could be used, depending on the materials and
manufacturing process used to construct the particular continuous conductive sheet.
[0051] It should be noted that the embodiments herein do not require that a singular
continuous conductive sheet is used to cool the entire electronic display. A plurality of
smaller continuous conductive sheets may be used in order to cool the display. The
smaller continuous conductive sheets may be connected to each other and in thermal
communication with one another or they may be spaced apart from one another. Thus,
as used herein the term ‘continuous’ does not require that the entire display is cooled
with a single conductive sheet. The term ‘continuous’ as used herein defines a single
element that can be placed between two substantially planar objects to create at least
two channels.

[0052] Further, the term ‘thermal communication’ as used herein does not require
direct thermal communication, i.e. there may be intermediate devices or layers in-
between the two components which are still considered to be in ‘thermal
communication.” Conductive heat transfer is one type of thermal communication and is

preferable with the exemplary embodiments herein. Convective thermal communication
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is one type of thermal communication which is preferable between the continuous
conductive sheet and the cooling air.

[0053] The continuous conductive sheets have been shown herein with relatively
constant cross-sectional thicknesses but this is also not required. Some portions of the
continuous conductive sheets may be thicker or thinner than other portions and some
may even contain fins or additional extended surface areas for removing the absorbed
heat.

[0054] Itis preferable that the front plate, rear plate, and continuous conductive sheet
are comprised of materials which are thermally conductive. Metals have been found to
be exemplary materials for these components. More specifically, sheet metals and
even more specifically aluminum sheet metals are preferable. However, many
thermally conductive plastics and composite materials can also perform adequately.
Specifically, polypropylene sheets would be within the scope of the various
embodiments.

[0055] In an exemplary embodiment, the front and rear plates would provide a
gaseous and contaminate barrier between the space between them (containing the
continuous conductive sheet) and the rest of the display. If the plates provide an
adequate barrier, ambient air may be ingested as cooling air 10 and the risk of
contaminates entering the portions of the display containing the sensitive electronic
components may be reduced or eliminated.

[0056] As noted above, many illumination devices (especially LEDs and OLEDs) may
have performance properties which vary depending on temperature. When ‘hot spots’
are present within a backlight or illumination 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 backlight
assembly can be distributed (somewhat evenly) throughout the various ribs and
thermally-conductive surfaces to remove hot spots and cool the backlight.

[0057] The cooling system may run continuously. However, if desired, temperature
sensing devices (not shown) may be incorporated within the electronic display to detect
when temperatures have reached a predetermined threshold value. In such a case, the

various cooling fans may be selectively engaged when the temperature in the display
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reaches a predetermined value. Predetermined thresholds may be selected and the
system may be configured to advantageously keep the display within an acceptable
temperature range. Typical thermostat assemblies can be used to accomplish this
task. Thermocouples may be used as the temperature sensing devices.

[0058] It is to be understood that the spirit and scope of the disclosed embodiments
provides for the cooling of many types of displays. By way of example and not by way
of limitation, embodiments may be used in conjunction with any of the following: LCD
(all types), 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 type of flat panel electronic display. Furthermore,
embodiments may be used with displays of other types including those not yet
discovered. In particular, it is contemplated that the system may be well suited for use
with full color, flat panel OLED displays. Exemplary embodiments may also utilize large
(55 inches or more) LED backlit, high definition (1080i or 1080p or greater) liquid crystal
displays (LCD). While the embodiments described herein are well suited for outdoor
environments, they may also be appropriate for indoor applications (e.g.,
factory/industrial environments, spas, locker rooms) where thermal stability of the
display may be at risk.

[0059] Although fans are shown with some of the embodiments herein, they are not
required for all embodiments. While forced convection (using fans) is preferable,
natural or un-forced convection (no fans) may also produce acceptable results and is
within the scope of the invention.

[0060] The relative sizing of each component shown in the figures is not to be
interpreted as a requirement of the invention or that they are accurately drawn to scale.
Some components have been enlarged for clarity. Other components have been
simplified for clarity.

[0061] Having shown and described preferred embodiments, those skilled in the art
will realize that many variations and modifications may be made to affect the described
embodiments and still be within the scope of the claimed invention. Additionally, many
of the elements indicated above may be altered or replaced by different elements which
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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 expanded heat sink for transferring heat from an electronic display component to
a path of cooling air, the expanded heat sink comprising:

a continuous sheet when viewed along the path of the cooling air and oriented
horizontally, defines a series of four-sided polygons having top, bottom,
left side, and right side portions where either the top or bottom portions

are absent from each polygon.

2. The heat sink of claim 1 wherein:

the absent portion of the polygon alternates between the top and bottom portion

for each adjacent polygon.

3. The heat sink of claim 1 wherein:

the four-sided polygons are trapezoids.

4. The heat sink of any one of claims 1-3 wherein:

the top and bottom portions are substantially parallel.

5. The heat sink of claim 1 wherein:

the four-sided polygons are rectangles.

6. The heat sink of any claim 1 further comprising:

a front plate placed above the continuous sheet; and
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a rear plate place below the continuous sheet.

7. The heat sink of claim 6 wherein:

the front plate is placed so as to supply the missing top portion of the polygons;
and

the rear plate is placed so as to supply the missing bottom portion of the

polygons.

8. A liquid crystal display (LCD) comprising:
the heat sink of claim 6;

an LED backlight placed above and in thermal communication with the front
plate; and

a liquid crystal assembly placed above the LED backlight.

9. The LCD of claim 8 further comprising:

a fan positioned to draw cooling air between the front plate and rear plate and
along the continuous sheet.

10. The LCD of any one of claims 8-9 wherein:

the LED backlight is placed in conductive thermal communication with the front
plate.
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