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[0007] According to one aspect, the invention relates to a video display
system which includes an enclosure suitable for use in a range of conditions
including outdoor street-level use, and a display unit such as a video flat panel
display. The video unit preferably comprises an LCD unit. However, it will be
understood that the “flat panel display” (herein referred to as an "FPD"”) may
include essentially any video display means such as a flat screen LCD, LED,
plasma or OLED display, as well as other video systems whether currently in use
or which may be developed in the future, whether based on analogue or digital

video signals.

[0008] The enclosure comprises a substantially sealed housing that
contains an FPD, an environmental control unit ("ECU”) to regulate the internal
temperature within the enclosure, and other components. A clear front panel
permits viewing of the FPD. The enclosure is openable, preferably by opening of
the housing portion which contains the front panel. To prevent unauthorized
access to the enclosure, the housing is securely lockable. Preferably, the
housing is configured to permit multiple enclosures to be joined together in
various configurations. For example, multiple enclosures may be configured to

be combined to form a self-supporting triangular display structure.

[0009] The enclosure includes means to mount the FPD within its interior.
The FPD is located to provide an air gap, to permit airflow around the FPD to
provide efficient cooling thereof or, in some circumstances, heating. The

enclosure also includes means to circulate air through the air gap.

[0010] The ECU may include a heat exchanger such as an air conditioner.
According to this aspect of the invention, the enclosure is effectively sealed
against ambient air circulation, with interior air being recirculated through the
enclosure. According to this aspect, the system is configured to provide a closed-
loop, system-level approach to cooling which reduces or eliminates the need to
provide individual component-level cooling, thereby permitting the system to
operate in a diverse range of conditions including at least some outdoor
environments. It is contemplated that units installed in less extreme or
sheltered outdoor environments, such as transit shelters or the like, can utilize

smaller air conditioners or heat-exchangers. Optionally, a heater may be
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provided to maintain a selected minimum temperature, depending on the
environment in which the enclosure is to be installed. Units to be installed in
indoor controlled environments could be equipped with only circulating fans. The
ECU is responsive to sensors which detect conditions such as the temperature
within the enclosure, the power requirements of the system, tampering or
movement of the system, and other conditions. The ECU includes a control
system which responds to such parameters and conditions by controlling the fan
speed (thereby controlling internal air circulation), depowering the FPD,
transmitting an alarm signal to a remote operator, and other responsive

measures.

[0011] According to another aspect of the invention, the enclosure and
ECU are configured to permit the system to maintain the desired temperature
range by circulation of ambient (exterior) air through the enclosure. Optionally,

a heater may be provided to maintain a selected minimum temperature.

[0012] Another aspect relates to an enclosure in which the housing
consists of a rear portion which houses the FPD and ECU, and a front portion
which includes a clear panel. The FPD is retained within a structure which is in
turn pivotally mounted to the rear portion of the housing. The front portion and
FPD are both releasably mounted to the rear housing portion with pivotal
engagement means configured to permit the front portion and said FPD to
independently pivot outwardly from said housing along parallel axes of rotation
to permit access into the interior of said housing. At least one of said pivotal
engagement means comprises mutually engaging surfaces projecting from said
means to mount said FPD and said housing respectively, configured to oppose
each other and rest one upon the other. The mutually engaging surfaces
comprise upwardly and downwardly projecting surfaces respectively, configured

to interlock when engaged.

[0013] Another aspect relates to a locking mechanism for locking the
openable cover to the housing in a secure fashion.

[0014] According to another aspect, the invention relates to a display

system comprising a plurality of enclosures as described above incorporated into
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a display system. The enclosures are mounted within a frame, which may be
free-standing to form a kiosk-like structure, or alternatively incorporated into a
structure such as bus shelter. Preferably, the enclosures are disposed at an
angle relative to each other. For example, the system may comprise a
rectangular or triangular cross-sectional configuration, with two or more
outwardly-facing surfaces of the system comprising video display surfaces. In a
preferred version, the systems has a triangular cross-sectional configuration with
vertical side walls, with two of the faces comprising outwardly-facing video
displays disposed at an angle to each other. The third face comprises a sealed
panel, which is openable for access to the interior. An alternative configuration
is to provide two enclosures in back-to-back arrangement. This arrangement
may be ceiling-mounted. A still-further alternative is to provide a single
enclosure for wall mounting. The display system may form a substantially
enclosed structure, in which the FPD enclosures form some or all of the side
panels, with the upper and lower faces being covered with panels. Active or
passive ventilation within the interior may be provided via suitable ventilation

ducts.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figure 1 is perspective view of a video display module in accordance

with the present invention.

[0016] Figure 2 is a plan view, from above, of the display module of the

first embodiment.

[0017] Figure 3 is an exploded view, in perspective, of the first
embodiment.

[0018] Figure 4 is a plan view, from above, of an enclosure according to

the first embodiment.

[0019] Figure 5 is a rear elevational view of the enclosure.

[0020] Figure 6 is a side elevational view of the enclosure.
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[0021] Figure 7 is a schematic cross- sectional view along line 7-7 of Fig.
4, showing the interior of the enclosure.
[0022] Figure 8 is a perspective view from the front, showing the interior

of the rear housing portion with a FPD installed therein and the front housing

portion removed.

[0023] Figure 9 is a perspective view of a second embodiment of the

invention, depicting a transit shelter incorporating the present invention.

[0024] Figures 10 through 12 are perspective views of third, fourth and

fifth embodiments of the present invention.

[0025] Figure 13 is a rear plan view of a sixth embodiment of the
invention.
[0026] Figure 14 is a cross section view of the embodiment of figure 13,

along line 14-14 of Fig. 13.

[0027] Figure 15 is a sectional view of the embodiment of Figure 13

showing the airflow pattern through the enclosure.

[0028] Figure 16 is a perspective view, from the front, showing internal

components of the embodiment of Figure 13.
[0029] Figure 17 is a perspective view of the ECU portion of the system.

[0030] Figure 18 is a perspective view of the FPD holder portion of the
sixth embodiment of the invention.

[0031] Figure 19 is a detailed view of the circled portion of Figure 18.

[0032] Figure 20 is a side elevational view of the FPD holder according to

the sixth embodiment.
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[0033] Figure 21 is a perspective view of the sixth embodiment.

[0034] Figure 22 is a perspective view, with components separated to
show details, of the sixth embodiment.

[0035] Figure 23 is a perspective view of the FPD holder according to a
seventh embodiment of the invention.

[0036] Figure 24 is a front elevational view of the enclosure according to
the seventh embodiment.

[0037] Figure 25 is an exploded view, in perspective, of the seventh
embodiment.

[0038] Fig. 26 is a block diagram showing operation of the environmental

control system of the present invention.

DETAILED DESCRIPTION

[0039] In a first embodiment, shown in Figures 1- 8, the system comprises
a free-standing display structure 10 having a substantially triangular cross-
sectional configuration, with generally vertical rectangular sides. Structure 1o
includes a rigid support framel8, composed of three upright corner posts 20,
each of which terminates in a foot 22. Feet 22 may be bolted to a substrate to
minimize the risk of theft or movement. One or more of posts 20 are adjustable
in length. Preferably, posts 20 are partly or fully covered with a decorative
covering, such as powder coated sheet metal or a stainless steel tube 24. Posts
20 are connected together with cross bars 26, seen in Figure 3. Triangular floor
and roof panels 14 and 16 cover the upper and lower open ends of the module,
and are mounted to cross bars 26. The floor and roof panels include ventilation
openings 30, to permit ventilation of the assembly by convection. Optionaily,
ventilation fans 32 may be provided to vent the interior of the module.
Preferably, ventilation openings 30 are louvered and covered with filter

members.

SEC et al. v. MRI
SEC Exhibit 1022.3755
IPR2023-00221



WO 2009/135308 PCT/CA2009/000629
_8_
[0040] The system is supplied with power, and optionally external video
and audio signals, which may be supplied via a conventional subsurface conduit
which terminates in a GFCI-equipped junction box located within the interior of
the system. A multiple outlet UL listed power bar is used to distribute power to

all of the electrical devices contained within the system.

[0041] Structure 10 includes at least one video screen display enclosure
40, composed of separable front and rear housings 48 and 60. Enclosure 40 is
fabricated from a robust material, such as stainless steel or aluminum. Each
enclosure forms an independent video display unit, and it will be seen that one
or more such enclosures may be arranged in various combinations or
configurations to form a wide variety of display modules and systems. Structure
10 comprises two enclosures 40, forming two walls of the triangular structure,
and a wall 42 forming the third side thereof and composed of one or more solid
panels 44, openable to provide access to the interior of the structure.
Conveniently, wall 42 comprises a pair of panels 44 which swing open, and
which are securely lockable in the closed position. It is evident that variations of
the above are possible, including all three sides of the structure comprising video
enclosures, or only a single side, or the third side comprising another type of
display, or the display structure having a different number of side walls other

than three.

[0042] As seen in Figure 7, a video flat panel display unit ("FPD"”) 100 is
housed within enclosure 40. In the present embodiment, FPD 100 is a high-
output LCD digital monitor, although essentially any video monitor may be
housed within the enclosure, provided it dimensionally fits therein and has

sufficient screen brightness and other desired characteristics.

[0043] Referring to Figures 4-6, enclosure 40 comprises a self-contained
substantially sealed unit. Enclosure 40 includes a front housing 48 which holds a
transparent glazed front panel 50. Panel 50 is essentially inert to heat and
chemicals, and has significant impact resistance, while allowing substantially no
flexibility across its surface. If broken, it will shatter to form non-abrasive beads
and remain intact and in place until removed for replacement. To provide

sufficient security, the inventors have found that a suitable panel consists of a
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laminated composite of two tempered glass plates, each about 6 mm in
thickness, bonded with a 1.5 mm thick optical bonding resin adhesive, resulting
in a finished thickness of about 13.5 mm. It will be evident that these
specifications are non-limiting, and are provided merely by way of example. The
front layer is clear with an anti-reflective finish on the outside, with polished
edges and a printed border matching the view dimensions of a screen of a
selected maximal size. In one example, the enclosure is intended for use with a
maximum screen size of 82 inches (measured diagonally), although it is evident
that this is merely an illustrative example and is based on economically feasible
technology as of the date of this patent specification. It is understood that rapid
advances in video technology may soon result in economically viable screen
sizes larger than this. In general, the structure may be scaled up or down within
a range commensurate with available technology and appropriateness to the

desired use of the device.

[0044] According to one embodiment, the enclosure is configured to be
similar to a conventional "6 sheet” size, namely a panel size of about 4X6 feet
(1200mm W x 1750mm H). This is a conventional size used for poster-type
displays incorporated into public furniture. Since conventional FPD’s sized above
20" diagonal are in a ratio of 16:9, the most appropriate to this size of FPD

would be a 70" LCD screen.

[0045] Front housing 48 is hinged to rear housing 60, preferably with a
top-mounted hinge to permit front housing 48 to open by swinging upwardly, to
permit replacement of the FPD, if required. Front housing 48 is sealed to rear
housing 60, for example with a gasket or the like, and is securely latched and

locked to prevent unauthorized access.

[0046] Front housing 48 may include a frame or mask 62, which may be
mounted to the interior of the front panel to selectively form an opaque border
around the clear front panel (see Figure 1). This reduces the effective clear
viewing area of the panel, to permit smaller screens to be mounted within the
enclosure, while blocking the clear area of the panel surrounding the video

screen.
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[0047] Rear housing 60 comprises tapered side walls 64, converging
rearwardly to permit adjacent enclosures 40 to be mounted within a display
structure at an acute angle of about 60 degrees (in the case of a triangular
structure) relative to each other. The angle will depend on the desired display
module configuration. Upper and lower panels 66 and 68 of rear housing 60 are
optionally horizontal or sloped. The enclosure includes a vertical rear panel 70,
within which is mounted an openable rear access panel 72 to permit access to

the interior of the enclosure, for example to access the electronic components.

[0048] An environment control unit (ECU) 74 or other air tempering unit is
housed within an ECU enclosure 75, which projects rearwardly from rear panel
70. Preferably, ECU enclosure 75 is located towards the top of the unit 40 to
enhance its cooling capabilities. In this embodiment, enclosure 40 is
substantially sealed, and ECU 74 effectively re-circulates the air within the
enclosure interior. A heat exchanger or air conditioner 76 within ECU 74
discharges waste heat to the exterior of the enclosure. For example, ECU 74
may include a 7,000 BTU a/c unit.

[0049] As seen in Figure 7, ECU housing 75 comprises an ambient air
compartment 79 open to the exterior of enclosure 40 and a closed loop
compartment 81 open to the interior of enclosure 40. The respective
compartments 79 and 81 form separate manifolds that are sealed relative to
each other. A heat exchanger or a/c unit 76 cools the air within closed loop
compartment 81, and exhausts the excess heat through ambient air
compartment 79, via vents 83 within housing 75, which are open to the external
environment. Vents 83 permit ambient air to circulate through the ambient air

compartment 79 of ECU housing 75.

[0050] ECU 74 includes a contro! system which is responsive to signals
from various monitors and sensors, including a monitor which measures power
consumption of the electrical systems associated with the enclosure and
temperature within the enclosure. ECU 74 provides thermal management of the
internal environment within enclosure 40, in response to inputs from said
monitors and sensors and pre-programmed values including the operating

temperature range of the video screen, the expected solar heating of the

SEC et al. v. MRI
SEC Exhibit 1022.3758
IPR2023-00221



WO 2009/135308 PCT/CA2009/000629
-11-
enclosure, which depends in part on the relative size and thermal characteristics
of the glazed front panel, as well as the characteristics of the enclosure material,

and the expected outdoor temperatures in the selected environment.

[0051] ECU 74 controls the air circulation components of the system to
provide thermal control within a selected range. With known conventional LCD
screens, a suitable operating temperature range is about 10-40°C or 5-40°C . It
is also contemplated that the circulation fans 84 and/or 90 may be left
permanently on, with the air conditioner and optionally the heater being
switchable in response to the temperature within the enclosure. In extreme
environments, a UPS is included to maintain the operation of air circulation fans
to return the internal temperature of the enclosure to ambient in the event of a
power failure. Thermal interlocks are also provided to prevent the opening of the
doors before the internal temperature of the unit has returned to ambient to

prevent the formation of condensation.

[0052] ECU 74 controls the environment inside the enclosure 40 so that FPD
100 is protected from variations in local weather conditions. For cooling in hot
weather, or high solar loading, the ECU controls the removal of heat, for example by
switching or controlling of the speed of heat modulating components including fans,
air conditioners, heat exchangers, heat pipes, thermo-electric modules, motorized
vents, or motorized solar shields. For heating in cold weather the ECU controls the
addition of heat from electric heaters, or other sources of heat. In addition it may
delay the application of power to other modules in the digital display until they have
been heated to an acceptable temperature for reliable operation, referred to as “cold
start” control. The ECU may also control the timing of power to other units, such as
display backlights, so they are energized in an orderly and acceptable manner. The
other functions of the ECU are to signal alarm conditions, such as but not limited to,
intrusion alarm, high or low internal temperature, failure of cooling or heating
devices, high shock or vibration, water ingress, smoke, display failure, or failure of
the ECU controlier itself. ECU 74 operates relatively quietly, in order to minimize the

noise generated by the device.
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[0053] FPD 100 is mounted within the rear housing 60. FPD 100 is
mounted to maintain an air gap between its front face and front panel 50, and
its rear face and the rear panel 70, and also around the upper and lower edges
of the FPD. The air gap is essentially unobstructed across the full height of the
FPD, to permit an air flow to pass over both sides of the FPD. FPD 100 is
mounted within enclosure 40 by any suitable mounting means. For example,
FPD 100 may be rear mounted by means of a Vesa™ mount, or mounting means
may attach the periphery of FPD 100 in the case of open frame monitors. The
gap between the FPD and front panel 50 may be approximately 1 inch, and the

upper and lower gaps may be approximately 3 inches.

[0054] One or more fan banks 84 and 90 circulate air within the interior of
enclosure 40. Fan bank 84 draws air through the space between front surface of
FPD 100 and front panel 50, while fan bank 90 draws air through the space
between the rear surface of FPD 100 and the rear wall of enclosure 40. Each fan
bank 84 and 90 consists of at least one electrical fan, mounted within a fan
housing. The combined airflow from fan banks 84 and 90 are directed through
opening 92 within the rear of enclosure 40, and enters into closed loop
compartment 81. The airflow is cooled by heat exchanger 76, and the cooled
airflow then exits through discharge vent 101. A wedge-shaped baffle 88
protruding from the backside of the video monitor splits the air current into
upper and lower streams, both of which flow over and chill the backside of FPD
100. The upper air stream is drawn through fans 90 for recirculation. The lower
air stream flows downwardly, and contacts baffle 86, which serves as a cold air
turning vane, at the base of enclosure 40. The lower stream flows downwardly
towards the base of the enclosure, where baffle 86 channels the cool airflow
through the lower gap between the base of the FPD 100 and the enclosure. This
air current then flows upwardly through the gap between FPD 100 and the front
panel 50. As the airflow passes over the upper edge of FPD 100, it is drawn
through circulation fans 84, to be recirculated through ECU 74.

[0055] The present system is modular in structure, wherein each enclosure
40 may be separately assembled off site and shipped, along with the frame

members and other systems components, for on-site assembly. Assembly is
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relatively simple, with each individual enclosure 40 comprising a “plug and play”
unit which need only be plugged into the power and video signal lines or a

wireless network.

[0056] Optionally, the display module 10 may be configured as a cubical or
rectangular structure or alternately individual video screen enclosures may be
mounted to a ceiling or floor. Other variations include back to back or side by

side mounting, or surrounding a structural column.

[0057] Optionally, the enclosure includes an audio system (not illustrated).
In order to provide a clear audio output without the need for external speakers,
a transducer is provided to effectively transform front panel 50 into a sound
driver. This may be provided, for example, with a Panasonic™ ambient speaker
system, in which a full range transducer type mechanism is attached directly to
the from glass panel with an adhesive pad, attached directly to the internal glass
face of the display. This permits a clear audio capability without the need for

openings in the sealed enclosure.

[0058] Both open frame and finished commercial screens can be housed in
the enclosure. In one aspect, a high output LCD monitor, such as an MRI
brightness-enhanced open-frame 70” Samsung ™ monitor is used, which is
effective in direct or near-direct sunlight. However, any suitable digital screen
may be used in the system, and the existing screen within a unit may be

replaced or upgraded.

[0059] The present system may include hardware and software that
permits local or remote (web enabled) monitoring , control, and populating the
FCD with user selectable advertising material, which may include material
presented in display formats that are universally accepted and commonly used in

the outdoor advertising industry.

[0060] The video and audio signals for the display strcuture 10 may
originate from a common source, to permit identical video images to be
displayed on all screens, or alternatively the displays and speakers may be

separately controlled. The signals may comprise pre-programmed signals, which
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may be provided by way of audio visual playback devices mounted within the
individual enclosures or within the interior of the display systems. Alternatively,
the audio and/or audio-visual signals may be transmitted remotely, by wireless
or non-wireless means. The programming may be either pre-programmed, for
example displaying advertisements on a continuous loop, or may be remotely
programmed by manual or automatic control. Remotely sourced signals may be
transmitted to the displays by any suitable means including wireless
transmission or fibre optic transmission means. All such means for supplying
visual or audio-visual signals to the system are contemplated within the scope of

this invention and would be known to persons of ordinary skill in the art.

[0061] The structure 10 may include a player module 600, comprising a
hardened computer unit and associated hard drive which together control the
digital content displayed on the FPD’s 100. The player module communicates
with a remote command centre. This enables content selected at one or more
remote centres to be displayed on the screen. The player module may store
such data temporarily. The player module also functions as a monitoring unit, to
signal local conditions and data back to the command centres, such as the
correct functioning of the display screen. By way of non-limited examples, the
system permits users to customize the display of advertising content which can
be controlled with user selectable criteria, such as the physical location of the
device, the time and date, point of sale data, and product inventory information.
In addition the player can be used to facilitate local communication with devices,
such as, but not limited to, hand-held IR remotes, for local data input or for set-
up or maintenance purposes. Further, it may also be used to relay audience
conditions at the local site to the command centres. The remote command may
be situated at one or more locations, or from sites on the Internet or a private
data network, or even from mobile sites with access to such computer networks.
The communication method between the Player and the remote command centre
can be any high speed digital communication media, such as but not limited to,
hard-wired Ethernet, wireless Internet, broadband-over-power, fiber, etc. The
communication interface may be a separate module, or may be incorporated into

the player module.
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[0062] Optionally, at least one of the sides of the system consists of or

includes a backlit poster-type display in place of an enclosure 40.

[0063] According to a second embodiment, shown in Figure 9, one or more
enclosures 40 can be incorporated within a transit shelter 102. In this aspect,
posts 20 may provide structural support for the shelter, thus integrating the
video display with the shelter. The video system thus provides both structural
support and shelter from the elements, in addition to the video display.

[0064] Figure 10 illustrates a third embodiment consisting of a single or
double-sided floor-standing (street-level) display 104 composed of either a
single enclosure 40, or dual enclosures 40 arranged back-to-back. Figure 11
illustrates a fourth embodiment, consisting of a one-sided, wall-mounted display
106. Figure 12 illustrates a fifth embodiment, consisting of a two-sided, ceiling
mounted display 108. The preceding systems of Figures 10-12 comprise one or
two enclosures 40 as generally described above, wherein the enclosures are
mounted within a frame 110 which supports the enclosure(s) in a suitable

configuration.

[0065] A sixth embodiment is shown in Figures 13-22. In this version,
enclosure 40 is adapted for maintaining a suitable operating temperature within
its interior without the need for active cooling by an air conditioner or other heat
exchanger, by generating a flow of ambient air through the enclosure. The
enclosure consists of front and rear housings 200 and 210 which open like a
clamshell, connected together with a removable hinged connection means,
described below in more detail. Rear housing 210 encloses the FPD 100 and the
ventilation components described herein, and front housing 200 includes the
clear viewing pane! 50. A pliable gasket where housings 200 and 210 meet

provides a watertight seal.

[0066] The hinged connection means between the housings 200 and 210 is
disposed horizontally along their respective upper edges to permit the front
housing to swing away from the rear housing. The connection consists of
opposed mutually engaging flanges 212 and 214. A first flange 212 extends

forwardly from rear housing 210 with an outer portion which projects upwardly.
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Flange 214 extends rearwardly from the front housing 200 with an outer portion
which projects downwardly. The respective flanges engage each other to
suspend front housing 200 in a manner that permits front housing 200 to pivot
outwardly from rear housing 210 about a horizontal axis. The respective flanges
interlock to prevent the housings from coming apart, and to lock the housings
together when the enclosure is closed. When enclosure 40 is open, the
respective flanges may be disengaged from each other by lifting the front
housing 200, thereby disengaging the mating flanges.

[0067] The front housing 200 is further attached to the rear housing 210
with a pair of gas spring struts 216, one on either side of the front housing 200
(see Figure 21). Struts 216 are provided with quick release attachment
members 218 where they join to the front housing, so that the front housing 200
can be fully disconnected from the rear housing 210, for example to replace the
glass panel 50. Struts 216 are telescoping to permit the front housing to open,
and are provided with sufficient resistance to hold to the front housing in the

open position when required.

[0068] FPD 100 is retained within a screen holder 220, seen in more detail
in Figures 18-20, which in turn is mounted within the rear housing 210. The
screen holder is configured to also channel airflow within the enclosure for
ventilation of the FPD. Screen holder 220 comprises the following components:

a) a rectangular inner frame 222 dimensioned to fit a selected FPD. The
inner frame comprises four frame members 222a-d consisting of inwardly-facing
channel shaped members to receive the edges of the FPD. The frame members
are assembled together with corner brackets 223 that fasten to frame members
222 with screws or other fastening means, to permit assembly around FPD 100.
Frame members 222a-d effectively wrap around the periphery of FPD 100,
slightly overlapping the front face thereof. Each frame member 222 also
overlaps the rear face of FPD 100, and terminates in a flange 224 which
protrudes rearwardly and includes a vertical portion.

b) a rear panel 226, having ventilation slots 228 extending horizontally
therethrough. The rear pane! 226 is mounted to flanges 224 so as to space the

rear panel from the rear face of FPD 100.
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c) an outer frame 230 which fastens to the rear panel 226, and when
mounted to the inner frame 222 via the attachment of the rear panel is spaced
from the inner frame. The outer frame 230 is composed of four outer channel-
shaped outer frame members 230a-d (only 230a-c are shown). The outer faces
232 of frame members 230 contact panel 50 when the enclosure is closed. As
well, the outer frame is configured to channel an airflow around FPD 100 to

provide ventilation.

[0069] As seen in Figure 22, screen holder 220 is retained within rear
housing 210 in a fashion which permits it to pivot outwardly from the rear
housing to permit access to the interior of the rear housing. The axis of rotation
of screen holder 220 is horizontal and is parallel to the axis of rotation of the
front housing. The retention of screen holder 220 is via mutually engaging
surfaces which operate in a fashion similar in principle to the engaging flanges
holding the front and rear housings together, whereby the screen holder is
suspended from the rear housing by means of mutually engaging flanges 240
and 242. Flange 240 projects forwardly from the rear housing and upwardly,
and flange 424 projects rearwardly from the front housing and downwardly.
The respective flanges engage each other to suspend screen holder 220 in a
pivotal engagement with the rear housing 210, while permitting release of the

screen holder by lifting the screen housing to disengage the respective flanges.

[0070] When front housing 200 is opened, FPD 100 may be swung
outwardly for access to the rear of the housing. The screen is further fastened
to rear housing 210 with a pair of gas spring struts 244 which connect the rear
panel 226 of screen holder 220 to rear housing 210. Struts 244 attach to screen
holder 220 with quick-release mounts 246 to permit FPD 100 to be readily

detached for replacement.

[0071] Front housing 200 locks to the rear housing 210 in the closed
position to prevent unauthorized access, with a robust lock that resists
tampering.

[0072] The system includes an environmental control unit ("ECU") 300,

which is shown together with its associated components in Figures 13-17, 21
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and 22. ECU 300 is housed in the rear compartment 210 behind the FPD, within
an ECU compartment 302. ECU compartment 302 is defined by a wall 303
which maintains airflow separation between the incoming air entering the ECU
compartment, and the outgoing exhaust air exiting the enclosure 40. Wall 303
extends horizontally across the interior of the enclosure 40 so as to effectively
surround the ECU. Exterior (ambient) air enters compartment 303 through
perforations 304 within the rear panel 306 of the enclosure. An inlet manifold
307 within ECU compartment 302 covers the perforated region. Inlet manifold
307 houses a semi-permeable membrane 308, such as a Gore ™ membrane that
filters the incoming air to block liquid, particulates, etc., while permitting the
inflow of air, thereby limiting the intake of moisture and contaminants into the

enclosure.

[0073] The enclosure is configured to permit air circulation around the FPD
to control its temperature within a useable range. As seen in particular in
Figures 14 and 15, internal air circulation is driven in part by the venting of
exhaust air from the enclosure, by exhaust fans 310 mounted within the rear
housing, located near the top thereof to take advantage of heat stratification
within the enclosure. Exhaust fans 310 are each housed within an exhaust
manifold 311 located at an upper corner of the rear housing. Internal air
circulation is further driven by an air circulation fan 312 focated within a
heater/blower unit 320, which in turn is mounted within the ECU compartment
302. The heater/blower unit 320 includes an air intake 324 adjacent to the
intake manifold 306 to draw air into the enclosure. Air is discharged from the
heater/blower unit 320 through an air outlet 326 adjacent to the rear panel 226
of screen holder 220 to discharge air into the interior thereof. The heater/blower
unit 320 comprises a variable speed, high capacity unit, which when operating

draws air into the ECU enclosure from the intake manifold 306.

[0074] A portion of the incoming airflow enters the heater/blower unit
while the remainder of the airflow is directly circulated into the enclosure 40
without entering the heater/blower unit. Exhaust fans 310 provide additional air
circulation by withdrawing heated air from the enclosure. The airflow from both
paths is then channeled into screen holder 220, through the openings in the rear
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panel thereof. The airflow within the screen holder follows two paths, the first
being under and around the front of FPD 100, and the second path being
upwardly along the rear face of the FPD. Both air streams are channeled
between the inner and outer FPD frames 222 and 230, which are spaced apart to
provide an airflow channel. Outer frame members 230a-d effectively form
baffles which channel the airflow around FPD 100.

[0075] ECU enclosure compartment 302 includes an exhaust manifold 311.
The air streams circulating around FPD 100 are channeled out of enclosure 40
through outlet openings 330 within rear panel 226, which feeds into manifold
311. Exhaust fans 310 discharge the heated air from the exhaust manifold 311

into the ambient air.

[0076] Air circulation through enclosure 40 is shown by the arrows in
Figure 14, wherein ambient air enters the inlet manifold 306, and passes
through membrane 308 into ECU compartment 302. A portion of the ambient
air exits compartment 302 directly through openings 228 in the screen enclosure
220, and the remaining portion passes through heater/blower unit 320, where
the air is optionally heated (if required) and accelerated by fan 312. The
combined airstreams enter the screen enclosure 220, where a portion travels
upwardly within the space between the rear surface of the FPD 100 and the rear
panel 226 of the screen enclosure. The remaining ambient airflow is deflected
around the bottom edge of the FPD and travels upwardly across the front face of
the FPD. The respective airflows then enter the exhaust manifold 311, where
they are vented by fan 310 out of the enclosure. Figure 15 represents airflow
through the enclosure, showing in particular the laminar flow achieved across
the front and rear faces of FPD 100.

[0077] The heater component within the heater/blower unit 320 is a
variable electrical resistance heater, and is particularly useful if the unit is
intended to operate in a cold climate. For use in a consistently warm
environment (such as an indoor or temperature environment) the heater may be

dispensed with.
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[0078] Operation of the control system of ECU 300 is illustrated
schematically in Figure 26. ECU derives AC current from the mains feed. AC
power passes from ECU 300 and is supplied as both DC and AC power, to
components in the system. ECU 300 includes processor 500 that comprises
firmware responsive to integral and attached external sensors. The ECU
firmware includes integrated charts with user changeable fields to set the
temperatures at which the system elements are switched. The firmware charts
control the following components:

a) the on/off temperatures of equipment connected to the AC outputs

b) the on/off temperature of heating elements in the system

c) the on/off temperature settings and run-speed of exhaust cooling

fans.

[0079] ECU 300 includes a data connection to the content player, preferably a
Mini IPX PC, with the data connection comprising an RS232 port for the transfer of

data signals from the processor.

[0080] ECU 300 can be interrogated, remotely via the data connection, from
the content player, using a “read ECU” command to view firmware charts controlling

the operation of the system.

[0081] According to a preferred control setting, the firmware is programmed to
control the heater and fans in response to the internal temperature within the

enclosure as follows:

Temp | -40C -30C -20C | -10C 0C 10C 20C 30C 40C

Heater | ON ON ON ON ON OFF OFF OFF OFF

Fans OFF OFF OFF OFF OFF OFF ON ON ON
20% 50% 100%

[0082] The firmware is programmed to turn power to the FPD off if the internal

temperature is outside the above range.
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[0083] According to one embodimezni, the architecture of the ECU and
electronic componentry is as follows:
1. Power Input
. AC mains supply feed 110V to 250V
. Main power switch — system disconnect
. Convenience outlet for peripheral equipment - optional
2. ECU - System Control Board
. AC Power feed from system disconnect switch
. AC Power distribution to all integrated equipment power supplies
. System sensors on the board, and connections for remote sensors

by cable to various positions within the enclosure (temperature,
shock/acceleration; ambient light, enclosure intrusion/security),
with ECU being responsive to signals from said sensors to shut

down power to said FPD or transmit an alarm signal to a remote

recipient
. AC power distribution and (on/off) control, heating elements
. DC power distribution and (speed) control system (exhaust) fans
. Alarm reporting function to content player

3. Power Supply or Supplies

) Integrated player board AC/DC
. LCD backlight AC/DC
4, Environmental Control = System Enclosure
. Fan heater appliance to maintain enclosure internal ambient

temperature within given parameters, determined by ECU firmware
. Speed controlled high capacity exhaust fans to remove excess heat
and maintain enclosure internal ambient temperature within given

parameters, determined by ECU firmware

5. Electronic Equipment
. Content player - Mini IPX format, ruggedized PC board, with video
output to display(s) and network connection
. Data storage device(s)
o Wireless adapter (optional)
. Network device(s)
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6. Display(s)
o LCD module with integrated backlight and T-con board LVDS
connection
. Screen driver board with video feed from content player [may be

eliminated if LVDS direct feed from player is available]

[0084] A seventh embodiment is shown in Figures 23-25, in which the
enclosure 400 includes vertical spaced apart lateral sidewalls 401, having
downwardly extending feet 402 (seen in Figs. 24 and 25). Opposed bottom and
top walls 404 and 406 and a rear panel 408 are fastened to the sidewalis 401 to
define an interior space. The rear panel 408 is removable, and gasket 409 seals
rear panel 408 to walls 404 and 406 and sidewalls 406. An FPD housing 410
installed within enclosure 400, with a gasket 414 providing a resilient seal where
the FPD housing contacts the enclosure. The FPD housing 410 is hinged to
enclosure 400 with mutually engaging flanges 500 and 502 in the same manner
as described above in connection with the 6th embodiment hereof. When

closed, the FPD housing fits within the interior of enclosure 400.

[0085] The FPD housing 410 includes a bottom wall 405. An air inlet
418, provides air access to the FPD housing through a slotted portion of the
bottom wall. The air inlet is covered with an inlet plenum 422, which houses a
semi-permeable membrane 420 to filter the incoming air as described above.
The inlet plenum 422 is retained by a removable clamp 423. An air outlet 424 is
provided within the upper wall 407 in a location opposed to inlet plenum 422 to

receive the outflow of air from the enclosure.

[0086] A battery of exhaust fans 426 is mounted to the top wall 406 of
enclosure 400. Top wall 406 includes an array of outlet openings 430 aligned
with exhaust fans 426. Outlets 430 are aligned with and directly above outlet
424, to exhaust air from the interior of FPD housing 410. A heater core 432 is
mounted to the rear panel 408 within the interior of outer enclosure 400 to
provide additional heat, when necessary. Heater core 432 comprises an
electrical resistance heater, as described above. Airflow within enclosure 400 is
further driven by a battery of circulation fans 440, mounted in a vertical row

within the interior of the enclosure. Circulation fans 440 are mounted on a
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vertical fan bracket 442, which mounts to the heater core 432. Circulation fans

440 function in a similar fashion to circulation fans 84 described above.

[0087] The airflow entering the enclosure is directed to flow over and
around the FPD so as to maintain its temperature within the desired operating
range. The fans, heating system and other active system components are

controlled by the EDU as described above.

[0088] One or more FPD power supplies 450, system controller 452, and
other electrical components are mounted to the rear panel within the interior of

the enclosure.

[0089] The enclosure 400 of the seventh embodiment may be fitted within
a video display module of any of the embodiments described above, including
without limitation a multi-sided free standing display that incorporates multiple
enclosures, or a mounted display unit. An audio system may be incorporated,
as described above, and the images on FPD may be supplied by an on-site

source or supplied remotely in the manner described above.

[0090] The present invention encompasses variations and departures from
the detailed embodiments described herein. The full scope of the invention
includes the present disclosure of the invention, including the detailed
description of embodiments, as well as the invention as set forth in the
accompanying claims, and all functional and mechanical equivalents of any

elements described herein.
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CLAIMS

1. A video screen enclosure system for displaying a flat panel video display
unit (*FPD"), comprising a housing, a front panel member mounted to said
housing with an airtight seal, said front panel member including a clear viewing
panel, means to mount said FPD within said enclosure to provide an air gap at
least partially surrounding said FPD, an air inlet to permit exterior air to enter
into said enclosure, an air outlet to exhaust air from said enclosure, air
circulation means to draw exterior air into said enclosure through said inlet and
circulate ambient air within said enclosure around said FPD, a temperature
sensor and an environmental control unit ("ECU"”) responsive to said
temperature sensor and configured to control said air circulation means to
maintain the interior temperature within said enclosure within a selected range

suitable for operation of said FPD.

2. A system as defined in claim 1 further comprising a heater to heat air

within said enclosure.

3. A system as defined in claim 2 further comprising airflow diversion means
whereby a portion of said ambient air is directed initially through said heater and

the remainder of said ambient air is directed around said FPD.

4. A system as defined in claim 1 wherein said front panel member and said
FPD are engaged to said housing with independent pivotal engagement means
configured to permit said panel member and said FPD to independently pivot
outwardly from said housing along parallel axes of rotation to permit access into

the interior of said housing.

5. A system as defined in claim 4 wherein at least one of said pivotal
engagement means comprises mutually engaging surfaces projecting from said
means to mount said FPD and said housing respectively, configured to oppose

each other and rest one upon the other.
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6. A system as defined in claim 5 wherein said mutually engaging surfaces
comprise upwardly and downwardly projecting surfaces respectively, configured

to interlock when engaged.

7. A system as defined in any one of claims 4-6 further comprising struts
connecting said panel member and said FPD to said housing to retain said panel
member and FPD in an open position, said struts having releasable mounts to

permit rapid disconnection of said FPD and panel member from said housing.

8. A system as defined in any one of claims 1-7 further comprising a semi-
permeable membrane mounted to said enclosure to filter air entering said
enclosure through said inlet, said membrane having a pore size dimensioned to

admit air while blocking liquid water.

9. A system as defined in any one of claims 1-8 further comprising means to

shut down power to said FPD when said temperature is outside said range.

10. A system as defined in any one of claims 1-9 wherein said ECU comprises

an AC power inlet, at least one AC power outlet, and at least DC power outlet.

11. A system as defined in any one of claim 1-10 further comprising one or
more sensors to detect intrusion into said enclosure, breakage of said front
panel, or movement of said enclosure, said ECU comprising means responsive to
said sensors to shut down power to said FPD or transmit an alarm signal to a

remote recipient.

12. A video screen enclosure system for displaying a flat panel video display
unit ("FPD"”), comprising a housing, a front panel member mounted to said
housing with an airtight seal, said front panel member including a clear viewing
panel, means to mount said FPD within said enclosure to provide an air gap at
least partially surrounding said FPD, means to circulate air within said enclosure
around said FPD, a temperature sensor and an environmental control unit

("ECU") responsive to said temperature sensor configured to contro! said means
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to circulate air to maintain the interior temperature within said enclosure within

a selected range suitable for operation of said FPD.

13. A system as defined in claim 12 wherein said enclosure forms a sealed
unit wherein essentially only interior air is recirculated through said ECU, and
said ECU comprises a heat exchanger or air conditioner to selectively chill said

recirculated air to maintain the interior temperature within said selected range.

14. A system as defined in claim 12 wherein said means to circulate air
includes at least one baffle configured to direct an air current around the front

and rear faces of said FPD within said enclosure.

15. A system as defined in any one of claims 12-14 wherein said means to
circulate air includes at least one blower configured to circulate air within said

enclosure.

16. A system as defined in claim 12 wherein said ECU includes a heater.

17. A system as defined in claim 12 further comprising an audio system for
projecting sound from said enclosure, said audio system comprising at least one
audio transducer in contact with said front panel whereby said front panel forms

an audio driver.

18. A system as defined in any one of claims 1-17 further comprising a flat
panel FPD.

19, A system as defined in any one of claims 1-18 further comprising a source
of digital image signals and signal transmission means to transmit said signals to

said digital display unit.

20. A display system comprising a support frame and at least one video
screen enclosure system as defined in any of claims 1-19 mounted to said frame
configured to form a multi-sided display module wherein said video screen

enclosure system forms comprises at least one side of said module.
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21. A system as defined in claim 20 wherein said frame is configured to retain

at least two of said enclosures in angled relationship to each other.

22. A system as defined in claim 21 comprising a substantially enclosed
structure defining an interior space, wherein said enclosures face outwardly from

said structure.

23. A system as defined in any one of claims 20-22 configured to form a

component of a transit shelter.

24. A system as defined any one of claims 20-23 further comprising a backlit

poster display configured to form a side of said display module.

25. A system as defined in any one of claims 20-24 configured as a triangular
structure having three generally vertically oriented rectangular sidewalls at least

one of which comprises said video screen enclosure system.
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Abstract of JP2010024624 (A}

PROBLEM TO BE SOLVED: To provide a snow-melting panal capable of reducing its
manufacturing cost and preventing the occurrence of distortion of a heat radiating board and
problems of water puddle and corrosion due fo the distortion of the heat radiating board. ;
SOLUTION: This snow-melting panel is constituted by joining a heat radiating flat plate 2
having an upper face being a heal radiating face and a flow passage forming member 10
forming a zigzag flow passage mutually by welding to make a heat medium flow between
them. The sections around the heat radiating flat plate 2 are bent into L-shape to form a bent
part 2a, which is joined with a tie plate 20 by welding. The flow passage forming member 10
is constituted by connecting a linear groove member 11 and a U-shaped groove member 13
mutually. ; COPYRIGHT: (C)2010,JPO&INPIT
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Thermal Control System for an Electronic Display

Inventors: William Dunn, Tim Hubbard, Ware Bedell

Technical Field

[0001] The exemplary embodiments generally relate to cooling systems and in
particular to cooling systems for electronic displays.

Background of the Art

[0002] Conductive and convective heat transfer systems for electronic displays
generally attempt to remove heat from the electronic components in a display through
as many sidewalls of the display as possible. In order to do this, the systems of the past
have relied primarily on fans for moving internal air within the housing past the
components to be cooled and out of the display. These components are typically
power supplies. In some cases, the heated air is moved into convectively thermal
communication with fins.

[0003] While such heat transfer systems have enjoyed a measure of success in the
past, improvements to displays and new display applications require even greater
cooling capabilities. In particular, cooling devices for electronic displays of the past
have generally used convective heat dissipation systems that function to cool only the
rear interior portion of the display. When used outdoors or in other warm environments,
this is not adequate, especially when radiative heat transfer from the sun through a
front display surface becomes a major factor. In many applications 200 Watts or more
of power through 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 surface size more heat will be generated and more
heat will be transmitted into the displays. Also, when displays are used in outdoor
environments the ambient air may contain contaminates (dust, dirt, pollen, water vapor,
brake dust, sand, smoke, etc.) which, if ingested into the display for cooling the interior
can cause damage to the interior components of the display.
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[0004] Modern displays (especially those which are used outdoors) have become
increasingly brighter, with some backlights producing 1,000-2,000 nits or more. In order
to produce this level of brightness, illumination devices such as CCFL assembilies,
LEDs, organic LEDs, 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 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] A large fluctuation in temperature is common when devices of the past are
used in outdoor environments, direct sunlight, or other difficult thermal environments.
Such temperature fluctuation adversely affects both the lifetime and the performance of
the electronic components in these devices.

Summary of the Exemplary Embodiments

[0006] While the systems of the past have attempted to remove heat only through the
non-display sides and rear components of an electronic display, a preferred
embodiment may cause convective heat transfer from the front face of the image
assembly as well (the side which faces an intended viewer). These preferred
embodiments may comprise two separate flow paths for gas through an electronic
display. A first flow path may be a closed loop and a second flow path may be an open
loop. The closed loop path travels across the front surface of the image assembly,
continues to the rear of the display where it may enter a heat exchanger, finally
returning to the front surface of the image assembly. The open loop path draws gas
(ex. ambient air) through the rear of the display (possibly through a heat exchanger)
and then exhausts it out of the display housing. A heat exchanger may be used to
transfer heat from the closed loop to the open loop and exhausted out of the display.
Optionally, the open loop may also be forced behind the image assembly (sometimes a
backlight other times an OLED or other type of image-producing assembly), in order to

cool the image assembly and/or backlight assembly (if a backlight is necessary for the
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particular type of display being used). A cross-flow heat exchanger may be used in an
exemplary embodiment.

[0007] Other embodiments relate to a system for cooling the following portions of an
electronic display, either alone or in combination: (1) power module(s), (2) backlight,
and (3) front display surface. Power modules with heat dissipating assemblies (ex. cold
plates and/or heat sinks) may be used with some embodiments where the side of the
power module containing the heat dissipating assembly is placed in the path of ambient
gas while the side of the power module containing sensitive electrical components
remains in a separate environment. An isolating structure may provide the necessary
gaseous (and sometimes particulate/contaminate) isolation between the two sides of
the power modules. The closed loop may or may not be used when cooling the power
modules with an open loop of ambient gas.

[0008] Backlights with a front and rear sides may be used with some embodiments for
LCD displays where the front side contains the illumination devices and the rear side
contains a thermally conductive surface for dissipating the heat from the illumination
devices. lIdeally, there should be a low level of thermal resistance between the front
and rear sides of the backlights.

[0009] Other embodiments may place the power modules in thermal communication
with a plurality of thermally conductive ribs where the ribs are placed in the path of
cooling air (sometimes ambient gas). The heat from the power modules is distributed
throughout the ribs and removed by the cooling air. It has been discovered that forcing
air through the relatively narrow channels defined by the ribs improves the ability to
remove heat from the power modules.

[0010] In another embodiment, both the power modules and the display backlight (or
image assembly) are in thermal communication with the ribs. In this way, a single path
of cooling air (sometimes ambient gas) can be used to cool two of the warmest
components of a typical electronic display. For example, and not by way of limitation,
LED arrays are commonly used as the illumination devices for LCD displays. 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.
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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 embodiments herein, heat buildup
can be evenly distributed across the ribs 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 illumination devices
(sometimes, but not always LEDs). In other embodiments, the image assembly (rather
than a backlight) is in thermal communication with the ribs. The image assembly may
comprise any form of electronic assembly for generating an image, including but not
limited to: LCD, light emitting diode (LED), organic light emitting diode (OLED), field
emitting displays (FED), light-emitting polymers (LEP), plasma displays, and any other
flat/thin panel displays.

[0011] The ribs may provide an isolated chamber from the rest of the display so that
ambient air can be ingested and used to cool the ribs. This is beneficial for situations
where the display is being used in an 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.

[0012] If a backlight is used with the particular display application, a backlight with
front and rear sides may be used where the front side contains the illumination devices
and the rear side contains a thermally conductive surface for dissipating the heat from
the illumination devices. Ideally, there should be a low level of thermal resistance
between the front and rear sides of the backlights. An exemplary embodiment contains
a metal core PCB with LEDs on the front side and a metallic surface on the rear side.
[0013] By the aspects described below, the exemplary embodiments herein have
made consistent cooling possible for large electronic displays, even in hot climates and
placed in direct sunlight. The embodiments also do not require any form of air
conditioner (although it may be used if desired), which reduces the space and energy

requirements for the display.
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[0014] The foregoing and other features and advantages of the exemplary
embodiments will be apparent from the following more detailed description of the
particular embodiments of the invention, as illustrated in the accompanying drawings.

Brief Description of the Drawings

[0015] A better understanding of an exemplary embodiment will be obtained from a
reading of the following detailed description and the accompanying drawings wherein
identical reference characters refer to identical parts and in which:

[0016] FIGURE 1 is a perspective view of a typical power module;

[0017] FIGURE 2 is a perspective view of two power modules installed within an
isolating structure;

[0018] FIGURE 3 is a perspective view of an embodiment where the cooling air may
be used to cool the power modules and a backlight assembly;

[0019] FIGURE 4 is a perspective view of an embodiment which is similar to that
which was shown in Figure 3 with the exception that a heat sink is now being used with
the power modules;

[0020] FIGURE 5 shows a perspective view of an embodiment where a plurality of
channels are created between the backlight assembly and the isolating structure;
[0021] FIGURE 7 shows a perspective section view of another embodiment which
uses a thermally-conductive plate and thermally-conductive ribs;

[0022] FIGURE 8 shows a perspective section view of another embodiment where the
ribs are used to distribute heat from and cool a backlight assembly;

[0023] FIGURE 9 is a rear perspective view of an embodiment where the rear cover
of the display has been removed;

[0024] FIGURE 10A is a perspective section view of another embodiment showing the
closed loop and open loop channels;

[0025] FIGURE 10B is a perspective section view similar to the view shown in Figure

10A where the rear and side covers have been removed;
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[0026] FIGURE 11 is a perspective section view of another embodiment showing inlet
and exhaust apertures for the ambient gas which is used only within the heat exchanger
and not within additional optional channels; and

[0027] FIGURE 12 is a perspective section view of an exemplary embodiment where
a cross-flow heat exchanger is used to separate high power and low power electrical

assemblies.

Detailed Description

[0028] FIGURE 1 shows one embodiment of a typical power module 7 which may be
used with some of the embodiment described herein. A printed circuit board 6 may be
attached to the power module 7 and may contain a plurality of electronic components 5
which may be necessary to operate and control the power module 7. These electronic
components 5 may include, but are no means limited to resistors, capacitors, op-amps,
wire harnesses, connectors, and inductors. A baseplate 8 may be attached to the
power module 7 and may act as a heat dissipating assembly for the power module 7,
such that heat which is generated by the power module 7 is transferred to the baseplate
8. In some embodiments there may be more components used, such as a conductive
pad located between the power module and the baseplate 8. Also, as discussed further
below, any type of heat sink or fin assembly may be used with the baseplate 8 to further
enhance its thermodynamic properties. There may be conductive pads placed between
the baseplate 8 and a heat sink assembly also.

[0029] FIGURE 2 shows two power modules installed within an isolating structure 9
which substantially prevents gaseous and contaminate communication between the two
sides of the power module. The baseplates 8 of the power modules are shown on the
side of the isolating structure 9 where surrounding-environment cooling air 4 is
designed to pass over the baseplates 8. Gaskets 11 may be used to provide a
gaseous (and/or contaminate) seal between the power modules and the isolating
structure 9. Cooling air 4 is sometimes drawn from the environment surrounding the
display. This environment may contain harmful contaminates which could damage
various electrical components in the display. These harmful contaminates include, but
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are not limited to: dust, smoke, pollen, water vapor, other harmful particulate and other
harmful gases. Thus, one of the purposes for the isolating structure 9 is to prevent the
surrounding-environment cooling air 4 from contacting some of the sensitive electronic
components of the display, including but not limited to the electronic components 5
(shown in Figure 1) which are required to operate and control the power modules. By
mounting the power modules within the isolating structure 9, surrounding-environment
cooling air 4 can be drawn into the display housing and forced over the baseplates 8
(and optional heatsinks and fins) in order to cool the power modules. This can be
accomplished without exposing sensitive electronic components to the potentially
harmful surrounding-environment cooling air 4.

[0030] FIGURES 3 and 4 show embodiments where the cooling air 4 may be used to
cool the power modules and a backlight assembly 140. These embodiments show a
backlight assembly 140 which contains a plurality of illumination devices (ex. LEDs) 141
which are mounted to a printed circuit board (PCB). An exemplary embodiment would
use a metal core PCB or any other mounting structure which would have a relatively low
level of thermal resistance so that heat can transfer from the illumination devices 141 to
the rear surface of the backlight assembly 140 where it can be removed by the cooling
air 4. The illumination devices 141 could be LED, halogen, CCFL, or any other device
which produces light. Further, a backlight assembly may not even be necessary for
some embodiments such as plasma, OLED, LEP, or FED displays. However, these
display types are also known to generate heat and where backlight cooling is described
in this application these methods could also be applied to the cooling of rear surfaces of
these electronic image assemblies. Thus, where backlight assemblies are shown, a
plasma, OLED, FED, or LEP image assembly could be substituted. The electronic
components 5 may be isolated from the cooling air 4 by using the isolating structure 9.
[0031] FIGURE 4 shows an embodiment which is similar to that which was shown in
Figure 3 with the exception that a heat sink 12 is now in thermal communication with
the power modules in order to further facilitate the transfer of heat away from the power
modules. It should of course be noted that many types of heat sinks are available
which are made of many different materials and have many different geometry types.
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Any form of heat sink is particularly contemplated with various embodiments and may
be used to satisfy different operating conditions.

[0032] FIGURE 5 shows another embodiment where a plurality of channels 15 are
created between the backlight assembly 140 and the isolating structure 9. Channel
separators 16 may be used to separate each channel 15 and provide structural rigidity
to the overall assembly. The channel separators 16 would preferably be fabricated out
of thermally conductive material so that they may also transfer heat between the
backlight assembly 140 and the isolating structure 9. A thermally conductive channel
separator 16 can also extract heat from either the backlight assembly 140 or the
isolating structure 9 and may dissipate the heat into the air moving through the channel
15. Thus, some channel separators 16 may contain fins or heat sinks in order to
facilitate heat transfer to the air moving through the channel 15.

[0033] FIGURE 6 shows a view down a single channel 15 which contains the heat
sink 12 for a power module which is mounted within the isolating structure 9. Some
channels 15 may contain power modules and others may not. A channel fan 17 may
be used to draw air through the channel 15 in order to cool the heat sink 12 (if used)
and the channel separators 16 (if thermally conductive) as well as the backlight 140 (or
LED assembly for an LED display). Each channel 15 may contain one or more channel
fans 17. Some channels may not contain a fan at all, but may rely solely on natural
convection to allow heat to rise and exit the channel. As will be discussed at length
below, the fans can be placed anywhere in the display assembly and may be used to
draw air through the channels, push air through the channels, or a combination of both.
[0034] While the display is in operation, the channel fans 17 may run continuously.
Alternatively, temperature sensing devices (not shown) may be placed in each channel
and used to measure the temperature within the channel or any of the channel
components (backlight or display assembly, isolating structure, or channel separators).
Based on data received from these temperature sensing devices, the various fans may
be selectively engaged depending on which channel requires cooling. Thus, fans 17
which draw air through channels 15 which contain power modules may run more often

or at higher speeds due to the greater amount of heat coming from the power modules.
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Also, channels which contain power modules may contain larger fans or a plurality of
fans in order to cool the channel.

[0035] FIGURE 7 shows another embodiment which uses a thermally-conductive
plate 10 and ribs 18. In one embodiment, the baseplate 8 of the power module would
be in thermal communication with the thermally-conductive plate 10. In other
embodiments, a baseplate 8 may not be used and instead, the power module 7 would
be in direct thermal communication with the thermally conductive plate 10. Due to the
thermally-conductive nature of the plate 10 and ribs 18 and the thermal communication
between them, heat which is produced by the power modules would be distributed
throughout the plate 10 and ribs 18. In an exemplary embodiment, a path of cooling air
20 (ambient gas) is used to remove the heat which has accumulated on the plate 10
and ribs 18. Alternatively, a natural convection process could also be used to allow the
heat to escape the plate 10 and ribs 18.

[0036] A plurality of mounting posts may be used to mount electronic assemblies
such as PCBs, hard drives, timing and control boards, inductors, and even the power
modules if desired. The mounting posts may also be thermally conductive so that the
heat which is generated by these electronic assemblies can also be transferred to the
plate 10 and the ribs 18 and removed by the cooling air 20.

[0037] In an exemplary embodiment, the plate 10 would provide a gaseous and
contaminate barrier between the side containing the ribs 18 (and cooling air 20) and the
side containing the mounting posts, power modules, and any other electronic
assemblies. If the plate 10 provides an adequate barrier, ambient air may be ingested
as cooling air 20 and the risk of contaminates entering the side of the plate 10
containing the sensitive electronic components may be reduced or eliminated. An inlet
aperture 25 may be used to accept the cooling air 20 and direct it along the ribs 18.
[0038] The ribs 18 shown in this embodiment contain a hollow rectangular cross-
section, but this is not required. Other embodiments may contain ribs with [-beam
cross-sections, hollow square cross-sections, solid rectangular or solid square cross-
sections, T’ cross-sections, ‘Z' cross-sections, corrugated or honeycomb cross-section,
or any combination or mixture of these. It is preferable that the ribs 18 are thermally
conductive. Metal may be used to produce the ribs 18 in some embodiments.
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[0039] FIGURE 8 shows another embodiment where the ribs 18 are used to distribute
heat from and cool a backlight assembly. The backlight assembly in this embodiment
includes a plurality of illumination devices 32 which are mounted on a thermally
conductive substrate 30. In an exemplary embodiment, the illumination devices 32
would be LEDs and the thermally conductive substrate 30 would be a PCB and more
preferably a metal core PCB. On the surface of the thermally conductive substrate 30
which faces the ribs 18 there may be a thermally conductive surface 35. In an
exemplary embodiment, the thermally conductive surface 35 would be metallic and
more preferably aluminum. It is preferred that the ribs 18 are in thermal communication
with the rear surface 35 and that the rear surface 35 is in thermal communication with
the thermally conductive substrate 30. In some embodiments however, the thermally
conductive substrate 30 may comprise traditional PCB materials rather than a metal
core PCB or any highly thermally conductive materials. It is most preferable that there
is a low level of thermal resistance between the illumination devices 32 and the ribs 18.
Cooling air 20 may again be forced along the ribs 18 in order to remove heat from the
backlight assembly. Of course, this could also occur through natural convection, but
more efficient cooling has been typically observed through forced convection. An
image assembly (such as an OLED display which may not utilize a backlight) could also
be used in place of the backlight assembly in order to cool the image assembly.

[0040] 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 throughout the various ribs and thermally-conductive
surfaces to remove hot spots and cool the backlight.

[0041] In an exemplary embodiment, the ribs 18 may be used to cool both the
backlight assembly and the power modules. In a further exemplary embodiment, the
ribs 18 can also be used to cool any additional electronic assemblies by placing them in
thermal communication with the thermally-conductive plate 10. Thus, with the ribs 18 in

a central location, the ‘front’ would be towards an intended observer of the display while
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the ‘back’ would be on the opposite side of an intended observer. Therefore, the front
side of the ribs 18 would be in thermal communication with a backlight assembly (or
other illumination or image-producing assembly) and the rear side of the ribs would be
in thermal communication with a rear plate (i.e. thermally-conductive plate 10). A single
path of cooling air can then be used to cool the interior of the display while the various
hot spots can distribute heat throughout the ribs and other thermally conductive
surfaces to provide the most efficient cooling. This can be accomplished without having
to expose sensitive electrical components to the contaminates and/or particulate of
ambient gas.

[0042] FIGURE 9 shows the rear of an exemplary electronic display 100, where the
rear cover for the display housing has been removed in order to show the internal
components. In this embodiment, fan assemblies 102 and 103 for a closed loop of
circulating gas may be placed along two opposing edges of a heat exchanger 101.
Preferably, fan assembly 102 is the inlet for the heat exchanger and fan assembly 103
is the exit for the heat exchanger 101. These assemblies can optionally be reversed
however, where fan assembly 103 is the inlet and fan assembly 102 is the exit. Further,
both assemblies 102 and 103 are not required. Some embodiments may use only one
fan assembly for the closed loop of circulating gas. If only one fan assembly is used, it
is preferable to place the fan assembly at the inlet of the heat exchanger 101, so that
the circulating gas is ‘pulled’ across the front of the image assembly and pushed
through the heat exchanger 101. This is not required however; other embodiments may
pull the isolated gas through the heat exchanger 101. Other embodiments may push
the isolated gas across the front of the image assembly. Fan assemblies 104 and 105
for an open loop of ambient gas may be placed along two opposing edges of the
display housing. Again, both assemblies 104 and 105 are not required as some
embodiments may use only one assembly and may use the open loop fan assemblies
in a push or pull design. Therefore, when referring to the placement of the various fan
assemblies, the terms ‘push’, ‘pull’, force’, and ‘draw’ will be used interchangeably and
any orientation may be used with the various embodiments herein.

[0043] The circulating gas which is being forced by the closed loop fan assemblies is

primarily circulating around the display. For example, the circulating gas travels in a
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loop where it contacts the front surface of the image assembly (see Figures 10A-10B)
and transfers heat from the image assembly to the circulating gas. The circulating gas
is then preferably directed (or forced, pulled, etc.) into the heat exchanger 101 in order
to transfer heat from the circulating gas to the ambient gas. Afterwards, the circulating
gas exits the heat exchanger 101 and may return to the front surface of the image
assembly. The circulating gas may also pass over several electronic components 110
in order to extract heat from these devices as well. The electronic components 110
may be any components or assemblies used to operate the display including, but not
limited to: transformers, circuit boards, resistors, capacitors, batteries, power modules,
motors, inductors, illumination devices, wiring and wiring harnesses, lights, thermo-
electric devices, and switches. In some embodiments, the electrical components 110
may also include heaters, when the display assembly might be used in cold-weather
environments.

[0044] In order to cool the circulating gas (as well as optionally cooling a backlight
assembly or image assembly as taught above) ambient gas is ingested into the display
housing by the open loop fan assembly 104 and/or 105. The ambient gas may simply
be ambient air which is surrounding the display 100. In some embodiments, the
ambient gas may be air conditioned prior to being drawn into the display by one or more
air conditioning assemblies (not shown). Once the ambient gas is ingested into the
display, it may be directed (or forced) through the heat exchanger 101 and optionally
also across the rear surface of the backlight assembly or image assembly (see Figures
10A-10B) or though ribs/channels as shown above or across power modules as shown
above. By using the heat exchanger 101, heat is transferred from the circulating gas to
the ambient gas. The heated ambient gas is then expelled out of the display housing.
[0045] Although not required, it is preferable that the circulating gas and ambient gas
do not mix. In a preferred embodiment, the heat exchanger 101 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 101 may be a cross-flow,
parallel flow, or counter-flow (tube-within-a-tube or otherwise) heat exchanger. In an
exemplary embodiment, the heat exchanger 101 would be a cross-flow and would be

comprised of a plurality of stacked layers of thin plates. The plates may have a
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corrugated or honeycomb design, where a plurality of channels or pathways 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, gas may
enter the heat exchanger only through plates whose channels or pathways travel
parallel to the path of the gas. Because the plates are alternated, the closed loop and
ambient gases 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).

[0046] In an alternative design, an open gap may be placed in between pairs of
channelized or honeycomb plates. The open gap may travel in a direction which is
perpendicular to the channels of the plates. This open gap 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 channels in
the adjacent plates. Thus, gas may travel through the open gap (parallel to the strips or
tape) but would not pass through the open gap in a direction which is perpendicular to
the strips or tape (parallel to the channels of the adjacent plates).

[0047] 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.

[0048] An exemplary heat exchanger may have plates where the sidewalls are
relatively thin so that heat can easily be exchanged between the two paths of gas. A
plurality 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.
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
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large amount of surface area relative to the small material 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 or honeycomb plastic may be used for each plate layer.

[0049] As mentioned above, both inlet and exit fan assemblies are not required for the
embodiments. Alternatively, only a single fan assembly may be used for each loop.
Thus, only an inlet fan assembly may be used with the closed loop and only an exhaust
fan assembly may be used with the open loop. Alternatively, one of the loops may
have both inlet and exit fan assemblies while the other loop only has either an inlet or
exit assembly.

[0050] The gas used in both loops can be any number of gaseous matters. In some
embodiments, air may be used as the gas for both loops. Preferably, the gas which
travels through the closed loop should be substantially clear, so that when it passes in
front of the image assembly it will not affect the appearance of the image to a viewer.
The gas which travels through the closed loop should also be substantially free of
contaminates and/or particulate (ex. dust, dirt, pollen, water vapor, smoke, etc.) in order
to prevent an adverse effect on the image quality and damage to the internal electronic
components. It may also be preferable to keep the gas within the open loop from
having contaminates. An optional filter (not shown) may be used to ensure that the air
(either in the closed or open loop) stays free of contaminates. However, in an
exemplary embodiment the open loop may be designed so that contaminates could
possibly be present within the ambient gas but this will not harm the display. In these
embodiments, the heat exchanger (and the optional path behind the image assembly or
backlight or through the ribs) is properly sealed so that any contaminates in the ambient
gas would not enter sensitive portions of the display. Thus, in these exemplary
embodiments, ingesting ambient air for the ambient gas, even if the ambient air
contains contaminates, will not harm the display. This can be particularly beneficial
when the display is used in outdoor environments or indoor environments where
contaminates are present in the ambient air.

[0051] FIGURE 10A shows a cross-section of another embodiment of a display 200.

In this figure, the rear cover 250 and side covers 251 and 252 are shown to illustrate
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one method for sealing the overall display 200. The image assembly 220 is shown near
the front of the display 200. As discussed above, the image assembly 220 may
comprise any form of electronic assembly for generating an image, including but not
limited to: LCD, light emitting diode (LED), organic light emitting diode (OLED), field
emitting displays (FED), light-emitting polymers (LEP), plasma displays, and any other
flat/thin panel displays. The front display surface 221 is placed in front of the image
assembly 220, defining a channel 290 through which the circulating gas may flow. The
front display surface 221 may be any transparent material (glass, plastic, or composite)
and may comprise several layers for polarizing light, reducing glare or reflections, and
protecting the internal display components. In an exemplary embodiment, the front
display surface 221 would comprise two panes of glass which are laminated together
with optical adhesive (preferably index-matching). Further, a polarizing layer may be
attached to one of the panes of glass in order to reduce the internal reflections and
solar loading on the image assembly 220. It is most preferable that the polarizing layer
be attached to the inner surface of the front display surface 221 (the one facing the
closed loop channel 290) and also contain an anti-reflective (AR) coating.

[0052] For the embodiment shown in Figure 10A, the image assembly 220 may be
an LCD stack with a backlight assembly 222. Some backlights may use cold cathode
fluorescent lamps (CCFLs) to produce the illumination necessary for generating an
image. In an exemplary embodiment, the backlight assembly 222 would comprise a
printed circuit board (PCB) with a plurality of LEDs (light emitting diodes) on the front
surface. As discussed above, an exemplary embodiment would have a low level of
thermal resistance between the front surface of the backlight assembly 222 and the
rear surface 223 of the backlight. A metallic PCB may be used for this purpose. The
rear surface 223 of the backlight may contain a thermally conductive material, such as
a metal. Aluminum may be an exemplary material for the rear surface 223. A second
surface (or plate) 224 may be placed in close proximity behind the rear surface 223 of
the backlight assembly 222. The space between the rear surface 223 of the backlight
and the second surface 224 may define an additional optional open loop channel 225

through which ambient gas may travel in order to cool the backlight assembly 222. This
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open loop channel 225 may be similar to the channel 15 shown above, except open
loop channel 225 may be narrower.

[0053] FIGURE 10B shows the same cross section from Figure 10A with the rear
cover 250 and side covers 251 and 252 removed and the closed and open loop air
flows shown for explanatory purposes. The closed loop fan assembly 202 is used to
propel the circulating gas 210 around the closed loop. A first open loop fan assembly
203 may be used to draw ambient gas 211 through the heat exchanger 201.
Optionally, a second open loop fan assembly 204 may be used to draw ambient gas
212 through the optional channel 225 for cooling the backlight assembly 222. The
optional second open loop fan assembly 204 can also be used to exhaust ambient gas
which has traveled through the heat exchanger 201 and through the channel 225. If a
second open loop fan assembly 204 is not used, the first open loop fan assembly 203
may be used to exhaust the ambient gas 211 that has traveled through the heat
exchanger 201.

[0054] As noted above, in an exemplary embodiment the ambient gas does not mix
with the circulating gas. It may be important for the image quality that the circulating
gas remains free of particulate and contaminates as this gas travels in front of the
image assembly 220. Since gas for the open loop may contain various contaminates, a
preferable embodiment should be adequately sealed to prevent the gas from the two
loops from mixing. This is not necessary however, as filters (either removable or
permanent) may be used to minimize the effect of particulate for both the open and
closed loops.

[0055] FIGURE 11 is a perspective section view of another embodiment of a display
assembly 600 showing inlet 60 and exhaust 65 apertures for the ambient gas 20. The
inlet aperture 60 may contain a screen or filter (removable or permanent) to remove any
particulate (although this may not be necessary). One or more fans 50 may be used to
draw the ambient gas 20 into the inlet aperture 60 and through the heat exchanger 201.
In this embodiment, the ambient gas 20 is only drawn through the heat exchanger 201
and not through any additional optional channels or ribs. This embodiment may be
used when the display assembly 80 (or backlight assembly) does not require the

additional cooling of an additional channel. For example, and not by way of limitation,
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this embodiment 600 may be used when an OLED is used as the image assembly 80.
Further, this embodiment 600 may be used when the LCD backlight is not generating
large amounts of heat because it is not required to be extremely bright (perhaps
because it is not used in direct sunlight). Still further, this embodiment may be used
when the ambient gas 20 contains particulate or contaminates which may damage the
display. In these situations, it may be desirable to limit the exposure of the display to
the ambient gas 20. Thus, in these situations it may be desirable to only ingest ambient
gas 20 into the heat exchanger 201 and not through any additional cooling channels.
[0056] In some embodiments, the ambient gas 20 may be air conditioned (or
otherwise cooled) before it is directed into the heat exchanger 201. A front display
surface 221 may be used to create an anterior (front) wall of the channel 290 and/or
protect the image assembly 80 from damage. An exemplary front display surface 221
may be glass. Another embodiment for the front display surface 221 may be two panes
of glass which are laminated together using optical adhesive. Solar loading (radiative
heat transfer from the sun through the front display surface 221 may result in a heat
buildup on the image assembly 80 (ex. OLED or LCD assembly). This heat may be
transferred to the circulating gas, where this heat may then be transferred to the
ambient gas 20 and expelled from the display. The image assembly could be any one
of the following: LCD, plasma display assembly, OLED, light emitting polymer (LEP)
assembly, organic electro luminescence (OEL) assembly, or LED display assembly.
[0057] FIGURE 12 shows an exemplary embodiment where a circulating gas 400 is
forced between a front display surface 221and an image assembly 80 and then through
a heat exchanger 201 in order to remove at least a portion of the heat absorbed from
the image assembly 80 and front display surface 221. The circulating gas 400 may be
propelled by a closed loop fan assembly 410. The heat exchanger 201 may accept
circulating gas 400 in one direction while accepting ambient gas 310 in a substantially
perpendicular direction such that heat may transfer between the two gases.

[0058] In this embodiment, an optional additional flow of ambient gas 300 is accepted
through the inlet aperture 350 and directed along channel 225 in order to cool the rear
portion of the image assembly 80 (possibly a backlight). This embodiment uses a set of

ribs 18, similar to the designs shown above in Figures 7 and 8. This embodiment also
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uses a thermally-conductive plate 10, similar to the one shown in Figure 7. When this
optional additional flow of ambient gas 300 is used, it is preferable that the anterior
(front) surface 500 of the channel 225 be thermally conductive and preferably in thermal
communication with at least a portion (preferably the rear portion) of the image
assembly 80. Inlet aperture 350 may accept both ambient gas 310 and 300, or there
may be separate inlet apertures for each flow of gas 310 and 300.

[0059] Similar to some of the previously described embodiments, the circulating gas
400 also passes over electronic assemblies in order to accept heat from these
electronic assemblies. In this exemplary embodiment, the electronic assemblies have
been separated by the heat exchanger 201 into two groups. The first group of
electronic assemblies 900 may be considered the high power assemblies and may
include but are not limited to: power modules, inductors, transformers, and other power-
related devices. The second group of electronic assemblies 910 may be considered
the low power assemblies and may include but are not limited to: timing and control
boards, hard drives and other storage devices, video cards, software drivers,
microprocessors, and other control devices. It is known to those skilled in the art that
some high power electronic assemblies can cause electrical interference with other
electronic assemblies that may be sensitive to electrical interference. Thus, in the
exemplary embodiment shown, the heat exchanger 201 is used to separate the lower
power electronic assemblies 910 from the high power electronic assemblies 900 to
ensure a minimum amount of interference between the two. Further, some high power
electronic assemblies 900 are known to also generate heat. This heat may be
transferred to the circulating gas 400 prior to introducing this gas into the heat
exchanger 201. In the exemplary embodiment shown, ambient air can be ingested as
the ambient gas 310 and there is little risk of damage to the electrical assemblies 910
and 900 because the ambient gas 310 would preferably never contact these electrical
assemblies. However, the electrical assemblies 910 and 900 will remain cool (as well
as clean and dry) because of the cross-flow from the circulating gas 400.

[0060] The cooling system described herein 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
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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. The speed of the various fan assemblies can also be varied
depending on the temperature within the display.

[0061] It should be particularly noted that the spirit and scope of the disclosed
embodiments provides for the cooling of any type of electronic display. 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 thin/flat panel 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 large 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, kitchens, bathrooms) where
thermal stability of the display may be at risk.

[0062] It should also be noted that the variety of cooling channels that are shown in
the figures may be shown in a horizontal or vertical arrangement but it is clearly
contemplated that this can be reversed or changed depending on the particular
embodiment. Thus, the closed loop may run horizontally or vertically and in a clock-
wise 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.

[0063] 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
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
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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. A cooling system for an electronic image assembly having a front and back portion,
the system comprising:

a front display surface spaced apart from the front portion of the electronic image

assembly;

a channel defined by the space between the front display surface and the front

portion of the electronic image assembly;

a heat exchanger in gaseous communication with the channel, the heat
exchanger having first and second gas pathways, where the first gas

pathway is in gaseous communication with the channel;

a first fan assembly positioned so as to force circulating gas through the channel
and the first gas pathway; and

a second fan assembly positioned so as to force ambient gas through the

second gas pathway.

2. The cooling system of claim 1 wherein:

the heat exchanger is a cross-flow heat exchanger.

3. The cooling system of claim 1 further comprising:
a plate spaced apart from the rear portion of the electronic image assembly;

a second channel defined by the space between the plate and the rear portion of

the electronic image assembly; and

wherein the second fan assembly is further positioned so as to force ambient
gas through the second channel.
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4. The cooling system of claim 3 further comprising:

a power module in electrical communication with the electronic image assembly;

and

a heat sink in thermal communication with the power module and placed within

the second channel.

5. The cooling system of any one of claims 3 or 4 further comprising:

a plurality of ribs placed within the second channel.

6. An electronic display assembly comprising:
an electronic image assembly;
an isolating structure space apart from the electronic image assembly;

a channel defined by the space between the isolating structure and the

electronic image assembly;

a power module having electronic components on a first side and a heat sink on
the second side, where the power module is attached to the isolating
structure so that the heat sink is within the channel and the electronic

components are outside the channel; and

a fan positioned so as to draw ambient gas through the channel.

7. The electronic display assembly of claim 6 further comprising:
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a rib placed within the channel and in thermal communication with the isolating

structure.

8. The electronic display assembly of claim 7 further comprising:

a surface placed within the channel and in thermal communication with the

electronic image assembly and the rib;

9. The electronic display assembly of any one of claims 6, 7, or 8 wherein:

the electronic image assembly is a liquid crystal display.

10. The electronic display assembly of any one of claims 6, 7, or 8 wherein:

the electronic image assembly is an OLED display.

11. An electronic display assembly comprising:
an electronic image assembly having a front and rear portion;

a surface on the rear portion of the electronic image assembly and in thermal

communication with the electronic image assembly;
a plate spaced apart from the surface;
a first channel defined by the space between the plate and the surface;

a power module in electrical communication with the electronic image assembly

and in thermal communication with the plate; and

a first fan positioned so as to draw ambient gas through the first channel.
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12. The electronic display assembly of claim 11 further comprising:

a rib placed within the first channel and in thermal communication with the plate
and the surface.

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

a front display surface spaced apart from the front portion of the electronic image
assembly;

a second channel defined by the space between the front display surface and
the front portion of the electronic image assembly;

a heat exchanger in gaseous communication with the second channel, the heat
exchanger having first and second gas pathways, where the first gas

pathway is in gaseous communication with the second channel;

a second fan positioned so as to force ambient gas through the second gas
pathway; and

a third fan positioned so as to force circulating gas through the second channel

and the first gas pathway.

14. The electronic display assembly of any one of claims 11 through 13 wherein:

the electronic image assembly is a LCD.

15. The electronic display assembly of any one of claims 11 through 13 wherein:

the electronic image assembly is an OLED.
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COOLING APPARATUS FOR USE IN FLAT DISPLAY DEVICE
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Abstract of corresponding document: CN1S6G818 {8}

There is provided a cooling apparatus for a flat display device, The cooling apparatus
includes a flat dispiay module, a front cover for protecting a front portion of the flat
display module, a back cover for proteciing a rear portion of the flatl display module, an
air inlet formed on g portion of the back cover {0 allow sxternal air to be introduced into
the back cover, an air outlet formed on another portion of the back cover and axtending
along a longitudinal length of the #at pane! display module; a8 fan disposed inside the
back cover and aligned with the air outle! formed on the back cover, and an air cutlst
channel formed in the back cover and aligned with the air outlet formed on the badk
cover, the air outiet having an effective exhaust area having a longitudinal length
extending in a longitudinal direction of the flat display moduls.
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FIG-4

(57) Abstract: A system for cooling an
electronic image assembly, One embod-
iment of the system contains a plurality
of charncls placc behind the clectronic
image assembly and preferably in con-
ductive thermal communication with
the image assembly. Ambient gas is in-
gested into the display housing and di-
rected to a manifold which distributes
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nels. Another embodiment of the sys-
tem uses a heat exchanger with an inter-
nal fan assembly. Circulating gas may
also be used to cool a front portion of
the electronic image assembly or any
other internal cavity of the electronic
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may be drawn through a heat exchanger
so that heat may be transferred to an
ambient gas. The heat exchanger may
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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 exitremely bright, with some
backlights producing 1,000-2,000 nits or more. Sometimes, these illumination levels
are necessary because the display is being used outidoors, 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] &itill 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 amaount 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
pravide 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.

[0018] 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
ancther 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 bcth 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 €0 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 I-beam cross-sections, hollow square cross-sections, hollow
rectangular cross-section, solid rectangular or solid square cross-sections, ‘T’ cross-
sections, ‘Z’ cross-sections, a honeycomb cross-section, or any combination or mixture
of these. The channels 60 are preferably thermally conductive and also preferably in
thermal communication with the electronic image assembly 50. Thus, in a preferred
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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 elecironic 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 anather 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 cver 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
crass through plate 500. In this embodiment, the cross through plate 500 is comprised
of a plurality of hollow blocks 503 sandwiched between a top plate 501 and bottom
plate 502 with sections of the plates 501 and 502 removed to correspond with the
hollow sections of the blocks 503. A portion of the top plate 501 has been removed to
show the detail of the hollow blocks 503, first series of voids 550, and second series of
voids 525. The cross through plate 500 could take on any number of forms and could
be constructed in a number of ways. Some other embodiments may use a solid plate
where the first and second series of voids 550 and 525 are cut out of the solid plate.
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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 gaseocus 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

14

SEC et al. v. MRI
SEC Exhibit 1022.3932
IPR2023-00221



WO 2011/140179 PCT/US2011/035120

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
spats 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 thase 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. [t may sometimes be
preferable to keep ambient gases 200 and 210 from having contaminates as well.
Filters may be used t0 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 praperly 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:
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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 & 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.

28. 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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Heat radiation module for display card
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Abstract of CNITO2383 {¥Y}

The utility model! relales {0 a heal radiation module for a display card which is a heat
radiation module which can effectively decrease the operating lemperature of the
display card. A first heat radiation fin part and a second heat radiation fin part are
arranged on the heat radiation module Tor a display card. A concave holding fan partis
arranged betweaen the first heat radiation fin part and the second heat radiation fin part.
At least one radiation fan s vertically arranged in the holding fan part. The height of the
heat radiation module can be effectively decreased because the radiation fan is deeply
arranged in the heat radiation module, When the radiation fan rotates, the convedction
current between the thermal current in the first heal radiation fin parl and the second
heat radiation fin part and the outside air can be accelerated. The heat on the heat
radiation module is quickly emitled. The radiation efficiency of the display card is
raised.
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A conling assembily for an electronic image assembly and a display assembly
containing the same. Some embodimants use ambisnt gas (o cool power modules
and/or an image assembly (sometimes backiight). Other embodiments use a closed
fcop of circulating gas which passes across the front surface of an image assembly and
through a heat exchanger. An open loop passes through the heat exchanger and
extracts heat from the ciroulating gas. Ambient air may be used as the ambient gas. An
optional additiona! channal may be used o cool the back portion of the image
assembly or backlight with ambient gas. Some embodiments alse use thermally
conductive plates and ribs to distribute the heat and avoid hot spots in the display. The
cooling assembly can be used with any type of electronic assembly for producing an
image.
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(57) Abstract: A cooling assembly for an electronic image as-
sembly and a display assembly containing the same. Some em-
bodiments use ambient gas to cool power modules and/or an
image assembly (sometimes backlight). Other embodiments
use a closed loop of circulating gas which passes across the
front surface of an image assembly and through a heat ex-
changer. An open loop passes through the heat exchanger and
extracts heat from the circulating gas. Ambient air may be
used as the ambient gas. An optional additicnal channel may
be used to cool the back portion of the image assembly or
backlight with ambient gas. Some embodiments also use ther-
mally conductive plates and ribs to distribute the heat and
avoid hot spots in the display. The cooling assembly can be
used with any type of electronic assembly for producing an
image.
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Thermal Control System for an Electronic Display

Inventors: William Dunn, Tim Hubbard, Ware Bedell

Technical Field

[0001] The exemplary embodiments generally relate to cooling systems and in

particular to cooling systems for electronic displays.

Backaground of the Art

[0002] Conductive and convective heat transfer systems for electronic displays
generally attempt to remove heat from the electronic components in a display through
as many sidewalls of the display as possible. In order to do this, the systems of the past
have relied primarily on fans for moving internal air within the housing past the
components to be cooled and out of the display. These components are typically
power supplies. In some cases, the heated air is moved into convectively thermal
communication with fins.

[0003] While such heat transfer systems have enjoyed a measure of success in the
past, improvements to displays and new display applications require even greater
cooling capabilities. In particular, cooling devices for electronic displays of the past
have generally used convective heat dissipation systems that function to cool only the
rear interior portion of the display. When used outdoors or in other warm environments,
this is not adequate, especially when radiative heat transfer from the sun through a
front display surface becomes a major factor. In many applications 200 Watts or more
of power through 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 surface size more heat will be generated and more
heat will be transmitted into the displays. Also, when displays are used in outdoor
environments the ambient air may contain contaminates (dust, dirt, pollen, water vapor,
brake dust, sand, smoke, etc.) which, if ingested into the display for cooling the interior
can cause damage to the interior components of the display.
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[0004] Modern displays (especially those which are used outdoors) have become
increasingly brighter, with some backlights producing 1,000-2,000 nits or more. In order
to produce this level of brightness, illumination devices such as CCFL assemblies,
LEDs, organic LEDs, 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 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] A large fluctuation in temperature is common when devices of the past are
used in outdoor environments, direct sunlight, or other difficult thermal environments.
Such temperature fluctuation adversely affects both the lifetime and the performance of

the electronic components in these devices.

Summary of the Exemplary Embodiments

[0006] While the systems of the past have attempted to remove heat only through the
non-display sides and rear components of an electronic display, a preferred
embodiment may cause convective heat transfer from the front face of the image
assembly as well (the side which faces an intended viewer). These preferred
embodiments may comprise two separate flow paths for gas through an electronic
display. A first flow path may be a closed loop and a second flow path may be an open
loop. The closed loop path travels across the front surface of the image assembly,
continues to the rear of the display where it may enter a heat exchanger, finally
returning to the front surface of the image assembly. The open loop path draws gas
(ex. ambient air) through the rear of the display (possibly through a heat exchanger)
and then exhausts it out of the display housing. A heat exchanger may be used to
transfer heat from the closed loop to the open loop and exhausted out of the display.
Optionally, the open loop may also be forced behind the image assembly (sometimes a
backlight other times an OLED or other type of image-producing assembly), in order to
cool the image assembly and/or backlight assembly (if a backlight is necessary for the
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particular type of display being used). A cross-flow heat exchanger may be used in an
exemplary embodiment.

[0007] Other embodiments relate to a system for cooling the following portions of an
electronic display, either alone or in combination: (1) power module(s), (2) backlight,
and (3) front display surface. Power modules with heat dissipating assemblies (ex. cold
plates and/or heat sinks) may be used with some embodiments where the side of the
power module containing the heat dissipating assembly is placed in the path of ambient
gas while the side of the power module containing sensitive electrical components
remains in a separate environment. An isolating structure may provide the necessary
gaseous (and sometimes particulate/contaminate) isolation between the two sides of
the power modules. The closed loop may or may not be used when cooling the power
modules with an open loop of ambient gas.

[0008] Backlights with a front and rear sides may be used with some embodiments for
LCD displays where the front side contains the illumination devices and the rear side
contains a thermally conductive surface for dissipating the heat from the illumination
devices. Ideally, there should be a low level of thermal resistance between the front
and rear sides of the backlights.

[0009] Other embodiments may place the power modules in thermal communication
with a plurality of thermally conductive ribs where the ribs are placed in the path of
cooling air (sometimes ambient gas). The heat from the power modules is distributed
throughout the ribs and removed by the cooling air. It has been discovered that forcing
air through the relatively narrow channels defined by the ribs improves the ability to
remove heat from the power modules.

[0010] In another embodiment, both the power modules and the display backlight (or
image assembly) are in thermal communication with the ribs. In this way, a single path
of cooling air (sometimes ambient gas) can be used to cool two of the warmest
components of a typical electronic display. For example, and not by way of limitation,
LED arrays are commonly used as the illumination devices for LCD displays. 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.
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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 embodiments herein, heat buildup
can be evenly distributed across the ribs 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 illumination devices
(sometimes, but not always LEDs). In other embodiments, the image assembly (rather
than a backlight) is in thermal communication with the ribs. The image assembly may
comprise any form of electronic assembly for generating an image, including but not
limited to: LCD, light emitting diode (LED), organic light emitting diode (OLED), field
emitting displays (FED), light-emitting polymers (LEP), plasma displays, and any other
flat/thin panel displays.

[0011] The ribs may provide an isolated chamber from the rest of the display so that
ambient air can be ingested and used to cool the ribs. This is beneficial for situations
where the display is being used in an 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.

[0012] If a backlight is used with the particular display application, a backlight with
front and rear sides may be used where the front side contains the illumination devices
and the rear side contains a thermally conductive surface for dissipating the heat from
the illumination devices. Ideally, there should be a low level of thermal resistance
between the front and rear sides of the backlights. An exemplary embodiment contains
a metal core PCB with LEDs on the front side and a metallic surface on the rear side.
[0013] By the aspects described below, the exemplary embodiments herein have
made consistent cooling possible for large electronic displays, even in hot climates and
placed in direct sunlight. The embodiments also do not require any form of air
conditioner (although it may be used if desired), which reduces the space and energy

requirements for the display.
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[0014] The foregoing and other features and advantages of the exemplary
embodiments will be apparent from the following more detailed description of the
particular embodiments of the invention, as illustrated in the accompanying drawings.

Brief Description of the Drawings

[0015] A better understanding of an exemplary embodiment will be obtained from a
reading of the following detailed description and the accompanying drawings wherein
identical reference characters refer to identical parts and in which:

[0016] FIGURE 1 is a perspective view of a typical power module;

[0017] FIGURE 2 is a perspective view of two power modules installed within an
isolating structure;

[0018] FIGURE 3 is a perspective view of an embodiment where the cooling air may
be used to cool the power modules and a backlight assembly;

[0019] FIGURE 4 is a perspective view of an embodiment which is similar to that
which was shown in Figure 3 with the exception that a heat sink is now being used with
the power modules;

[0020] FIGURE 5 shows a perspective view of an embodiment where a plurality of
channels are created between the backlight assembly and the isolating structure;
[0021] FIGURE 7 shows a perspective section view of another embodiment which
uses a thermally-conductive plate and thermally-conductive ribs;

[0022] FIGURE 8 shows a perspective section view of another embodiment where the
ribs are used to distribute heat from and cool a backlight assembily;

[0023] FIGURE 9 is a rear perspective view of an embodiment where the rear cover
of the display has been removed;

[0024] FIGURE 10A is a perspective section view of another embodiment showing the
closed loop and open loop channels;

[0025] FIGURE 10B is a perspective section view similar to the view shown in Figure
10A where the rear and side covers have been removed;
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[0026] FIGURE 11 is a perspective section view of another embodiment showing inlet
and exhaust apertures for the ambient gas which is used only within the heat exchanger
and not within additional optional channels; and

[0027] FIGURE 12 is a perspective section view of an exemplary embodiment where
a cross-flow heat exchanger is used to separate high power and low power electrical

assemblies.

Detailed Description

[0028] FIGURE 1 shows one embodiment of a typical power module 7 which may be
used with some of the embodiment described herein. A printed circuit board 6 may be
attached to the power module 7 and may contain a plurality of electronic components 5
which may be necessary to operate and control the power module 7. These electronic
components 5 may include, but are no means limited to resistors, capacitors, op-amps,
wire harnesses, connectors, and inductors. A baseplate 8 may be attached to the
power module 7 and may act as a heat dissipating assembly for the power module 7,
such that heat which is generated by the power module 7 is transferred to the baseplate
8. In some embodiments there may be more components used, such as a conductive
pad located between the power module and the baseplate 8. Also, as discussed further
below, any type of heat sink or fin assembly may be used with the baseplate 8 to further
enhance its thermodynamic properties. There may be conductive pads placed between
the baseplate 8 and a heat sink assembly also.

[0029] FIGURE 2 shows two power modules installed within an isolating structure 9
which substantially prevents gaseous and contaminate communication between the two
sides of the power module. The baseplates 8 of the power modules are shown on the
side of the isolating structure 9 where surrounding-environment cooling air 4 is
designed to pass over the baseplates 8. Gaskets 11 may be used to provide a
gaseous (and/or contaminate) seal between the power modules and the isolating
structure 9. Cooling air 4 is sometimes drawn from the environment surrounding the
display. This environment may contain harmful contaminates which could damage

various electrical components in the display. These harmful contaminates include, but
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are not limited to: dust, smoke, pollen, water vapor, other harmful particulate and other
harmful gases. Thus, one of the purposes for the isolating structure 9 is to prevent the
surrounding-environment cooling air 4 from contacting some of the sensitive electronic
components of the display, including but not limited to the electronic components 5
(shown in Figure 1) which are required to operate and control the power modules. By
mounting the power modules within the isolating structure 9, surrounding-environment
cooling air 4 can be drawn into the display housing and forced over the baseplates 8
(and optional heatsinks and fins) in order to cool the power modules. This can be
accomplished without exposing sensitive electronic components to the potentially
harmful surrounding-environment cooling air 4.

[0030] FIGURES 3 and 4 show embodiments where the cooling air 4 may be used to
cool the power modules and a backlight assembly 140. These embodiments show a
backlight assembly 140 which contains a plurality of illumination devices (ex. LEDs) 141
which are mounted to a printed circuit board (PCB). An exemplary embodiment would
use a metal core PCB or any other mounting structure which would have a relatively low
level of thermal resistance so that heat can transfer from the illumination devices 141 to
the rear surface of the backlight assembly 140 where it can be removed by the cooling
air 4. The illumination devices 141 could be LED, halogen, CCFL, or any other device
which produces light. Further, a backlight assembly may not even be necessary for
some embodiments such as plasma, OLED, LEP, or FED displays. However, these
display types are also known to generate heat and where backlight cooling is described
in this application these methods could also be applied to the cooling of rear surfaces of
these electronic image assemblies. Thus, where backlight assemblies are shown, a
plasma, OLED, FED, or LEP image assembly could be substituted. The electronic
components 5 may be isolated from the cooling air 4 by using the isolating structure 9.
[0031] FIGURE 4 shows an embodiment which is similar to that which was shown in
Figure 3 with the exception that a heat sink 12 is now in thermal communication with
the power modules in order to further facilitate the transfer of heat away from the power
modules. It should of course be noted that many types of heat sinks are available

which are made of many different materials and have many different geometry types.
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Any form of heat sink is particularly contemplated with various embodiments and may
be used to satisfy different operating conditions.

[0032] FIGURE 5 shows another embodiment where a plurality of channels 15 are
created between the backlight assembly 140 and the isolating structure 9. Channel
separators 16 may be used to separate each channel 15 and provide structural rigidity
to the overall assembly. The channel separators 16 would preferably be fabricated out
of thermally conductive material so that they may also transfer heat between the
backlight assembly 140 and the isolating structure 9. A thermally conductive channel
separator 16 can also extract heat from either the backlight assembly 140 or the
isolating structure 9 and may dissipate the heat into the air moving through the channel
15. Thus, some channel separators 16 may contain fins or heat sinks in order to
facilitate heat transfer to the air moving through the channel 15.

[0033] FIGURE 6 shows a view down a single channel 15 which contains the heat
sink 12 for a power module which is mounted within the isolating structure 9. Some
channels 15 may contain power modules and others may not. A channel fan 17 may
be used to draw air through the channel 15 in order to cool the heat sink 12 (if used)
and the channel separators 16 (if thermally conductive) as well as the backlight 140 (or
LED assembly for an LED display). Each channel 15 may contain one or more channel
fans 17. Some channels may not contain a fan at all, but may rely solely on natural
convection to allow heat to rise and exit the channel. As will be discussed at length
below, the fans can be placed anywhere in the display assembly and may be used to
draw air through the channels, push air through the channels, or a combination of both.
[0034] While the display is in operation, the channel fans 17 may run continuously.
Alternatively, temperature sensing devices (not shown) may be placed in each channel
and used to measure the temperature within the channel or any of the channel
components (backlight or display assembly, isolating structure, or channel separators).
Based on data received from these temperature sensing devices, the various fans may
be selectively engaged depending on which channel requires cooling. Thus, fans 17
which draw air through channels 15 which contain power modules may run more often

or at higher speeds due to the greater amount of heat coming from the power modules.
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Also, channels which contain power modules may contain larger fans or a plurality of
fans in order to cool the channel.

[0035] FIGURE 7 shows another embodiment which uses a thermally-conductive
plate 10 and ribs 18. In one embodiment, the baseplate 8 of the power module would
be in thermal communication with the thermally-conductive plate 10. In other
embodiments, a baseplate 8 may not be used and instead, the power module 7 would
be in direct thermal communication with the thermally conductive plate 10. Due to the
thermally-conductive nature of the plate 10 and ribs 18 and the thermal communication
between them, heat which is produced by the power modules would be distributed
throughout the plate 10 and ribs 18. In an exemplary embodiment, a path of cooling air
20 (ambient gas) is used to remove the heat which has accumulated on the plate 10
and ribs 18. Alternatively, a natural convection process could also be used to allow the
heat to escape the plate 10 and ribs 18.

[0036] A plurality of mounting posts may be used to mount electronic assemblies
such as PCBs, hard drives, timing and control boards, inductors, and even the power
modules if desired. The mounting posts may also be thermally conductive so that the
heat which is generated by these electronic assemblies can also be transferred to the
plate 10 and the ribs 18 and removed by the cooling air 20.

[0037] In an exemplary embodiment, the plate 10 would provide a gaseous and
contaminate barrier between the side containing the ribs 18 (and cooling air 20) and the
side containing the mounting posts, power modules, and any other electronic
assemblies. If the plate 10 provides an adequate barrier, ambient air may be ingested
as cooling air 20 and the risk of contaminates entering the side of the plate 10
containing the sensitive electronic components may be reduced or eliminated. An inlet
aperture 25 may be used to accept the cooling air 20 and direct it along the ribs 18.
[0038] The ribs 18 shown in this embodiment contain a hollow rectangular cross-
section, but this is not required. Other embodiments may contain ribs with |-beam
cross-sections, hollow square cross-sections, solid rectangular or solid square cross-
sections, ‘T’ cross-sections, 'Z’ cross-sections, corrugated or honeycomb cross-section,
or any combination or mixture of these. It is preferable that the ribs 18 are thermally
conductive. Metal may be used to produce the ribs 18 in some embodiments.
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[0039] FIGURE 8 shows another embodiment where the ribs 18 are used to distribute
heat from and cool a backlight assembly. The backlight assembly in this embodiment
includes a plurality of illumination devices 32 which are mounted on a thermally
conductive substrate 30. In an exemplary embodiment, the illumination devices 32
would be LEDs and the thermally conductive substrate 30 would be a PCB and more
preferably a metal core PCB. On the surface of the thermally conductive substrate 30
which faces the ribs 18 there may be a thermally conductive surface 35. In an
exemplary embodiment, the thermally conductive surface 35 would be metallic and
more preferably aluminum. It is preferred that the ribs 18 are in thermal communication
with the rear surface 35 and that the rear surface 35 is in thermal communication with
the thermally conductive substrate 30. In some embodiments however, the thermally
conductive substrate 30 may comprise traditional PCB materials rather than a metal
core PCB or any highly thermally conductive materials. It is most preferable that there
is a low level of thermal resistance between the illumination devices 32 and the ribs 18.
Cooling air 20 may again be forced along the ribs 18 in order to remove heat from the
backlight assembly. Of course, this could also occur through natural convection, but
more efficient cooling has been typically observed through forced convection. An
image assembly (such as an OLED display which may not utilize a backlight) could also
be used in place of the backlight assembly in order to cool the image assembly.

[0040] 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 throughout the various ribs and thermally-conductive
surfaces to remove hot spots and cool the backlight.

[0041] In an exemplary embodiment, the ribs 18 may be used to cool both the
backlight assembly and the power modules. In a further exemplary embodiment, the
ribs 18 can also be used to cool any additional electronic assemblies by placing them in
thermal communication with the thermally-conductive plate 10. Thus, with the ribs 18 in

a central location, the ‘front’ would be towards an intended observer of the display while

10

SEC et al. v. MRI
SEC Exhibit 1022.3981
IPR2023-00221



WO 2010/080624 PCT/US2009/068770

the ‘back’ would be on the opposite side of an intended observer. Therefore, the front
side of the ribs 18 would be in thermal communication with a backlight assembly (or
other illumination or image-producing assembly) and the rear side of the ribs would be
in thermal communication with a rear plate (i.e. thermally-conductive plate 10). A single
path of cooling air can then be used to cool the interior of the display while the various
hot spots can distribute heat throughout the ribs and other thermally conductive
surfaces to provide the mast efficient cooling. This can be accomplished without having
to expose sensitive electrical components to the contaminates and/or particulate of
ambient gas.

[0042] FIGURE 9 shows the rear of an exemplary electronic display 100, where the
rear cover for the display housing has been removed in order to show the internal
components. In this embodiment, fan assemblies 102 and 103 for a closed loop of
circulating gas may be placed along two opposing edges of a heat exchanger 101.
Preferably, fan assembly 102 is the inlet for the heat exchanger and fan assembly 103
is the exit for the heat exchanger 101. These assemblies can optionally be reversed
however, where fan assembly 103 is the inlet and fan assembly 102 is the exit. Further,
both assemblies 102 and 103 are not required. Some embodiments may use only one
fan assembly for the closed loop of circulating gas. If only one fan assembly is used, it
is preferable to place the fan assembly at the inlet of the heat exchanger 101, so that
the circulating gas is ‘pulled’ across the front of the image assembly and pushed
through the heat exchanger 101. This is not required however; other embodiments may
pull the isolated gas through the heat exchanger 101. Other embodiments may push
the isolated gas across the front of the image assembly. Fan assemblies 104 and 105
for an open loop of ambient gas may be placed along two opposing edges of the
display housing. Again, both assemblies 104 and 105 are not required as some
embodiments may use only one assembly and may use the open loop fan assemblies
in a push or pull design. Therefore, when referring to the placement of the various fan
assembilies, the terms ‘push’, ‘pull’, ‘force’, and ‘draw’ will be used interchangeably and
any orientation may be used with the various embodiments herein.

[0043] The circulating gas which is being forced by the closed loop fan assemblies is

primarily circulating around the display. For example, the circulating gas travels in a
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loop where it contacts the front surface of the image assembly (see Figures 10A-10B)
and transfers heat from the image assembly to the circulating gas. The circulating gas
is then preferably directed (or forced, pulled, etc.) into the heat exchanger 101 in order
to transfer heat from the circulating gas to the ambient gas. Afterwards, the circulating
gas exits the heat exchanger 101 and may return to the front surface of the image
assembly. The circulating gas may also pass over several electronic components 110
in order to extract heat from these devices as well. The electronic components 110
may be any components or assemblies used to operate the display including, but not
limited to: transformers, circuit boards, resistors, capacitors, batteries, power modules,
motors, inductors, illumination devices, wiring and wiring harnesses, lights, thermo-
electric devices, and switches. In some embodiments, the electrical components 110
may also include heaters, when the display assembly might be used in cold-weather
environments.

[0044] In order to cool the circulating gas (as well as optionally cooling a backlight
assembly or image assembly as taught above) ambient gas is ingested into the display
housing by the open loop fan assembly 104 and/or 105. The ambient gas may simply
be ambient air which is surrounding the display 100. In some embodiments, the
ambient gas may be air conditioned prior to being drawn into the display by one or more
air conditioning assemblies (not shown). Once the ambient gas is ingested into the
display, it may be directed (or forced) through the heat exchanger 101 and optionally
also across the rear surface of the backlight assembly or image assembly (see Figures
10A-10B) or though ribs/channels as shown above or across power modules as shown
above. By using the heat exchanger 101, heat is transferred from the circulating gas to
the ambient gas. The heated ambient gas is then expelled out of the display housing.
[0045] Aithough not required, it is preferable that the circulating gas and ambient gas
do not mix. In a preferred embodiment, the heat exchanger 101 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 101 may be a cross-flow,
parallel flow, or counter-flow (tube-within-a-tube or otherwise) heat exchanger. In an
exemplary embodiment, the heat exchanger 101 would be a cross-flow and would be

comprised of a plurality of stacked layers of thin plates. The plates may have a
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corrugated or honeycomb design, where a plurality of channels or pathways 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, gas may
enter the heat exchanger only through plates whose channels or pathways travel
parallel to the path of the gas. Because the plates are alternated, the closed loop and
ambient gases 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).

[0046] In an alternative design, an open gap may be placed in between pairs of
channelized or honeycomb plates. The open gap may travel in a direction which is
perpendicular to the channels of the plates. This open gap 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 channels in
the adjacent plates. Thus, gas may travel through the open gap (parallel to the strips or
tape) but would not pass through the open gap in a direction which is perpendicular to
the strips or tape (parallel to the channels of the adjacent plates).

[0047] 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.

[0048] An exemplary heat exchanger may have plates where the sidewalls are
relatively thin so that heat can easily be exchanged between the two paths of gas. A
plurality 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.
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
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large amount of surface area relative to the small material thickness, resulis 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 or honeycomb plastic may be used for each plate layer.

[0049] As mentioned above, both inlet and exit fan assemblies are not required for the
embodiments. Alternatively, only a single fan assembly may be used for each loop.
Thus, only an inlet fan assembly may be used with the closed loop and only an exhaust
fan assembly may be used with the open loop. Alternatively, one of the loops may
have both inlet and exit fan assemblies while the other loop only has either an inlet or
exit assembly.

[0050] The gas used in both loops can be any number of gaseous matters. In some
embodiments, air may be used as the gas for both loops. Preferably, the gas which
travels through the closed loop should be substantially clear, so that when it passes in
front of the image assembly it will not affect the appearance of the image to a viewer.
The gas which travels through the closed loop should also be substantially free of
contaminates and/or particulate (ex. dust, dirt, pollen, water vapor, smoke, etc.) in order
to prevent an adverse effect on the image quality and damage to the internal electronic
components. It may also be preferable to keep the gas within the open loop from
having contaminates. An optional filter (not shown) may be used to ensure that the air
(either in the closed or open loop) stays free of contaminates. However, in an
exemplary embodiment the open loop may be designed so that contaminates could
possibly be present within the ambient gas but this will not harm the display. In these
embodiments, the heat exchanger (and the optional path behind the image assembly or
backlight or through the ribs) is properly sealed so that any contaminates in the ambient
gas would not enter sensitive portions of the display. Thus, in these exemplary
embodiments, ingesting ambient air for the ambient gas, even if the ambient air
contains contaminates, will not harm the display. This can be particularly beneficial
when the display is used in outdoor environments or indoor environments where
contaminates are present in the ambient air.

[0051] FIGURE 10A shows a cross-section of another embaodiment of a display 200.

In this figure, the rear cover 250 and side covers 251 and 252 are shown to illustrate
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one method for sealing the overall display 200. The image assembly 220 is shown near
the front of the display 200. As discussed above, the image assembly 220 may
comprise any form of electronic assembly for generating an image, including but not
limited to: LCD, light emitting diode (LED), organic light emitting diode (OLED), field
emitting displays (FED), light-emitting polymers (LEP), plasma displays, and any other
flat/thin panel displays. The front display surface 221 is placed in front of the image
assembly 220, defining a channel 290 through which the circulating gas may flow. The
front display surface 221 may be any transparent material (glass, plastic. or composite)
and may comprise several layers for polarizing light, reducing glare or reflections, and
protecting the internal display components. In an exemplary embodiment, the front
display surface 221 would comprise two panes of glass which are laminated together
with optical adhesive (preferably index-matching). Further, a polarizing layer may be
attached to one of the panes of glass in order to reduce the internal reflections and
solar loading on the image assembly 220. |t is most preferable that the polarizing layer
be attached to the inner surface of the front display surface 221 (the one facing the
closed loop channel 290) and also contain an anti-reflective (AR) coating.

[0052] For the embodiment shown in Figure 10A, the image assembly 220 may be
an LCD stack with a backlight assembly 222. Some backlights may use cold cathode
fluorescent lamps (CCFLs) to produce the illumination necessary for generating an
image. In an exemplary embodiment, the backlight assembly 222 would comprise a
printed circuit board (PCB) with a plurality of LEDs (light emitting diodes) on the front
surface. As discussed above, an exemplary embodiment would have a low level of
thermal resistance between the front surface of the backlight assembly 222 and the
rear surface 223 of the backlight. A metallic PCB may be used for this purpose. The
rear surface 223 of the backlight may contain a thermally conductive material, such as
a metal. Aluminum may be an exemplary material for the rear surface 223. A second
surface (or plate) 224 may be placed in close proximity behind the rear surface 223 of
the backlight assembly 222. The space between the rear surface 223 of the backlight
and the second surface 224 may define an additional optional open loop channel 225

through which ambient gas may travel in order to cool the backlight assembly 222. This
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open loop channel 225 may be similar to the channel 15 shown above, except open
loop channel 225 may be narrower.

[0053] FIGURE 10B shows the same cross section from Figure 10A with the rear
cover 250 and side covers 251 and 252 removed and the closed and open loop air
flows shown for explanatory purposes. The closed loop fan assembly 202 is used to
propel the circulating gas 210 around the closed loop. A first open loop fan assembly
203 may be used to draw ambient gas 211 through the heat exchanger 201.
Optionally, a second open loop fan assembly 204 may be used to draw ambient gas
212 through the optional channel 225 for cooling the backlight assembly 222. The
optional second open loop fan assembly 204 can also be used to exhaust ambient gas
which has traveled through the heat exchanger 201 and through the channel 225. If a
second open loop fan assembly 204 is not used, the first open loop fan assembly 203
may be used to exhaust the ambient gas 211 that has traveled through the heat
exchanger 201.

[0054] As noted above, in an exemplary embodiment the ambient gas does not mix
with the circulating gas. It may be important for the image quality that the circulating
gas remains free of particulate and contaminates as this gas travels in front of the
image assembly 220. Since gas for the open loop may contain various contaminates, a
preferable embodiment should be adequately sealed to prevent the gas from the two
loops from mixing. This is not necessary however, as filters (either removable or
permanent) may be used to minimize the effect of particulate for both the open and
closed loops.

[0055] FIGURE 11 is a perspective section view of another embodiment of a display
assembly 600 showing inlet 60 and exhaust 65 apertures for the ambient gas 20. The
inlet aperture 60 may contain a screen or filter (removable or permanent) to remove any
particulate (although this may not be necessary). One or more fans 50 may be used to
draw the ambient gas 20 into the inlet aperture 60 and through the heat exchanger 201.
In this embodiment, the ambient gas 20 is only drawn through the heat exchanger 201
and not through any additional optional channels or ribs. This embodiment may be
used when the display assembly 80 (or backlight assembly) does not require the
additional cooling of an additional channel. For example, and not by way of limitation,
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this embodiment 600 may be used when an OLED is used as the image assembly 80.
Further, this embodiment 600 may be used when the LCD backlight is not generating
large amounts of heat because it is not required to be extremely bright (perhaps
because it is not used in direct sunlight). Still further, this embodiment may be used
when the ambient gas 20 contains particulate or contaminates which may damage the
display. In these situations, it may be desirable to limit the exposure of the display to
the ambient gas 20. Thus, in these situations it may be desirable to only ingest ambient
gas 20 into the heat exchanger 201 and not through any additional cooling channels.
[0056] In some embodiments, the ambient gas 20 may be air conditioned (or
otherwise cooled) before it is directed into the heat exchanger 201. A front display
surface 221 may be used to create an anterior (front) wall of the channel 290 and/or
protect the image assembly 80 from damage. An exemplary front display surface 221
may be glass. Another embodiment for the front display surface 221 may be two panes
of glass which are laminated together using optical adhesive. Solar loading (radiative
heat transfer from the sun through the front display surface 221 may result in a heat
buildup on the image assembly 80 (ex. OLED or LCD assembly). This heat may be
transferred to the circulating gas, where this heat may then be transferred to the
ambient gas 20 and expelled from the display. The image assembly could be any one
of the following: LCD, plasma display assembly, OLED, light emitting polymer (LEP)
assembly, organic electro luminescence (OEL) assembly, or LED display assembly.
[0057] FIGURE 12 shows an exemplary embodiment where a circulating gas 400 is
forced between a front display surface 221and an image assembly 80 and then through
a heat exchanger 201 in order to remove at least a portion of the heat absorbed from
the image assembly 80 and front display surface 221. The circulating gas 400 may be
propelled by a closed loop fan assembly 410. The heat exchanger 201 may accept
circulating gas 400 in one direction while accepting ambient gas 310 in a substantially
perpendicular direction such that heat may transfer between the two gases.

[0058] In this embodiment, an optional additional flow of ambient gas 300 is accepted
through the inlet aperture 350 and directed along channel 225 in order to cool the rear
portion of the image assembly 80 (possibly a backlight). This embodiment uses a set of

ribs 18, similar to the designs shown above in Figures 7 and 8. This embodiment also
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uses a thermally-conductive plate 10, similar to the one shown in Figure 7. When this
optional additional flow of ambient gas 300 is used, it is preferable that the anterior
(front) surface 500 of the channel 225 be thermally conductive and preferably in thermal
communication with at least a portion (preferably the rear portion) of the image
assembly 80. Inlet aperture 350 may accept both ambient gas 310 and 300, or there
may be separate inlet apertures for each flow of gas 310 and 300.

[0059] Similar to some of the previously described embodiments, the circulating gas
400 also passes over electronic assemblies in order to accept heat from these
electronic assemblies. In this exemplary embodiment, the electronic assemblies have
been separated by the heat exchanger 201 into two groups. The first group of
electronic assemblies 900 may be considered the high power assemblies and may
include but are not limited to: power modules, inductors, transformers, and other power-
related devices. The second group of electronic assemblies 910 may be considered
the low power assemblies and may include but are not limited to: timing and control
boards, hard drives and other storage devices, video cards, software drivers,
microprocessors, and other control devices. It is known to those skilled in the art that
some high power electronic assemblies can cause electrical interference with other
electronic assemblies that may be sensitive to electrical interference. Thus, in the
exemplary embodiment shown, the heat exchanger 201 is used to separate the lower
power electronic assemblies 910 from the high power electronic assemblies 900 to
ensure a minimum amount of interference between the two. Further, some high power
electronic assemblies 900 are known to also generate heat. This heat may be
transferred to the circulating gas 400 prior to introducing this gas into the heat
exchanger 201. In the exemplary embodiment shown, ambient air can be ingested as
the ambient gas 310 and there is little risk of damage to the electrical assemblies 910
and 900 because the ambient gas 310 would preferably never contact these electrical
assemblies. However, the electrical assemblies 910 and 200 will remain cooal (as well
as clean and dry) because of the cross-flow from the circulating gas 400.

[0060] The cooling system described herein 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
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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. The speed of the various fan assemblies can also be varied
depending on the temperature within the display.

[0061] It should be particularly noted that the spirit and scope of the disclosed
embodiments provides for the cooling of any type of electronic display. 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 thin/flat panel 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 large 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, kitchens, bathrooms) where
thermal stability of the display may be at risk.

[0062] It should also be noted that the variety of cooling channels that are shown in
the figures may be shown in a horizontal or vertical arrangement but it is clearly
contemplated that this can be reversed or changed depending on the particular
embodiment. Thus, the closed loop may run horizontally or vertically and in a clock-
wise 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.

[0063] 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
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
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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. A cooling system for an electronic image assembly having a front and back portion,

the system comprising:

a front display surface spaced apart from the front portion of the electronic image

assembly;

a channel defined by the space between the front display surface and the front

portion of the electronic image assembly;

a heat exchanger in gaseous communication with the channel, the heat
exchanger having first and second gas pathways, where the first gas

pathway is in gaseocus communication with the channel;

a first fan assembly positioned so as to force circulating gas through the channel
and the first gas pathway; and

a second fan assembly positioned so as to force ambient gas through the

second gas pathway.

2. The cooling system of claim 1 wherein:

the heat exchanger is a cross-flow heat exchanger.

3. The cooling system of claim 1 further comprising:
a plate spaced apart from the rear portion of the electronic image assembly;

a second channel defined by the space between the plate and the rear portion of

the electronic image assembly; and

wherein the second fan assembly is further positioned so as to force ambient
gas through the second channel.
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4. The cooling system of claim 3 further comprising:

a power module in electrical communication with the electronic image assembly;

and

a heat sink in thermal communication with the power module and placed within

the second channel.

5. The cooling system of any one of claims 3 cr 4 further comprising:

a plurality of ribs placed within the second channel.

6. An electronic display assembly comprising:
an electronic image assembly;
an isolating structure space apart from the electronic image assembly;

a channel defined by the space between the isolating structure and the

electronic image assembly;

a power module having electronic components on a first side and a heat sink on
the second side, where the power module is attached to the isolating
structure so that the heat sink is within the channel and the electronic
components are outside the channel; and

a fan positioned so as to draw ambient gas through the channel.

7. The electronic display assembly of claim 6 further comprising:
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a rib placed within the channel and in thermal communication with the isolating

structure.

8. The electronic display assembly of claim 7 further comprising:

a surface placed within the channel and in thermal communication with the
electronic image assembly and the rib;

9. The electronic display assembly of any one of claims 6, 7, or 8 wherein:

the electronic image assembly is a liquid crystal display.

10. The electronic display assembly of any one of claims 6, 7, or 8 wherein:

the electronic image assembly is an OLED display.

11. An electronic display assembly comprising:
an electronic image assembly having a front and rear portion;

a surface on the rear portion of the electronic image assembly and in thermal

communication with the electronic image assembly;
a plate spaced apart from the surface;
a first channel defined by the space between the plate and the surface;

a power module in electrical communication with the electronic image assembly

and in thermal communication with the plate; and

a first fan positioned so as to draw ambient gas through the first channel.
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12. The electronic display assembly of claim 11 further comprising:

a rib placed within the first channel and in thermal communication with the plate

and the surface.

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

a front display surface spaced apart from the front portion of the electronic image

assembly;

a second channel defined by the space between the front display surface and

the front portion of the electronic image assembly;

a heat exchanger in gaseous communication with the second channel, the heat
exchanger having first and second gas pathways, where the first gas

pathway is in gaseous communication with the second channel;

a second fan positioned so as to force ambient gas through the second gas
pathway; and

a third fan positioned so as to force circulating gas through the second channel
and the first gas pathway.

14. The electronic display assembly of any one of claims 11 through 13 wherein:

the electronic image assembly is a LCD.

15. The electronic display assembly of any one of claims 11 through 13 wherein:

the electronic image assembly is an OLED.
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