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Expanded Heat Sink for Electronic Displays and Method of Producing
the Same

Inventors: William Dunn, Bill Swatt, and Tim Hubbard

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

Technical Field

[0002] Exemplary embodiments generally relate to cooling systems and in particular

to cooling systems for electronic displays.

Background of the Art

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

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

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

[0006] Still further, in some situations radiative heat transfer from the sun through the
front portion of the display can also become a source of heat. Furthermore, the market
is demanding larger screen sizes for displays. With increased electronic display screen
size and corresponding front display surfaces, more heat will be generated and more

heat will be transmitted into the displays.
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Summary of the Exemplary Embodiments

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

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

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

[0010] The foregoing and other features and advantages will be apparent from the
following more detailed description of the particular embodiments of the invention, as
illustrated in the accompanying drawings.

Brief Description of the Drawings

[0011] A better understanding of an exemplary embodiment will be obtained from a
reading of the following detailed description and the accompanying drawings wherein
identical reference characters refer to identical parts and in which:

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

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

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

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

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

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

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

conductive sheet used within an electronic display.
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Detailed Description

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

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

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

[0024] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein,
the singular forms "a", "an" and "the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the
terms "comprises" and/or "comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, elements, and/ or components,
but do not preclude the presence or addition of one or more other features, integers,

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

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

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

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

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

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

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

[0033] FIGURE 2 is a rear perspective view of an embodiment using fans 225 to draw
cooling air 10 through the channels 150. Inlet apertures 200 allow the fans 225 to draw
cooling air 10 in between the rear plate 125 and front plate 180 and along the channels
150. The cooling air 10 can then be exhausted out of the exit apertures 210. A single

fan may be used in some embodiments, while several fans (even more than shown in
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Figure 2) could be used in other embodiments. Of course, the fans 225 could instead
be placed at the inlet apertures 200 and used to ‘push’ the cooling air 10 through the
channels 150 rather than ‘pull’ (as shown in Figure 2). Further, fans could be placed at
both the inlet apertures 200 and exit apertures 210 to both push and pull the cooling air
10 through the system.

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

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

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

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

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

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

[0040] Here, the rear plate 125 may not be in thermal communication with the
continuous conductive sheet 500 but may only provide structure for the channels and/or
structural support to the assembly. Of course, it is preferable that the rear plate 125
and the continuous conductive sheet 500 are in thermal communication so that heat
can be more effectively and evenly distributed and removed. Ideally, there should be
a low level of thermal resistance between the front and rear sides of the backlight 100.
An exemplary embodiment may utilize a metal core PCB with LEDs on the front side
and a metallic surface (or otherwise thermally conductive surface) on the rear side.
[0041] Generally, the continuous conductive sheet 500 may be described as four
continuous portions, which are generally repeated to create the overall structure. For
this embodiment, the first portion 600 runs parallel to and adjacent with the front plate
180. The second portion 610 extends from the first portion 600 at angle 6, towards the
rear plate 125. The third portion 620 extends from the second portion 610 and runs
parallel to and adjacent with the rear plate 125. The fourth portion 630 extends from
the third portion 620 at angle ©. towards the front plate 180. The four portions may
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then be repeated to create the continuous conductive sheet 500. Thus, the fourth
portion 830 may continue to a second series of portions, starting with another portion
similar to the previous first portion 600. In some embodiments, angle ©4 may be
substantially equal to angle ©,. While in other embodiments, angle 6, may be different
than angle ©;.

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

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

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

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

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

types of displays: OLED, LED, light emitting polymer (LEP), organic electro

11

SEC et al. v. MRI
SEC Exhibit 1022.4019
IPR2023-00221



WO 2012/021573 PCT/US2011/047174

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

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

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

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

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

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

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

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

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

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

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

[0056] As noted above, many illumination devices (especially LEDs and OLEDs) may
have performance properties which vary depending on temperature. When ‘hot spots’
are present within a backlight or illumination assembly, these hot spots can result in
irregularities in the resulting image which might be visible to the end user. Thus, with
the embodiments described herein, the heat which may be generated by the backlight
assembly can be distributed (somewhat evenly) throughout the various ribs and
thermally-conductive surfaces to remove hot spots and cool the backlight.

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

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

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

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

[0061] Having shown and described preferred embodiments, those skilled in the art
will realize that many variations and modifications may be made to affect the described
embodiments and still be within the scope of the claimed invention. Additionally, many

of the elements indicated above may be altered or replaced by different elements which
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will provide the same result and fall within the spirit of the claimed invention. It is the
intention, therefore, to limit the invention only as indicated by the scope of the claims.
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CLAIMS

1. An expanded heat sink for transferring heat from an electronic display component to
a path of cooling air, the expanded heat sink comprising:

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

2. The heat sink of claim 1 wherein:

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

for each adjacent polygon.

3. The heat sink of claim 1 wherein:

the four-sided polygons are trapezoids.

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

the top and bottom portions are substantially parallel.

5. The heat sink of claim 1 wherein:

the four-sided polygons are rectangles.

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

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

7. The heat sink of claim 6 wherein:

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

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

polygons.

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

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

plate; and

a liquid crystal assembly placed above the LED backlight.

9. The LCD of claim 8 further comprising:

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

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

the LED backlight is placed in conductive thermal communication with the front
plate.
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11. An expanded heat sink for transferring heat from an electronic display component to
a path of cooling air, the expanded heat sink comprising:

a substantially planar front plate;
a substantially planar rear plate placed parallel to the front plate; and

a continuous sheet placed between the front and rear plates to define a series of
channels for accepting the cooling air.

12. The heat sink of claim 11 wherein:
the continuous sheet contains a series of four portions:
the first portion running substantially parallel to the front plate,

the second portion extending from the first portion and towards the rear

plate at a first angle,

the third portion extending from the second portion and substantially
parallel to the rear plate, and

the fourth portion extending from the third portion and towards the front
plate at a second angle.

13. The heat sink of claim 12 wherein:
the first portions are in contact with the front plate, and

the third portions are in contact with the rear plate.

14. The heat sink of claim 12 wherein:

the first and second angles are substantially equal.
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15. The heat sink of claim 12 wherein:

the first and second angles are each less than ninety degrees.

16. An electronic display comprising:
the heat sink of claim 11;
an electronic display assembly placed in front of and in thermal communication
with the front plate; and

a fan positioned to draw cooling air through the channels.

17. The electronic display of claim 16 further comprising:

an electrical component in conductive thermal communication with the rear plate.

18. The electronic display of claim 17 wherein:
the electrical component is any one of the following: power module, power

supply, and power transformer.

19. A liquid crystal display (LCD) comprising:
the heat sink of claim 1;

an LED backlight placed above and in thermal communication with the

continuous sheet;
a liquid crystal assembly placed above the LED backlight;

a rear plate placed behind and in thermal communication with the continuous

sheet; and

a fan positioned to draw cooling air between the LED backlight and rear plate

and along the continuous sheet.
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20. The LCD of claim 19 further comprising:

an electrical component in conductive thermal communication with the rear plate.
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Back Pan Cooling Assembly for Electronic Display

Cross-Reference to Related Applications

[0001] This application claims priority to US Application No. 61/714,381 filed on
October 16, 2012 and is herein incorporated by reference in its entirety.

Technical Field
[0002] Embodiments generally relate to a cooling assembly for the back pan of an

electronic display.

Background of the Art

[0003] Electronic displays are now being used for a variety of applications, in addition
to the traditional in-home viewing applications. itis now desirable for electronic displays
to be used as restaurant menu boards, advertising, and general informational purposes.
Each application may require a different set of electronic assemblies, in order to drive
the electronic display and provide any ancillary services related to the electronic display
and its purpose. Electronic displays are typically manufactured in standard sizes,
shapes, and with standard electronic components.

Summary of the Exemplary Embodiments

[0004] One exemplary embodiment provides a cooling back pan that is positioned
behind the rear pan of an electronic display, where the space between the cooling back
pan and the rear pan defines a gap. A fan is preferably positioned so as to cause a fiow
of ambient air through the gap, cooling the rear pan and the cooling back pan.
Electronic components for operating the electronic display can be mounted to the
cooling back pan and preferably are placed in conductive thermal communication with
the cooling back pan.
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[0005] The foregoing and other features and advantages of the present invention will
be apparent from the following more detailed description of the particular embodiments,
as illustrated in the accompanying drawings.

Brief Description of the Drawings

[0006] A better understanding of an exemplary embodiment will be obtained from a
reading of the following detailed description and the accompanying drawings wherein
identical reference characters refer to identical parts and in which:

[0007] FIGURE 1 is a rear perspective view of an exemplary back pan cooling
assembly.

[0008] FIGURE 2 is a sectional view of the embodiment shown in Figure 1.

Detailed Description

[0009] 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.

[0010] 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.

[0011] Embodiments of the invention are described herein with reference to

illustrations that are schematic illustrations of idealized embodiments (and intermediate
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structures) of the invention. As such, variations from the shapes of the illustrations as a
result, for example, of manufacturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed as limited to the particular
shapes of regions illustrated herein but are to include deviations in shapes that result,

for example, from manufacturing.

[0012] 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.

[0013] FIGURE 1 is a rear perspective view of an exemplary back pan cooling
assembly where the rear cover 100 has been removed. An electronic display 15 is
provided on the bottom with an exemplary cooling back pan 45 positioned on the top.
The electronic display 15 contains a rear pan 22 on the rear surface of the electronic
display 15 (i.e. on the side opposing an intended observer). The rear pan 22 is often a
component in mass-manufactured electronic displays and typically provides mounts for
electronic subassemblies or housings to go with the electronic display. In some
embodiments, the rear pan 22 is metallic. As used herein, the term ‘rear pan’ does not
require that the pan is actually the one that came with the originally mass-manufactured
display, as this component may be upgraded from its originally mass-manufactured
form by downstream manufacturers.

[0014] Here, electronic components 10 and 11 for driving the electronic display 15 are
fastened to the cooling back pan 45. In an exemplary embodiment, the electronic
components 10 and 11 may be placed in conductive thermal communication with the
cooling back pan 22. The electronic components 10 and 11 may contain any one of the
following: timing and control boards (TCON), power supplies, video
cards/drivers/players, input/output interfaces, antennas, wireless receivers, modems,

local electronic storage, and CPU/microprocessors.
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[0015] The space between the rear pan 22 and the exemplary cooling back pan 45
defines an air gap 25. The fan 30 is positioned so as to cause a flow of ambient cooling
air through the gap 25, in order to cool both the rear pan 22 and the cooling back pan
45. The fan 30 preferably draws ambient air from around the display housing, without
letting the air enter other portions of the display housing, especially the portions of the
cooling back pan 45 which contain the electronic components 10 and 11 (i.e. the
portions sealed off between the cooling back pan 45 and the rear cover 100). In other
words, the fan 30 is preferably placed in sealed gaseous communication with the
surrounding ambient air and the gap 25 such that ambient air can pass through the fan
30 and gap 25 without entering the area sealed by the cooling back pan 45 and rear
cover 100.

[0016] In at least one embodiment, a port 150 is provided which provides sealed
gaseous communication between the ambient air surrounding the display housing and
the fan 30. Once forced through the gap 25, the cooling air can exit any portion of the
perimeter of the rear pan 22 and cooling back pan 45 assemblies, and eventually is
exhausted out of the edges of the display housing. In other words, the gap 25
preferably extends to all four edges of the display housing and allows ambient air to
enter/exit the gap 25 along all four edges of the rear pan 22 and cooling back pan 45.
[0017] FIGURE 2 is a sectional view of the embodiment shown in Figure 1.

[0018] As can be observed, the cooling back pan 45 can be used to mount any
number of specialized electrical components 10 and 11 which may be required for the
end-use of any electronic display. At the same time, the cooling back pan 45 can help
remove heat from the electronic components 10 and 11 as well as the rear pan 22,
without exposing the sensitive components to ambient air (which may contain dirt, dust,
or contaminates).

[0019] It should be noted that although a single fan 30 is shown, this is not required
by any embodiment as there can be multiple fans positioned on the cooling back pan 45
in other embodiments. Also, although an exemplary embodiment uses the fan 30 to
push the cooling air into the gap 25, alternative embodiments could also be used to
draw air from the edges of the display housing, through the gap 25, and exhaust the air
through the port 150. It should also be noted that additional fans may be positioned
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within the cooling back pan 45 in order to circulate air around the interior of the cooling
back pan 45, without mixing with the ambient air.

[0020] It should also be noted that it is preferable to place the fan 30 near the center
of the cooling back pan 45, although this is not required. It may be preferable in some
instances to place the fan 30 closer to the horizontal top edge of the cooling back pan
45 (as shown in Figure 2), as the heat generated by the display assembly tends to rise
where additional flow rates of cooling air would be beneficial in this area. In most
cases, if using only one fan 30, it may be preferable to place the fan near the vertically-
drawn centerline of the cooling back pan 45.

[0021] As used herein, the term ‘electronic display’ is any electronic assembly for
generating an image to a viewer. The term specifically includes, but is not limited to:
liquid crystal displays (all types), OLED, light emitting diode (LED), field emitting display
(FED), light emitting polymer (LEP), organic electro luminescence (OEL), plasma
displays, and any other type of thin/flat panel display. In an exemplary embodiment, the
electronic display 15 comprises an LED edge lit LCD display where the LED backlight is
placed in conductive thermal communication with the rear pan 22. In another
exemplary embodiment, the electronic display 15 comprises an LED direct backlit LCD
display where the rear pan 22 is provided as the rear surface of the direct LED
backlight.

[0022] Having shown and described a preferred embodiment of the invention, those
skilled in the art will realize that many variations and maodifications may be made to
affect the described invention and still be within the scope of the claimed invention.
Additionally, many of the elements indicated above may be altered or replaced by
different elements which will provide the same result and fall within the spirit of the
claimed invention. It is the intention, therefore, to limit the invention only as indicated by

the scope of the claims.
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CLAIMS

We claim:
1. A back pan cooling assembly for an electronic display having a rear pan, the
assembly comprising:

a cooling back pan positioned behind the rear pan, the space between the

cooling back pan and the rear pan defining a gap;
a fan positioned to cause a flow of ambient air through the gap; and
an electronic component for driving the electronic display, placed in conductive

thermal communication with the cooling back pan.

2. The cooling assembly of claim 1 wherein:
the fan is sealed within the cooling back pan such that ambient air is not

permitted to contact the electronic component.

3. The cooling assembly of claim 1 wherein:

the electronic display is in conductive thermal communication with the rear pan.

4. The cooling assembly of claim 1 further comprising:
an LED backlight within the electronic display and placed in thermal

communication with the rear pan.

5. The cooling assembly of claim 1 wherein:
the rear pan and cooling back pan each contain four perimeter edges which are

substantially aligned with one another.

6. The cooling assembly of claim 5 wherein:
the gap extends to all four perimeter edges of the rear pan and cooling back pan.

7. The cooling assembly of claim 5 wherein:
ambient air is permitted to enter the gap along all four perimeter edges.
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8. The cooling assembly of claim 1 wherein:
the rear pan comprises the rear surface of a direct-lit LED backlight.

9. The cooling assembly of claim 1 further comprising:
a port in gaseous communication with the fan such that ambient air is drawn

through the port and exhausted out of the gap.

10. The cooling assembly of claim 1 further comprising:
a port in gaseous communication with the fan such that ambient air is drawn

through the gap and exhausted out of the port.

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

a cooling back pan positioned behind the rear pan, the space between the
cooling back pan and the rear pan defining a gap;

a rear cover positioned on the cooling back pan to define a rear compartment
which is sealed to prevent ambient air from entering the rear
compartment;

a port which accepts ambient gas;

an open loop gaseous pathway defined by gaseous communication between the
port, fan, and gap; and

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

12. The cooling assembly of claim 11 further comprising:
an electronic component for operating the electronic display, placed within the
compartment and mounted to the cooling back pan.

13. The cooling assembly of claim 11 wherein:
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the rear pan and cooling back pan each contain four perimeter edges which are
substantially aligned with one another.

14. The cooling assembly of claim 13 wherein:
the gap extends to all four perimeter edges of the rear pan and cooling back pan.

15. The cooling assembly of claim 11 wherein:
the fan is oriented such that ambient air is drawn through the port and exhausted
out of the gap.

16. The cooling assembly of claim 11 wherein:
the fan is oriented such that ambient air is drawn through the gap and exhausted

out of the port.

17. A back pan cooling assembly for an electronic display having a rear pan with a pair
of vertical edges and a pair of horizontal edges, the assembly comprising:

a cooling back pan having a pair of vertical edges substantially aligned with the
vertical edges of the rear pan and a pair of horizontal edges which are
substantially aligned with the horizontal edges of the rear pan;

a gap defined between the cooling back pan and rear pan which extends to each
horizontal edge to define a pair of horizontal edge gaps and to each
vertical edge to define a pair of vertical edge gaps; and

a fan positioned to cause ambient air to flow through the vertical edge gaps and

the horizontal edge gaps.

18. The cooling assembly of claim 17 wherein:
the fan is positioned near a center of the cooling back pan.

19. The cooling assembly of claim 17 further comprising:
an LED backlight within the electronic display which is placed in conductive

thermal communication with the rear pan.
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20. The cooling assembly of claim 17 further comprising:

a rear cover positioned on the cooling back pan to define a rear compartment
which is sealed to prevent ambient air from entering the rear
compartment;

a port within the rear cover; and

an open loop gaseous pathway defined by gaseous communication between the

port, fan, and the edge gaps.
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FIGURE EIGHT CLOSED LOOP COOLING SYSTEM FOR ELECTRONIC
DISPLAY

Inventors: William Dunn and Kevin O’'Conner

Cross-Reference to Related Applications

[0001] This application claims priority to US Provisional Application No. 61/843,706

filed on July 8, 2013 which is herein incorporated by reference in its entirety.

Technical Field

[0002] Embodiments generally relate to cooling systems for electronic displays.

Background of the Art

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

sensitive portions of the display, which can lead to premature failures.

Summary of the Exemplary Embodiments

[0004] Exemplary embodiments provide a figure eight closed loop circulating gas path
which defines a center channel for the closed loop of circulating gas. A pair of open
loop ambient air channels may be placed on opposite sides of the center channel, in

order to remove heat from at least the center channel and the closed loop circulating
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gas. One or more open loop ambient air pathways may pass through the figure eight
but do not allow the circulating gas and the ambient air to mix. In some embodiments,
the open loop ambient air pathway travels along a rear surface of the electronic display.
In some embodiments, the circulating gas pathways contain a front channel placed in
front of the electronic display, a rear channel placed behind the electronic display, and a
center channel placed between the front and rear channels. Pass-through apertures
may be placed within the path of the circulating gas and/or the ambient air to allow the
paths of the two gaseous matters to cross without allowing them to mix with one
another.

[0005] The foregoing and other features and advantages of the present invention will be
apparent from the following more detailed description of the particular embodiments, as

illustrated in the accompanying drawings.

Brief Description of the Drawings

[0006] A better understanding of an exemplary embodiment will be obtained from a
reading of the following detailed description and the accompanying drawings wherein
identical reference characters refer to identical parts and in which:

[0007] FIGURE 1 is a simplified illustration of an exemplary embodiment of the figure
eight closed loop cooling system.

[0008] FIGURE 2 is a side rear perspective view showing the overall assembly of the
display with the rear cover removed and indicating the section line 3-3.

[0009] FIGURE 3 is a perspective section view taken from the section line 3-3 and

indicating the locations for Detail 4 and Detail 5.
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[0010] FIGURE 4 is a detailed perspective section view of Detail 4.

[0011] FIGURE 5 is a detailed perspective section view of Detail 5.

[0012] FIGURE 6 is a bottom rear perspective view showing the overall assembly of
the display and indicating the section line 7-7.

[0013] FIGURE 7 is a perspective section view taken from the section line 7-7.

Detailed Description

[0014] 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.

[0015] 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.
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[0016] Embodiments of the invention are described herein with reference to
illustrations that are schematic illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the shapes of the illustrations as a
result, for example, of manufacturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed as limited to the particular
shapes of regions illustrated herein but are to include deviations in shapes that result,

for example, from manufacturing.

[0017] 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.

[0018] FIGURE 1 is a simplified illustration of an exemplary embodiment of the figure
eight closed loop cooling system 400. This exemplary embodiment contains a plurality
of channels in the assembly. The front channel 18 is placed in front of the display 160
and preferably allows closed loop circulating gas 20 to remove heat from the front of the
display 160. The front open loop channel 16 is positioned behind the display 160 and
preferably allows open loop air 15 to pass behind the display 160, removing heat at
least from the rear portion of the display 160 and the center channel 13. The center
channel 13 is preferably positioned between the front open loop channel 16 and the rear

open loop channel 11 and allows closed loop circulating gas 20 to cross paths with itself
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(creating the figure eight) and to cross paths with the open loop air 10 and 15 without
allowing the closed loop circulating gas and open loop air to mix.

[0019] The rear open loop channel 11 is preferably positioned immediately adjacent
to the center channel 13, and allows open lcop air 10 to flow through, thereby removing
heat from the center channel 13 (and/or the closed loop circulating gas 13 contained
within) and the rear channel 30. The rear channel 30 is positioned near the rear of the
display and may contain various electronic components 35 for operating the overall
display assembly, fans, or the display 160 itself.

[0020] In an exemplary embodiment, the front channel 18, center channel 13, and
rear channel 30 are in sealed gaseous communication with each other. In other words,
these channels do not permit closed loop circulating gas 20 to substantially escape or to
allow ambient air or open loop air to enter these channels. Also in an exemplary
embodiment, open loop air 10 and 15 is simply ambient air surrounding the display
assembly. However, in some embodiments the open loop air 10 and 15 may be treated
in some way (ex. filtered, air conditioned, or pre-cooled in some way) prior to being
ingested into the display assembly. In this particular embodiment, the closed loop fan
100 is positioned within the rear channel 30, although this is not required. All that is
required is that the closed loop fan 100 is positioned to force the closed loop circulating
gas 20 through the front channel 18, center channel 13, and rear channel 30. The
closed loop circulating gas 20 can be any gaseous matter that preferably does not
contain large amounts of particulate. However, it does not have to be pure gas of any

type; simple clean air works fine with the exemplary embodiments.
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[0021] FIGURE 2 is a side rear perspective view showing the overall assembly of the
display with the rear cover removed and indicating the section line 3-3. In this particular
embodiment, the display assembly is designed for a portrait orientation with the closed
loop fans 100 positioned at the top of the assembly and the open loop fans 200
positioned at the bottom of the assembly. This is of course not required however, as
the embodiments herein can be flipped or oriented for a landscape orientation if desired.
Further, the open loop fans 200 do not have to be placed at the bottom of the assembly,
but could be positioned anywhere so that the open loop air travels in the paths specified
in these exemplary embodiments. It of course goes without saying that additional fans
could also be used to increase flow rates and/or pressure.

[0022] FIGURE 3 is a perspective section view taken from the section line 3-3 and
indicating the locations for Detail 4 and Detail 5. Here, the front channel 18 is defined
between the front transparent plate 150 and the electronic display 160. In an exemplary
embodiment the electronic display 160 may be an LED backlit liquid crystal display
(LCD), but this is not required. Alternative embodiments may utilize any type of flat
panel electronic display, including but not limited to plasma, OLED, electroluminescent
polymers, or similar. In some embodiments, the various electrical components 35
{(power supplies, printed circuit boards, microprocessors, electronic storage, efc.) may
be attached and in thermal communication with a plate 31 which may form the rear
portion of channel 11 for open loop air 10. In this way, heat that is generated by the
electrical components 35 may be transferred to the plate 31, where it can be removed

by open loop air 10.
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[0023] FIGURE 4 is a detailed perspective section view of Detail 4. Closed loop
circulating gas 20 is permitted to pass through the rear open loop channel 11 without
mixing with the open loop air 10 by use of pass-through apertures 200, which provide
sealed gaseous communication between the rear channel 30 and the center channel
13, without permitting open loop air 10 to enter the channels 30 and 13. In an
exemplary embodiment, rear open loop channel 11 may also contain cooling fins 400
for distributing heat from the adjacent channels (30 and 13) and/or electronic
components 35 in order to be efficiently removed by the open loop air 10. Similarly,
front open loop channel 16 may also contain cooling fins 450 for distributing heat from
the adjacent channels (30 and 18) and/or the rear surface of the display 160 in order to
be efficiently removed by the open loop air 15. In an exemplary embodiment, the
display 160 contains a direct lit LED backlight where the cooling fins 450 are placed in
thermal communication with the LED backlight. The cooling fins 450 and 400 may be
comprised of any thermally conductive material, but would preferably be comprised of
metal and in an exemplary embodiment would be a thin sheet (or multiple thin sheets)
of metal.

[0024] FIGURE 5 is a detailed perspective section view of Detail 5. Closed loop
circulating gas 20 is permitted to pass through the front open loop channel 16 without
mixing with the open loop air 15 by use of pass-through apertures 205, which provide
sealed gaseous communication between the front channel 18 and the center channel
13, without permitting open loop air 15 to enter the channels 18 and 13.

[0025] FIGURE 6 is a bottom rear perspective view showing the overall assembly of

the display and indicating the section line 7-7.
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[0026] FIGURE 7 is a perspective section view taken from the section line 7-7. The
center channel 13 is preferably divided into a plurality of subchannels 300 and 305. On
this end of the overall assembly, subchannels 300 are in gaseous communication with
the pass-through apertures 200 (which connects the subchannel 300 with the rear
channel 30) while subchannels 305 are in gaseous communication with the pass-
through apertures 205 (which connects the subchannel 305 with the front channel 18).
However, on the opposite end of the assembly (see Figure 3) subchannels 300 are in
gaseous communication with the pass-through apertures 205 (which connects the
subchannel 300 with the front channel 18) while subchannels 305 are in gaseous
communication with the pass-through apertures 200 (which connects the subchannel
305 with the rear channel 30). In this way, the closed loop of circulating gas 20 travels
through the front channel 18, through a pass-through aperture to travel along
subchannel 305, through another pass-through aperture to travel along the rear channel
30, through another pass-through aperture to travel along the subchannel 300, and
finally through another pass-through aperture to return to the front channel 18. In this
way, the closed loop of circulating gas 20 performs the ‘figure eight’ through the
assembly, as it weaves its way across the front channel 18, through the center channel
13, across the rear channel 30, again through the center channel 13, and returning to
the front channel 18.

[0027] It should be noted that subchannels 300 and 305 may not be required in some
embodiments as the center channel 13 could be completely open. It should also be
noted that other embodiments may use the subchannels 300 and 305 but would not

allow a single subchannel to communicate gaseously with both the front channel 18 and
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the rear channel 30. In other words, when viewing the end of the assembly as shown in
Figure 7, the opposing end of the assembly would be substantially similar. Thus,
subchannels 300 would only communicate with pass-through apertures 200 and the
rear channel 30, while the subchannels 305 would only communicate with pass-through
apertures 205 and front channel 18. Thus, in this embodiment there would be two
separate closed loops.

[0028] Although there is preferably gaseous communication throughout the figure
eight, subchannel 300 directs the flow of closed loop circulating gas 20 through rear
channel 30 and center channel 13 while subchannel 305 directs the flow of closed loop
circulating gas 20 through the center channel 13 and front channel 18. In this preferred
embodiment, the subchannels 300 and 305 allow separate flow paths for closed loop
circulating gas 20 within the center channel 13, without requiring additional fans. These
separate flow paths which cross through the center and loop around the display in a
single continuous flow, define the figure eight path for the closed loop circulating gas 20
{seen also in Figure 1). Further, in this preferred embodiment, the flow direction of
closed loop circulating gas 20 through the center channel 13 is opposite the flow
direction of open loop air 15 and 10, creating a counter-flow heat exchanger between
the center channel 13 and the front/rear open loop channels 11 and 16. However, this
is not required, as a parallel flow or a cross flow design would work as well.

[0029] In an exemplary embodiment, the rear channel 30 would share a plate with the
rear open loop channel 11, such that one side of the plate would be within the rear
channel 30 while the opposing side of the plate would be within the rear open loop

channel 11. This arrangement is illustrated in Figure 3 with the rear plate 31. Similarly,
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it may be preferable for the center channel 13 and the rear open loop 11 to share a
plate, such that one side of the plate is within the center channel 13 while the other side
of the plate is within the rear open loop 11. Similarly, it may be preferable for the center
channel 13 and the front open loop 16 to share a plate. Finally, it may also be
preferable for the rear surface of the display 160 to form the front wall of the front open
loop 16, such that open loop ambient air 15 can remove heat from the electronic display
160. In some embodiments the rear surface of the display 160 would be the rear
surface of a metallic PCB holding a plurality of LEDs for the backlight.

[0030] Having shown and described a preferred embodiment of the invention, those
skilled in the art will realize that many variations and modifications may be made to
affect the described invention and still be within the scope of the claimed invention.
Additionally, many of the elements indicated above may be altered or replaced by
different elements which will provide the same result and fall within the spirit of the
claimed invention. It is the intention, therefore, to limit the invention only as indicated by

the scope of the claims.
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CLAIMS
We claim:
1. A cooling assembly for an electronic display comprising:
a figure eight closed loop of circulating gas pathways wrapping around the
electronic display; and
an open loop ambient air pathway passing through the figure eight which does

not allow circulating gas to mix with ambient gas.

2. The cooling assembly of claim 1 further comprising:
a front channel defined between a front surface of the electronic display and a
transparent plate;
wherein the figure eight closed loop of circulating gas pathways includes the front

channel.

3. The cooling assembly of claim 2 further comprising:
a rear channel containing electronic components which are mounted to a rear
plate;
wherein the figure eight closed loop of circulating gas pathways includes the rear

channel.

4. The cooling assembly of claim 3 further comprising:

a center channel placed between the front channel and rear channel;

11
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wherein the figure eight closed loop of circulating gas pathways includes the

center channel.

5. The cooling assembly of claim 1 wherein:
the open loop ambient air pathway travels along a rear surface of the electronic

display.

6. The cooling assembly of claim 3 wherein:
the open loop ambient air pathway travels along a side of the rear plate which is

opposite the side containing the electronic components.

7. The cooling assembly of claim 1 further comprising:
a plurality of pass-through apertures placed within the figure eight closed loop of

circulating gas pathways.

8. The cooling assembly of claim 7 wherein:
the pass-through apertures are arranged such that the circulating gas travels
through the center of the aperture while the open loop ambient air passes

around the aperture.

9. The cooling assembly of claim 7 wherein:
the pass-through apertures are arranged to prevent the circulating gas from

mixing with the open loop ambient air.
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10. A cooling assembly for an electronic display comprising:

a closed loop of gas pathways for circulating gas comprising
a front channel placed in front of the electronic display,
a rear channel placed behind the electronic display, and
a center channel placed between the front and rear channels;

a first open loop pathway for ambient air positioned between the electronic
display and the center channel; and

a second open loop pathway for ambient air positioned between the center

channel and the rear channel.

11. The cooling assembly of claim 10 further comprising:
a closed loop fan positioned to force circulating gas through the closed loop of
gas pathways; and
an open loop fan positioned to force ambient air through the first and second

open loop pathways.

12. The cooling assembly of claim 10 further comprising:
a rear plate having a posterior and anterior side and placed within the rear
channel;
a plurality of electronic components attached to the posterior side of the rear
plate; and
wherein the anterior side of the rear plate forms a portion of the second open

loop pathway.
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13. The cooling assembly of claim 10 further comprising:
a plurality of pass-through apertures positioned within the first open loop

pathway.

14. The cooling assembly of claim 13 wherein:
the pass-through apertures contain a hole in the center and are arranged such
that the circulating gas travels through the hole in the center while the

ambient air travels around the pass-through aperture.

15. The cooling assembly of claim 10 wherein:
the second open loop pathway and the rear channel share a plate such that a
side of the plate is within the rear channel while an opposing side of the

plate is within the second open loop pathway.

16. The coocling assembly of claim 10 wherein:

the center channel is placed between the first and second open loop pathways.

17. A cooling assembly for an electronic display comprising:
a front channel defined by the space between a front surface of the electronic
display and a transparent plate;
a first open loop pathway defined by the space between a rear surface of the

electronic display and a front plate;

14
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a rear plate positioned behind the electronic display and having a first side
forming part of a rear channel and an opposing side forming part of a
second open loop pathway;

a center channel placed between the first and second open loop pathways;

a closed loop fan positioned to force circulating gas through the front channel,
rear channel, and center channel; and

an open loop fan positioned to force ambient air through the first and second

open loop pathways.

18. The cooling assembly of claim 17 further comprising:

a plurality of pass-through apertures placed within the path of the circulating gas.

19. The cooling assembly of claim 17 further comprising:
a plurality of electronic components attached to the side of the rear plate forming

part of the rear channel.

20. The cooling assembly of claim 17 further comprising:

a plurality of cooling fins placed within the first and second open loop pathways.

15
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A system and method for mounting an electronic display is disclosed herain. A rear
cover mountng bracket may contain a rear plate and & sidewall which surrounds a
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(19) 9 KOREAN INDUSTRIAL PROPERTY OFFICE

KOREAN PATENT ABSTRACTS

(11) Publication number: 1020050033986 A
(44) Date of publication of specification: 14.04.05

(21) Application number. 1020030069728 (71) Applicant: SAMSUNG SDI CO., LTD.

(22) Date of fiing: 07.10.03 (72) Inventor: KIM, SE JONG
WO0O, SEOK GYUN

(81) Int. Ci HO1J 17/28

(54) PLASMA DISPLAY DEVICE WITH HEAT
INSULATION UNIT INTERPOSED BETWEEN
CHASSIS AND CIRCUIT BOARD SO AS TO
PREVENT HEAT GENERATED FROM PLASMA
DISPLAY PANEL FROM BEING TRANSFERRED
TO CIRCUIT BOARD

(57) Abstract:

PURPOSE: A plasma display device is provided to allow
for a stable circuit operation by inserting a heat £3 52 /30
insulation unit into the space between the rear surface 7

of a chassis and a circuit board such that heat N \| i i AN N
generated from a plasma display panel is prevented from I 4l L I

being transferred to the circuit board. 5 } g g |_—20

CONSTITUTION: A plasma display device comprises a s T —— 3\ L v
plasma display panel(10); a chassis(20) disposed on the . 1} 12
rear surface of the plasma display panel; a circuit }// /—11}1{)
board(30) disposed on the rear surface of the chassis; N

and a heat insulation unit interposed between the 81

circuit board and the chassis. The heat insulation unit

includes at least one heat insulation plate(41).
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Notice

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

accurate, complete, reliable or fit for specific purposes. Critical decisions, such as
commercially relevant or financial decisions, should not be based on machine -

translation output.

DESCRIPTION KR20060016469

BACKLIGHT UNIT AND LIQUID CRYSTAL DISPLAY DEVICE INCLUDING THE SAME

1 is an exploded perspective view of a backlight unit according to an embodiment of the
present invention.

Fig. 2 is a plan view of the backlight unit of Fig. 1 from below. Fig.

3 is a side view for explaining the cooling process of the backlight unit of FIG.

4 is an exploded perspective view of a backlight unit according to another embodiment
of the present invention.

5 is a plan view showing the backlight unit of FIG. 4 from below.

6 is a side view for explaining the cooling process of the backlight unit of FIG.
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7 is an exploded perspective view of a backlight unit according to another embodiment
of the present invention.

8 is a plan view showing the backlight unit of FIG. 7 from the bottom.

9 is a side view for explaining the cooling process of the backlight unit of FIG.

10 is an exploded perspective view of a backlight unit according to another embodiment
of the present invention.

Fig. 11 is a plan view showing the backlight unit of Fig. 10 from below. Fig.

12 is a side view for explaining the cooling process of the backlight unit of FIG.

13 is an exploded perspective view showing a liquid crystal display device having the
backlight unit of FIG.

14 is an exploded perspective view showing a liquid crystal display device having the
backlight unit of Fig.

Description of the Related Art [{0002]

100

: Plane light source device 110: reflector

112
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: Coupling hole 120: Side wall

130

: Driving substrate 140: light emitting diode light source

[ 200]

200, 300: storage container 210, 310: bottom plate

[220]

220, 320: first side wall 230, 330: second side wall

{240]

240, 340: third side wall 250, 350: fourth side wall

[ 260}

260, 360: inner space 212, 312: through hole

[214]

214, 314: first drive circuit portions 222a, 322a, 332a, 342a, 352a: fan

|222]
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2228, 322b, 332b, 342b, 352b: fans 224, 324:

{500}

500, 600: backlight unit 800, 900 liquid crystal display

820

: Optical sheet 840: Liguid crystal display panel

842

: Thin film transistor substrate 844 liguid crystal

: Color filter substrate 848: Driving module

860

: Chassis

BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
relates to a backlight unit and a liquid crystal display including the same, and more
particularly, to a backlight unit and a liquid crystal display including the same. In general,
a liquid crystal display device displays an image using electrical and optical
characteristics of a liquid crystal. The liquid crystal display device is advantageous in
that it is very small in volume and light in weight compared to a CRT, and as a result, is
widely used in portable computers, communication devices, liquid crystal TVs, and the
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like. In order to control the liquid crystal, the liquid crystal display requires a liguid
crystal control part for controlling the liquid crystal and a light supply part for supplying
light to the liquid crystal. As the light supply part of the liquid crystal display device, a
cold cathode fluorescent lamp (CCFL) having a rod shape or a light emitting diode (LED)
having a dot shape is mainly used. The light emitting diode has the advantage of high
color reproducibility. However, the light emitting diode generates a lot of heat due to its
luminescent characteristics. Particularly, the light emitting diode has a lot of heat
radiated backward from the liquid crystal display device, and the temperature of the
storage container for storing the light emitting diode is extremely high. In order to
prevent an increase in the temperature of the storage container, the storage container
may include a heat sink having a metal material such as aluminum. However, even if the
storage container includes the heat sink, the thickness and weight of the storage
container increase, and the thickness and weight of the liquid crystal display also
increase. Therefore, when the light emitting diode is used as a light supply part of a
liquid crystal display device or when another device generating a lot of heat other than
the light emitting diode is used as a light supply part, the temperature of the storage
container may increase, And the weight increases. Accordingly, it is an object of the
present invention to provide a backlight unit having an increased cooling effect and
reduced thickness and weight. Another object of the present invention is to provide a
liquid crystal display device having the aforementioned backlight unit.

In order to achieve the object of the present invention, the present invention provides a
backlight unit including a light generating unit and a storage container. The light
generating unit generates light. The storage container houses the light generating
portion, and has an intake portion for sucking outside air and an exhaust portion for
releasing internal air. In order to achieve another object of the present invention, the
present invention provides a backlight unit including a light generating unit and a storage
container. The light generating unit generates light. The storage container houses the
light generating portion, and has an intake portion for sucking outside air and an exhaust
portion for discharging internal air. In order to achieve another object of the present
invention, the present invention includes a backlight unit and a liquid crystal display
panel. The backlight unit includes a light generating unit for generating light, and a
storage container for storing the light generating unit, an intake unit for sucking outside
air, and an exhaust unit for emitting internal air. The liquid crystal display panel displays
an image using light emitted from the light generating unit. In order to achieve another
object of the present invention, the present invention includes a backlight unit and a
liquid crystal display panel. The backlight unit includes a light generating unit for
generating light, and a storage container for storing the light generating unit, an intake
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unit for sucking outside air, and an exhaust unit for emitting internal air. The liquid
crystal display panel displays an image using light emitted from the light generating unit.
According to the present invention, the thickness and weight of the backlight unit are
reduced, and the cooling effect is increased. Further, the brightness and the contrast
ratio of the backlight unit are prevented from lowering. Hereinafter, a backlight unit and
a liquid crystal display including the same according to preferred embodiments of the
present invention will be described in detail with reference to the accompanying
drawings, but the present invention is not limited or limited by the following
embodiments. 1 is an exploded perspective view of a backlight unit according to an
embodiment of the present invention, and FIG. 2 is a plan view showing a backlight unit
of FIG. 1 from the bottorm. Referring to FIGS. 1 and 2, the backlight unit 500 includes a
surface light source device 100 and a storage container 200.

The surface light source device 100 includes a reflector 110, a side wall 120, a driving
substrate 130, and a plurality of light emitting diode light sources 140. The reflection
plate 110 has a rectangular flat plate shape and reflects downward light of the light
emitted from the light emitting diode light sources 140 upward. A plurality of coupling
holes 112 are formed in the reflection plate 110 so that the light emitting diode light
source 140 can be coupled. The side wall 120 is formed at the edge of the reflector 110
so that the surface light source device 100 can be easily coupled to the storage
container 200. In the present embodiment, the side wall 120 is formed at a pair of
opposing edges of the reflection plate 110. The driving substrate 130 is arranged at a
lower portion of the reflection plate 110. A driving power source is applied to the driving
substrate 130 to light the light emitting diode light sources 140. The light emitting diode
light sources 140 are arranged in a line on the driving substrate 130 and are coupled to
the upper surface of the reflection plate 110 through the coupling holes 112. Preferably,
the light emitting diode light sources 140 include a red light emitting diode R for
generating red light, a green light emitting diode G for generating green light, and a blue
light emitting diode B for generating blue light. The red light, the green light, and the
blue light emitting diodes R, G, and B generate white light according to a predetermined
combination ratio. For example, the ratio of the number of the red light emitting diode R,
the number of the green light emitting diode G, and the number of the blue light emitting
diode B way be 2: 1: 1 or 2: 2: 1. Further, the red light, the green light, and the blue
light light emitting diodes R, G, and B may be disposed more than the numbers shown in
FIG. Alternatively, the light emitting diode light sources 140 may include a white light
emitting diede that generates white light. The storage container 200 houses the surface
light scurce device 100. The storage container 200 includes a bottom plate 210, a first
side wall 220, a second side wall 230, a third side wall 240 and a fourth side wall 250.
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The bottom plate 210 has a rectangular plate shape and includes a first driving circuit
214 and a plurality of through holes 21Z. The first driving circuit portion 214 is disposed
on the bottom plate 210 and drives the surface light source device 100. The through
holes 212 are formed in a portion excluding the portion where the first driving circuit
portion 214 is disposed, and are formed through the bottom plate 210. Through the
through holes 212, air can be moved. [n the present embodiment, the through - holes 212
serve as an intake unit in which external air is sucked. The first to fourth sidewalls 220,
230, 240, and 250 extend from the edges of the bottom plate 210 to form a storage
space and an inner space, respectively. The first sidewall 220 is disposed at one edge of
the bottom plate 210 and is preferably not perpendicular to the bottom plate 210.
Specifically, the first side wall 220 is inclined outward with respect to the bottom plate
210. Alternatively, the first sidewall 220 may be perpendicular to the bottom plate 210.
The second to fourth sidewalls 230, 240 and 250 are respectively disposed at the other
edge portions of the bottom plate 210 and are perpendicular to the bottom plate 210.
The second sidewall 230 is disposed adjacent to the first sidewall 220. The third
sidewall 240 is disposed adjacent to the second sidewall 230 and faces the first sidewall
220. The fourth sidewall 250 is disposed adjacent to the first and third sidewalls 220
and 240 and opposes the second sidewall 230. The first sidewall 220 is formed with a
plurality of fans 222a. The fans 222a are actuated to cause air to flow out of the internal
space. Accordingly, the heat generated from the surface light source device 100 is
transmitted to the outside from the inper space. In the present embodiment, the fans
Z22a function as an exhaust unit that emits internal air. The first sidewall 220 may
further include a second driving circuit portion 224.

The second driving circuit portion 224 is disposed on the first sidewall 220 and Includes
components of the apparatus having the backlight unit 100 according to the present
embodiment as a light supply part, And can be used for driving the liguid crystal display
panel. Alternatively, the second driving circuit portion 224 may be disposed on the
second to fourth sidewalls 230, 240, and 250. Meanwhile, the first to fourth sidewalls
220, 230, 240 and 250 may be coupled to the reflector 110 of the surface light source
device 100 in a hook - like manner. Hereinafter, the cooling process of the backlight unit
having the above - described structure will be described in detail with reference to the
drawings. 3 is a side view for explaining the cooling process of the backlight unit of FIG.
Referring to FIG. 3, the light emitting diode array substrate 110 of the surface light
source device 100 is driven to generate heat. The temperature of the air staying in the
internal space 260 between the surface light source device 100 and the storage
container 200 is raised by the heat. The heated air is discharged to the cutside of the
backlight unit 500 by the plurality of fans 222a formed on the first sidewall 220. When
the hot alr is discharged to the cutside of the backlight unit 1000, the pressure of the
inner space 260 is lowered. Therefore, cold air, which is cooler than the hot air in the
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inner space 260, flows from the outside of the backlight unit 500 through the through
holes 212. Accordingly, the processes of releasing the high - temperature internal air
and the low - temperature external air are continuously repeated, and as a result, the
heat generated in the surface light source device 100 is cooled by the flow of air.
Particularly, the cooling process according to the present embodiment is mainly
performed by free convection of air. That is, the temperature of the air in the internal
space 260 rises due to the heat generated in the surface light source device 100, and
the high temperature air rises upward in the internal space 260 by the convection action.
And is then discharged to the outside by the discharge ports 222a.

Then, the outside low - temperature air flows into the internal space 260 through the
through - holes 212, and the temperature is raised by the heat generated in the surface
light source device and is raised by the convection action . In this embodiment, the
through holes are formed on the bottom plate, but the through holes may be additionally
formed in the first to fourth sidewalls, and may be formed only in the first to fourth
sidewalls . That is, the through - hole may be formed in at least one of the bottom plate
and the first to fourth sidewalls. Also, in this embodiment, the fan is formed on the first
sidewall, but the fan may be additionally formed on at least one of the bottom plate and
the second to fourth sidewalls. Meanwhile, in the present embodiment, the surface light
source device including the light emitting diode is used as a light generating portion, but
an apparatus including another light source requiring cooling may alsc be applied as the
light generating portion of the present invention. According to the present embodiment,
the components that perform the cooling function directly are formed in the storage
container of the backlight unit. Therefore, the thickness and weight of the backlight unit
are reduced. In addition, the cooling effect is increased by the natural convection
phenomenon according to the operation of the compenents. Thus, the luminance and
contrast ratio of the backlight unit are prevented from lowering. 4 is an exploded
perspective view of a backlight unit according to another embodiment of the present
invention, and FIG. § is a plan view showing a backlight unit of FIG. 4 from the bottom.
Referring to FIGS. 4 and 5, the backlight unit 600 includes the surface light source
device 100 and the storage container 300. The planar light source device 100 employed
in the present embodiment has the same structure and function as the planar light
source device shown in FIG. 1, and thus a repetitive description thereof will be owmitted.
The storage container 300 houses the surface light source device 100. The storage
container 300 includes a bottom plate 310, a first side wall 320, a second side wall 330,
a third side wall 340 and a fourth side wall 350. The bottom plate 310G has a rectangular
plate shape and includes a first driving circuit portion 314 and a plurality of through
holes 312.
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The first driving circuit portion 314 is disposed on the bottom plate 310 and drives the
surface light source device 100. [ The through holes 312 are formed in a portion
excluding the portion where the first driving circuit portion 314 is disposed, and are
formed through the bottom plate 310. Through the through holes 312, air can move. In
the present embodiment, the through - holes 312 serve as an intake unit in which outside
air is sucked. The first to fourth sidewalls 320, 330, 340, and 350 extend from the
edges of the bottom plate 310, respectively, to form a storage space and an inner space.
Fach of the first to fourth sidewalls 320, 330, 340 and 350 is disposed at one edge of
the bottom plate 310 and is preferably not perpendicular to the bottom plate 310.
Specifically, the first to fourth sidewalls 320, 330, 340, and 350 are inclined outward
with respect to the bottom plate 310. Alternatively, some or all of the first through
fourth sidewalls 320, 330, 340, and 350 may be perpendicular to the bottom plate 310.
The first to fourth sidewalls 320, 330, 340, and 350 are sequentially disposed adjacent
to each other. The first sidewall 320 and the third sidewall 340 are opposed to each
other and the second sidewall 330 and the fourth sidewall 350 are opposed to each
other. A plurality of fans 322a, 332a, 342a, and 352a are formed on the first to fourth
sidewalls 320, 330, 340, and 350, respectively. The fans 322a, 332a, 342a, and 352a
are actuated to cause air to flow out of the interior space. Accordingly, the heat
generated from the surface light source device 100 is transmitted to the outside from
the inner space. In the present embodiment, the fans 322a, 332a, 342a, and 352a
function as an exhaust unit that emits internal air. The first sidewall 320 may further
include a second driving circuit portion 324. The second driving circuit portion 324 is
disposed on the first sidewall 320 and includes components of the apparatus having the
backlight unit 100 according to the present embodiment as a light supply part, And can
be used for driving the liquid crystal display panel

Alternatively, the second driving circuit portion 324 may be disposed on the second to
fourth sidewalls 330, 340 and 350. Meanwhile, the first to fourth sidewalls 320, 330,
340 and 350 may be coupled to the reflector 110 of the surface light source device 100
in a hook - like manner. Herelnafter, the cooling process of the backlight unit having the
above - described structure will be described in detail with reference to the drawings. 6
is a side view for explaining the cooling process of the backlight unit of FIG. Referring to
FIG. 6, the driving substrate 130 of the surface light source device 100 is driven to

generate heat. The temperature of the air staying in the internal space 360 between the

surface light source device 100 and the storage container 300 is raised by the heat. The
raised temperature of the air is discharged to the outside of the backlight unit 2000 by
the plurality of fans 322a, 332a, 342a, and 352a formed on the first to fourth sidewalls
320, 330, 340, When the hot air is discharged to the outside of the backlight unit 2000,

the pressure of the inner space 360 is lowered. Therefore, cold air, which is cooler than

the hot air in the inner space 360, flows from the outside of the backlight unit 2000
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through the through holes 312. Accordingly, the processes of releasing the high -
temperature internal air and the low - temperature external air are continuously
repeated, and as a result, the heat generated in the surface light source device 100 is
coocled by the flow of air. In this embodiment, the through holes are formed on the
bottom plate, but the through holes may be additionally formed in the first to fourth
sidewalls, and may be formed only in the first to fourth sidewalls . That is, the through -
hole may be formed in at least one of the bottom plate and the first to fourth sidewalls.
Further, in this embodiment, the fan is formed on the first to fourth sidewalls, but the fan
can be additionally formed on the bottom plate, and the fan can be formed on the bottom

plate and the first to fourth side walls As shown in FIG.

That is, the fan may be formed on at least one of the bottom plate and the first to fourth
sidewalls. Meanwhile, in the present embodiment, the surface light source device
including the light emitting diode is used as a light generating portion, but an apparatus
including another light socurce requiring cooling may also be applied as the light
generating portion of the present invention. According to the present ebodiment, the
components that perform the cooling function directly are formed in the storage
container of the backlight unit. In particular, the fans are formed in the various sidewalls
of the storage container to further improve the cooling function. Therefore, the
thickness and weight of the backlight unit are reduced. In addition, the cooling effect is
increased by the natural convection phenomenon according to the operation of the
components. Thus, the luminance and contrast ratio of the backlight unit are prevented
from lowering. 7 is an exploded perspective view of a backlight unit according to another
embodiment of the present invention, and Fig. 8 is a plan view showing a backlight unit
of Fig. 7 from the bottom. In the third embodiment, elements having the same structure
and function as the elements in the first embodiment are denoted by the same reference
numerals, and a detailed description thereof will be omitted. Referring to FIGS. 7 and 8,
a plurality of fans 222b are formed on the first sidewall 220. As shown in FIG. The fans
222b are operated to flow air from the outside to the inner space. Accordingly, the heat
generated in the surface light source device 100 is cooled by the low - temperature air
introduced from the outside. In the present embodiment, the fans 222b function as an
intake unit for sucking outside air. In addition, the fans 222b act as a cooler for cooling
the surface light source device 100 actively. Hereinafter, the cooling process of the
backlight unit having the above - described structure will be described in detail with
reference to the drawings. 9 is a side view for explaining a cooling process of the
backlight unit of FIG. Referring to FIG. 9, the driving substrate 130 of the surface light
source device 100 is driven to generate heat. The temperature of the air staying in the
internal space 260 between the surface light source device 100 and the storage
container 200 can be increased by the heat.
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Here, the fans 222 b inject the outside air of the low temperature backlight unit 500 into
the internal space 260 at a high speed. The injected outside air collides with a reflecting
plate 110 where heat is generated to cool the reflecting plate 110. Meanwhile, since the
outside air is introduced into the inside by the fans 222b, the internal pressure
increases. Therefore, the air in the inner space 260 is discharged to the outside of the
backlight unit 500 through the through holes 212. As a result, the inflow of the low -
temperature external air and the high - temperature internal air are continuously
repeated, and as a result, the heat generated in the surface light source 100 is cooled by
the flow of air. Particularly, the cooling process according to the present embodiment is
mainly performed by the forced convection phenomenon of the fans 222b functioning as
the cooler. That is, the low - temperature external air introduced by the fans 222b
collides with the surface light source device 100 generating heat at a high speed to cool
the surface light source device 100. { Accordingly, the fans 222a according to the first
embodiment have a passive function of discharging the hot air of the internal space 260
to the outside, whereas the fans 222b according to the present embodiment are active
Function. Generally, heat transfer effect by forced convection is greater than heat
transfer effect by natural convection phenomenon. Therefore, the cooling according to
the present embodiment can be more effective. In the present embodiment, the through
holes are formed on the botiom plate, but the through holes may be additionally formed
in the first to fourth sidewalls, and may be formed only in the first to fourth sidewalls.
That is, the through - hole may be formed in at least one of the bottom plate and the first
to fourth sidewalls. Also, in this embodiment, the fan is formed on the first sidewall, but
the fan may be additionally formed on at least one of the bottom plate and the second to
fourth sidewalls. Meanwhile, in the present embodiment, the surface light source device
including the light emitting diode is used as a light generating portion, but an apparatus
including another light socurce requiring cooling may also be applied as the light
generating portion of the present invention.

According to the present embodiment, the components that perform the cooling function
directly are formed in the storage container of the backlight unit. Therefore, the
thickness and weight of the backlight unit are reduced. In addition, the forced convection
phenomenon in accordance with the operation of the above components increases the
cooling effect. Thus, the brightness and contrast ratio of the backlight unit are prevented
from lowering. 10 is an exploded perspective view of a backlight unit according to
another embodiment of the present invention, and FIG. 11 is a plan view showing a
backlight unit of FIG. 10 from below. In the fourth embodiment, elements having the
same structure and function as the elements in the second embodiment are denoted by
the same reference numerals, and a detailed description thereof will be omitted.
Referring to FIGS. 10 and 11, a plurality of fans 322b, 332b, 342b, and 352b are formed
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on the first to fourth sidewalls 320, 330, 340, and 350, respectively. The fans 322b,

332b, 342b, and 352b can cool the heat generated from the surface light source device
100 by sucking outside air at a low temperature. In the present embodiment, the fans
322b, 332b, 342b, and 352b function as an air intake unit for sucking cutside air. In
addition, the fans 322b, 332b, 342b, and 352b function as a cooler for actively cooling

the surface light source device 100. | Hereinafter, the cooling process of the backlight
unit having the above - described structure will be described in detail with reference to

the drawings. 12 is a side view for explaining the cooling process of the backlight unit of
FIG. Referring to FIG. 12, the driving substrate 130 of the surface light source device

100G is driven to generate heat. The temperature of the air staying in the internal space
360 between the surface light source device 100 and the storage container 300 can be
increased by the heat. The fans 322b, 332b, 342b, and 352b inject outside air of the low
temperature backlight unit 600 into the internal space 360 at a high speed. The injected
cutside air collides with a reflecting plate 110 where heat is generated to cool the
reflecting plate 110.

Meanwhile, since the cutside air is introduced into the inside by the fans 322b, 332b,
342b, and 352b, the internal pressure increases. Therefore, the air in the inner space
360 is discharged to the outside of the backlight unit 600 through the through holes 312.
As a result, the inflow of the low - temperature external air and the high - temperature
internal air are continuously repeated, and as a result, the heat generated in the surface
light source 100 is cooled by the flow of air. In the present embodiment, the through
holes are formed on the bottom plate, but the through holes may be additionally formed
in the first to fourth sidewalls, and may be formed only in the first to fourth sidewalls.
That is, the through - hole may be formed in at least one of the bottom plate and the first
to fourth sidewalls. Further, in this embodiment, the fan is formed on the first to fourth
sidewalls, but the fan can be additionally formed on the bottom plate, and the fan can be
formed on the bottom plate and the first to fourth side walls As shown in FIG. That is,
the fan may be formed on at least one of the bottom plate and the first to fourth
sidewalls. Meanwhile, in the present embodiment, the surface light source device
including the light emitting diede is used as a light generating portion, but an apparatus
including another light source requiring cooling may also be applied as the light
generating portion of the present invention. According to the present erbodiment, the
components that perform the cooling function directly are formed in the storage
container of the backlight unit. In particular, the fans are formed in the various sidewalls
of the storage container to further improve the cooling function. Therefore, the
thickness and weight of the backlight unit are reduced. In addition, the forced convection
phenomenon in accordance with the operation of the above components increases the
cooling effect. Thus, the luminance and contrast ratio of the backlight unit are prevented
from lowering. Liquid Crystal Display Device Embodiment 5 Fig. 13 is an exploded
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perspective view showing a liquid crystal display device having the backlight unit of Fig.
13, the liquid crystal display device 800 includes a backlight unit 500, a liquid crystal
display panel 840, and a chassis 860.

The backlight unit 500 employed in this embodiment has the same structure and function
as those of the backlight unit shown in FIG. 1, and thus a repetitive description thereof
will be omitted. The liquid crystal display panel 840 displays an image using light
emitted from the surface light source device 100. The liguid crystal display panel 840
includes a thin film transistor (TFT) substrate 842, a liquid crystal 844, a color filter
substrate 846, and a driving module 848. The TFT substrate 842 includes a pixel
electrode (not shown) arranged in a mairix form, a thin film transistor (not shown}, a
gate line (not shown) and a data line (not shown) for applying a driving voltage to each
of the pixel electrodes . The color filter substrate 846 includes a color filter (not shown)
arranged to face the pixel electrode formed on the TFT substrate 842, and a commaon
electrode (not shown) formed on the color filter. The liquid crystal 844 is interposed
between the TFT substrate 842 and the color filter substrate 846. The driving module
848 drives the liquid crystal display panel 840. Alternatively, the second driving circuit
portion 224 may be disposed on one of the bottom plate 210 and the first to fourth side
walls 220, 230, 240, and 250 io drive the liquid crystal display panel 840. The edge of
the color filter substrate 848 is enclosed by the chassis 860 and a part of the chassis
860 is coupled to the storage container 200. The chassis 860 prevents breakage of the
liquid crystal display panel 840 which is vulnerable to an external impact and prevents
the liguid crystal display panel 840 from flowing. The liquid crystal display device 800
may further include an optical sheet 820 for improving luminance uniformity of the light
emitted from the surface light source device 100. The optical sheet 820 may include a
diffusion sheet, a prism sheet, a protective sheet, and the like. A middle chassis (not
shown} may be further provided on the optical sheet 820. The middle chassis abuis the
optical sheet 820 to press the optical sheet 820 toward the storage container 200 side.

According to the present embodiment, the components that perform the cooling function
directly are formed in the storage container of the backlight unit. Therefore, the
thickness and weight of the backlight unit are reduced. In addition, the cooling effect is
increased by the natural convection phenomenon according to the operation of the
components. Thus, the thickness and weight of the liquid crystal display including the
backlight unit are reduced, the cooling effect is increased, and the luminance and
contrast ratio are prevented from lowering. Embodiment 6 Fig. 14 is an exploded
perspective view showing a liquid crystal display device having a backlight unit of Fig.
14, the liquid crystal display device 900 includes a backlight unit 600, a liquid crystal
display panel 840, and a chassis 860. The liguid crystal display device according to this
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embodirment has the same structure and function as those of the liquid crystal display
device according to the fifth embodiment except for the backlight unit. Further, the
backlight unit 600 employed in this embodiment has the same structure and function as
the backlight unit shown in Fig. According to the present embodiment, the components
that perform the cooling function directly are formed in the storage container of the
backlight unit. Therefore, the thickness and weight of the backlight unit are reduced.
Further, by the forced convection phenomenon according to the operation of the
components, the cooling effect is increased. Thus, the thickness and weight of the liquid
crystal display device including the backlight unit are reduced, the cooling effect is

increased, and the decrease in luminance and contrast ratio is prevented.

As described above, according to the present invention, according to the present
embodiment, the components that perform the cooling function directly are formed in the
storage container of the backlight unit. Therefore, the thickness and weight of the
backlight unit are reduced. Further, the natural convection phenomenon or the forced
convection phenomenon caused by the operation of the above - mentioned components
increases the cooling effect. Thus, the thickness and weight of the liguid crystal display
including the backlight unit are reduced, the cooling effect is increased, and the
fuminance and contrast ratio are prevented from lowering. While the present invention
has been described in connection with what is presently considered to be practical and
exemplary embodiments, it is to be understood that the invention is not limited to the
disclosed embodiments, but, on the contrary, It will be understood by those skilled in the
art that various changes in form and details may be made therein without departing from

the spirit and scope of the invention.
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CLAIMS KR20060016469

A light generating unit for generating light; And a storage container for storing the lght
generating part and including an intake part for sucking outside air and an exhaust part
for releasing internal air.

N

The backlight unit of claim 1, wherein the storage container includes a bottom plate and
a plurality of side walls extending from an edge of the bottom plate to provide a storage
space for accommodating the light generating unit.

3. The apparatus of claim 2, wherein the sidewalls comprise a first sidewall, a second
sidewall disposed adjacent the first sidewall, a third sidewall disposed adjacent the
second sidewall and opposite the first sidewall, And a fourth sidewall disposed adjacent
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the third sidewall and opposite the second sidewall.

4. The air conditioner according to claim 3, wherein the intake portion includes at least
one through - hole formed in at least one of the bottom plate and the first to fourth
sidewalls, and the exhaust portion includes at least one of the bottom plate and the first
to fourth sidewalls & Lt; / RT1 & gt; wherein the backlight unit comprises at least one
fan formed on at least one of the plurality of light sources.

&

The backlight unit according to claim 4, wherein the through hole is formed through the
bottom plate, and the fan is formed on the first side wall.

o2

The backlight unit accerding to claim 5, wherein the first side wall is inclined ocutward

with respect to the bottom plate.

The backlight unit according to claim 4, wherein the fan is formed on the first to fourth
sidewalls, respectively.

The backlight unit according to claim 2, further comprising a first driving circuit part
disposed on one of the bottom plate and the side walls of the storage container to drive
the light generating part.
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The backlight unit according to claim 1, wherein the light generating unit is a surface
light source device.

The backlight unit according to claim 9, wherein the surface light source device includes
a light emitting diode light source.

11.

11. The backlight unit according to claim 10, wherein the surface light source device
further comprises a reflector disposed between the storage container and the light
emitting diode light source.

12.

A light generating unit for generating light; And a storage container for storing the light
generating portion and including an intake portion for sucking outside air and an exhaust
portion for discharging internal air.

13.

13. The apparatus of claim 12, wherein the containment vessel includes a bottom plate
and a plurality of side walls extending from an edge of the bottom plate to provide a
containment space for receiving the light generating unit, A second sidewall disposed
adjacent to the first sidewall, a third sidewall disposed adjacent the second sidewall and
opposite the first sidewall, and a second sidewall disposed adjacent the first and third
sidewalls, Wherein the first side wall is a first side wall.
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14.

14. The air conditioner of claim 13, wherein the exhaust unit includes at least one
through hole formed in at least one of the bottom plate and the first to fourth sidewalls
of the storage container, Wherein the at least one fan comprises at least one fan formed
on at least one.

15. The backlight unit according to claim 14, wherein the through - hole is formed
through the bottom plate, and the fan is formed on the first side wall.

16.

16. The backlight unit according to claim 15, wherein the first side wall is inclined

outward with respect to the bottom plate.

17.

14. The backlight unit of claim 13, further comprising a first driving circuit part disposed
on one of the bottom plate and the sidewalls of the storage container to drive the light
generating part.

18.

13. The backlight unit of claim 12, wherein the light generating unit is a surface light

source device including a light emitting diode light source.

19.
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19. The backlight unit of claim 18, wherein the surface light source device further
comprises a reflector disposed between the storage container and the light emitting
diode light source.

20.

A backlight unit including a light generating unit for generating light. and a storage
container for storing the light generating unit and including an intake unit for sucking
outside air and an exhaust unit for releasing internal air; And a liquid crystal display
panel for displaying an image using light emitted from the light generating unit.

21.

21. The apparatus of claim 20, wherein the containment vessel includes a bottom plate
and a plurality of sidewalls, wherein the intake section includes at least one through -
hole formed through at least one of the bottom plate and the sidewalls, A bottom plate,
and at least one fan formed on at least one of the side walls.

22.

22. The liquid crystal display of claim 21, wherein the through hole is formed through
the bottom plate, and the fan is formed on a first sidewall of the sidewalls outwardly
inclined with respect to the bottom plate.

23. The liquid crystal display of claim 22, wherein the fan is formed on each of the side
walls, and each of the side walls is inclined outward with respect to the bottom plate.

24.
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21. The liquid crystal display of claim 20, wherein the light generating unit is a surface
light source device including a light emitting diode light source.

o
J1

The liguid crystal display device according to claim 20, further comprising: a first
driving circuit part disposed on one of the bottom plate and the sidewalls for driving the
light generating part; and a second driving circuit part disposed on one of the bottom
plate and the sidewalls And a second driving circuit unit arranged on the second
substrate.

26.

286. The apparatus of claim 25, wherein the first driving circuit portion is disposed on a
bottom plate of the storage container, and the second driving circuit portion is disposed
on a first sidewall of the sidewalls that is inclined outward with respect to the bottom
plate .

27.

A backlight unit including a light generating unit for generating light, and a storage
container for storing the light generating unit and including an intake unit for sucking
cutside air and an exhaust unit for releasing internal air; And a liquid crystal display

panel for displaying an image using light emitted {from the light generating unit.

28.

28. The apparatus of claim 27, wherein the containment vessel includes a bottom plate
and a plurality of sidewalls, wherein the exhaust section includes at least one through -
hole formed through at least one of the bottom plate and the sidewalls, A bottom plate,
and at least one fan formed on at least one of the side walls.

25-08-2017 6

SEC et al. v. MRI
SEC Exhibit 1022.4166
IPR2023-00221



25-08-2017 7

SEC et al. v. MRI
SEC Exhibit 1022.4167
IPR2023-00221



(51 , Int. C18

GOZF 1/13357 (2006.01)

(19 FI=E3 B (KR)
(12) A5 T EH(A)

(11) 345
(43) FML=A

F/NE8] 10-2006-0016469

10-2006-0016469
2006302¥22¢

@en &

HE 10-2004-0064922

(22) =44 2004:108€18¢Y
(71 &9 A AAFA A

A% 2904 AET WAE 416
(72) @3 W

BI% SN 7154 HE 487-5
(74) B}l RS

NG BN R

(54) gElolE 2 &

o] EFe

bl b1 W b a
a1
s
i1
K
o,
©
o
fm
Jo
sT
o

=«

SEC et al. v. MRI
SEC Exhibit 1022.4168
IPR2023-00221



F/NE8] 10-2006-0016469

o

7e B wgel o Ax o e Wk £ 19 2a) A4 2ol T,

Kt

8 & 72 YeholE fAE sHe-cll A mAIE R ot

08 £ 79 MetolE 4110 W2k $4 e 2Eay) 1% SR selt

E 11 2102 WEke] B fE SRl M EATRE RIS

= 122 £ 109) Webol = 119 97 dge Agats] A Swmold
£ 130 £ 19 wiko = §ul 2 ARHAINE Lhehlis o) A4 Rt

H
o
(@)
2=
ol
o
o
N
—
—
o
=

>
>
&

130 % 719 140 wH3g Thel 0. 39

200,300 : =% €7] 210,310 : vfetst

220,320 : A1 54 230,330 : A2 54

210,310 : A3 Z¥] 250,350 : A4 59

260,360 1 W& 575 212,312 #%F

214,314 : A1 TF 3|25 222a,322a,332a,342a,352a : #
222h,322b,3321,342h,352b : © 224,324 ¢ A2 & =
500,600 @ B}l = F5 800,900 : A4 FA| 3]

820 : 3k A E 840 : FAEA AL

842 1 dhdl E x| AE )5} 844 @ AA

846 : AT]HE 71W 848 : T BE

860 AFAl

SEC et al. v. MRI
SEC Exhibit 1022.4169
IPR2023-00221



F/NE8] 10-2006-0016469

= g2 e E W Bl olg TEEhs QA EAFA ) AT ACRA, BTk A SHA BIHE FEAEF e
W ol E FHl I 01% E@'é}? NG TA A g Aol vk,

[*]

s oz, A EAGAE Ao A4 54 % FoA 542 ol gshel G tlaFalo] sk 4] A 4A §A

[}
CRT 5ol Hlated &30} vf¢- 2pal FAZF 7b & A9 223, 2 25 Foi8 HFH, 24 7170, 44 TV 5 24
[<]

ARG S I ST

=
p
p

A7 BAFE A olsr] Adll, &7 HBUA A= 7] AP L
TR AES A 3y A7 AP FZAEA Y] ] BER s
Cathode Fluorescent Lamp, CCFL) & T & 45

(m 2
2

o
o rr

A7) m ol o o nAEge] Fe etk Dol A7) B Tl 9 B 1 544 Be 98 B4eT 5,
A7) thel o Bt NYHAGA S H2 WA ol o), 47] B ol 058 Fyrehis £ §7]9] LA v
.

47 % 2748 A7) A9, A7) S B0 SRUES ge B ARE 28 SE YA heat sink)

= g =
&1 A R A L S st

wHehA, 7] W vel QB8 A EA A BT hER ALESHE A, 4] 8% Theles o] @e do]
gote e 4R E PEE HEL Agate 75%, A7) S5k 8719 R BAAL, TA R FA7F S

e oz
—z

I

I o
o

(i

o

o

o

ATPAE ER 47 ol f &
= ’ g HEE R PR = R R}
g 4718 £ahaT 47] BARANLE 47 B AR YT FATE FE ol dob] G RS

off ot ffe a2l

ox, o
1

& WeholE ful A AN S A 4] Hetel= fule
ArR AL BRI )

AL ol gate] GEE FAIR

off ofl rf
oX, 1o s
T,

= o
> e
tmﬁg i

ol maw, WetelE 5139 T4 & FAVF Fas L, @2 anr) Sy B detelE f5l 3l 2 2E
H](contrast ratio)¢] A3}& HA] st}

olsl, @4 E:ES_%% RaEs
dted AAEA ek, &

SEC et al. v. MRI
SEC Exhibit 1022.4170
IPR2023-00221



F/NE8] 10-2006-0016469

W) o AAo]o] WE W= G0 Fef AN o, E 2k E 19 WekolZ f3 L Sl A EAF 3

2143 528 g2, WMol E {6000 Bg¢l A2 (100) ¥ 4 &71(20008 gkt

71 A A 00 WHARE(110), FH(120), T 7)8(130) B 52 93 thel L= FHA(140)ES £

7] HRARKI10) S A B3F FRE 74, 7] 23 thel & FH(1400E2 5 LA ¥ 5 oz Fehe 2
ez Ak Th A7) AR (10)d = 7] 2o thel e = (14000 2HE 5 AES, 5o AE30 12)501
FAE

37] Z(120)2 47] WAK110)9) o3| ol HAEof, 7] el A3 (100)7) 47 45 £21(200)5 &0l 571 4
FRES A 2 AN oA, A7) 21202 7] SARR110)8] ek 2 4] ol 2Bl F4un

0)9] shF-ell A s et 15 dgho] 7] & 71|30l A7 &

A7) 8 71 H(130)2 37 RHARR(1L
7] He o

] d
i thol o & H U140 ES

27 Wt thol 9.5 FA(l40)E L A7) T% 714&(130) Abell 2 E 2 i] :a i, A7) A (112)ES dFsto] 47 gt
AFH(110) 9] *”%ﬂ A& s AGEY. w3, 4] B vel o Q140 EL, 4032 B3 - Ju3 &
F o]l LER), HA3E HA G 4G 3 thol E(G) B %‘M%g HEMI, sk A A 3 vhel e E(B)E s gghct
A7) Ay, A g A kg tho] L. = E(R,G,B) S 4~ o] 23w o8] Wage T oS A AT
4 O] E(R), A g tho] R 5(G) W A A g thol Q=B 9] g W 2i10, Bl 212018 ?—H% T 9l
oh, sk, Aby] Ak oalsk gl a8 sk aksk E}O]iE%(R,G,B)% 1o =AIH sRu o Wl MiAE  slth olote
a3, *Pﬂ g thol 9 & FY(140) 52 WA F & At A F B tho] 9 =& EFE $ )

71 e E712000F 7] BFY FAQ00E et 471 o 7120008 vFEH210), A1 53 (220), A2 =
B (230), 13 £¥(240) E A4 S8 (26500 T3}

A7 S (210)2 AAb4E gy aks 2a, A1 TF I 2t (214) 2 S50 #ETQIDES ¥Fs ) A1
T& 2214 A7) vhE(210) Aol Wi E 2, 47 1 g ﬂx}(loo% TE3 A7 BETQIDELS A7) Al
1% 217 iix g S A9 sk el AR I, A7) U}Q&(zlo) Bt AET 47 ﬂ“ﬂ(ZlZ)
58 Fabod, 3717} 015 5 9k B AAldel A, A7) HEZTC1DE F 3777 EYEE 7179 715 S

471 A1 R A4 S8 E(220,230,240,250)2 7] vFeEr(210)2] o A 5
e FYT

i

B2HY 27 A

i
2
&

WL uE

371 AL FH (2202 471 vFEIH21009] @ of| A 5ol WA E 5L, wh e, A7) vEsk210)9 A8 geth v
AH oz A7) A1 (22002 47 H}E}J&(mo)ﬂ el Q& oz FAR o]et ], Ar] A1 S9(220)2 47
v (210) 3 AT 5 Ak A7) A2 WA A4 FHE5(230,240,250) 7] vhE 4210)31 g2 | X REof| 22} )

A H AL, A7) vk (210 T} AT 4] A2 %‘1?(230) A7) AL FHY(220)3) Qg ste] WA E T Fr] A3 &
(24002 471 A2 SH(230)3% <1753+ Hﬂ?‘] 471 AL S 22003 hEd. ”71 A4 FH(R50)02 7] A1 2
A3 ¥ E(220,240) 7 <17 8ke] vi X ¥ 12 92300 % gt

A7 A1 FE(220)4 & 55479 (fan,222a)E°] L8 47 B(222)E2 75 47 WT &3
N7 22 2sach meba], 47 W39 A2 10004 Y e A7) i F7he A R AUtk B A Ao A,
A7 W22 WF 2718 & w7 Ry 7% & Sk

SEC et al. v. MRI
SEC Exhibit 1022.4171
IPR2023-00221



F7NE8] 10-2006-0016469

A7 AL FHE20)E A2 75 RO W EFY ATE 7] A2 1 FEFQC20 A7) Al Y (220) 4
AR, & AAelo] B Aol (100 B o HE Ao H15) P DA, A8 £ AN G
HATA S PR ool A8 4 Gl ook sl 4] A2 FE 92 H@20E A7) A2 A A4 S0E
(230,240,250) “dl] wj=2 5= e},

ﬂ Ho]-

A

A4 E8E(220,230,240,250)2 471 W3 AAA00¢] E7) sALR1103} T3 A%

o{r{

o3t W& TEE = Y7 Wkl f1¢] B2t HAS NG Fashel Aok Bt

= 38 Pz, ] |3 AR000)9] 7] g tho] @ & of#leo] ZIgH(110)e] TES o] deo] MASTE A7) dell
o3 A7) WFD FH(100) D A7) 42 £7](200) Abole] A7) YF FIH260) AFel: 79 2w} A 4
7] 2= SR TVE 4V AL S9@20)0 B4 E B9 M(ZZZa)ﬁl SlelA 7] Wete] E fH(500)9] ¢ 5 &
WEET A7) 229 F7|7) A7) WEle| E f5(1000)¢) & F-2 WEEH, 7] Y F7H260)9] gtEo] delxit), u)
241, 47 E

920l = FHGO0S) S TRE 47 A BLE60S 22 FoR A7 AL T2} 4] 9T
(212 & Fobol fARE. ololl wheh, w2 o U B9 $E % AL 92 B8] £ AR E] ALALR B
3L, AT 7] HEE AAA00 A BT HL F7] Y Sl st WE T

53], & Aalde w2 Y7t 34L& F2 F7]¢] 2 g fF(free convection) gl ¢JallA] o] FoART F, 7] WF

100) 9l 4 “ﬂ‘?} dol o6, 7] Wi F4H260)9) T2 2E7) Festal, A7) a2 T e EF 2Ed 93]
R Z7H260) 2] AW o2 Asdle] A7) W(222a)8¢ 3 952 WEHT o]0l R AL T = ‘71
F212)EE Fah A7) W F- FzH2e60) o2 FdHa, Al 7] g Ao A] A3 G o6, 2xr) dEE
F 2o o8 s He AL A

a8,
£

B Ao, 7] FHEBE 7] uhebw bl HAEA R, 7] BEEL 47] AL WA A4 FH S Fohw HAE &
W, 47 AL A S S E GHE F5 ATk 2, 3] HFSL vhew 2 YY) AL A A4 SHE F ol= 3
F olapel 94 4 Sk

LA, 47 B 47 AT 0 ) GRS, 7] B R A7) A2 WA AL SE ol

B, B AN A, 7] B Tho QES kel 4] WHY FRTF F ARE ol §HAY, Wrto] LT HE T

Y98 mgehs A E LAy g Ay 448 5 Ao

2 Axele] 2, 47] Weke = o] 47 o 706 A% W A5 FAshs T4 Lage] GAN HebA,
zls_],

:‘,:
7] HetelE file] Al R FAVE g B, ) 7 LAE] gl i B A ol F Al olel, 37t
a7h F7rE. ofdl wheh, A7) wetelE fule] A= 3 2R BN 9] Adks Al d

Al X Q;1 2

=43 2wyl e Ao BE vk E f5le] Ba) AN Eel T, 51k % 49] Wghe] £ f5& ahyol A A g
BT,

549 552 g, ek E §16008 R F2(100) D 4 471(300% ¥}

2F
=

Mo
o2,

2 Ao Agn 47 U3 FAA00)E = 1d ZAE HFY FR) 9 72 L 75 AR E, v Ags
Eia=

471w E71(300)F 47 Bdd L?’<](IOO)§ FEET A7 S 713002 v (310), Al S3(320), A2 =
H(330), A3 51(340) R A4 S8(350)& X e}

SEC et al. v. MRI
SEC Exhibit 1022.4172
IPR2023-00221



F/NE8] 10-2006-0016469

47) WERR310)e HAL2HY zel ITE R A1 A2REL L 45 BEEG 18 ¢ & ¥RUG 471 Al

TE HZRE10R 7] vERGE10) : &

1 7% I25-C1a7E A g FE2E Alef st B2 =3, A7) vta(310)& J&%o}@l FJD} “71 %%%(312)
Fotdd, FI17F 01F T 4 vt 2 AAldelA, 4] BETBLDES AR FV7F EYHE FU1R9 75 g dh

i
m{o

r&;

BE£(320,330,340,350)2 471 vt=#(310)¢] A F-E2 € 212} IF 3R R E

)
2

A1 WA A4 -
Al

JIN'

o oox
te N,

271 A1 W= xﬂ ZWE(320,330,340,350) ZH2F A7) vhebe(310)¢] 4 o] A Holl W) X =] 3, vpekA &} A, Ab] ubeh
F(E10)3 A FA| kv FAR R, A7) A1 WA A4 58 5(320,330,340,350) 7] ub=hH(310)el el Al
Eow m}ﬂb} ol¢}= &, Av] A1 WA A4 5¥E(320,330,310,350) F L F wE HEE ) ﬁ}ﬂﬂ(sm)ﬂ} T+
g £ gtk A7) A1 UlA Al4 9 E50320,330,340,350) 0 2= Hi o1g8le] v gk, *Lﬂ A1 EE(320) 7 A
7] A3 Z8 (34002 M 2 HeFsta, A7) 412 9 (330)3 47] A4 ZE(350)2 A= iy

B5(320,330,340,350)e & 717t H422] $(322a, SdZa 342a,352a)5°] B9 47 @
= | W &7kl 131 B {EAT| =E A E wE A, A7) o A
A ojftw dedrt 2 Aol A, 4] %(322&1,33221,3423,35221)%% R %ﬂ 1

>4
:
O

471 A1 FEB200& A2 F I2F(320)8 ¢ ﬁ?#"e“\r Atk A7) A2 §]E’r——r(o94)“ %71 Xﬂ = 320) J
of AH 1, & A elo] BE Wl E H#R(100E F BF HER 21 A9 FARLE, o2 5 AAR

A RENTEE DB ool ALEE 5 Ak, oI5t Dol 47| A2 FE 52 5205 7] A2 A AL ZE
(330,340,350) “gell ¥lAE 45 AT

3|, 7] Al WA Al4 SHE(320,330,340,350) 471 W39 AAR(100)<] 47] WAR(110) 3 3 2% 5 W4
= Agd & k.

olsf, A& THE zte 7] WTelE fyle W S =S aste] dA oA 2t

T 62 =49 WgelE {9 ¥ AA & AYEr] 919 FHxelt)

= 62 Az, A7) W3 FX100)9] A7) TF 7138(130)0] FEH o] do] wAsIth, A7) Gl o) 4] Wt
AA(100) 2 7] %71(300) Aol o] A7) v %i F1HB60) ol AFetE T719 2x7 e 4] Sxv) dEd
718 A7) A1 UA A4 SHEE(320,330,340,350) ¢ FAE E422] W(322a,332a,342a,352a) 5 ¢l ]84 47 H—HE}
ol E F5(2000)9] 92 WEHT. A7) 129 FU7L 7] el E F51(200002] 9N WEHW, A Wit T2t

(360021 teel tolleh. webA, 23] Wefol= 120009 2 e ) ot BHG60) ] 371 2}7}
& A 29 277 47) BEEBIDES Bl FATTE. oo Wek, me o) v 271 WE D AL 9§79 f
W ] ASH 0w WEH 1, 7 A5t 47 WP FA00N A LAY e T8 55 oletel e

2 AN, A7) HEFE A7) ke Aol PR A, A7) BEEE A7) AL WAl A4 S E0) 27k 949
R, A7) AL A A4 S gt BAE 2% QT B, 47 BEEO vk 2 4] AL WA A4 S E F ol
o} ol 4ol B4 % 2t

SEC et al. v. MRI
SEC Exhibit 1022.4173
IPR2023-00221



F/NE8] 10-2006-0016469

2 Ao T2, 7] Bekel B f319] 4] Sk §71e AW WG A5 FUshe #4 Lago] YT 53,
271 8Eol 7| S 8710) Aol SR G510 47] W2kl sol T8 BT mobA, 7] AofelE fuisl =
LR ZaE E3, 37 PA aaE 2E ©E 37 A4 dF Al o8, 42 2evt ZrhE ) ol n

ﬂ} A7) Metel s fe] 3 f EEG£E S Aok PA Tk,

T X T

PADS El

78 P el E rhE AN e d] e o] £ 9] B8] AN RolW, £ 8L & 79 o] £ FU% st A EA
R Tk A3 AAlelel flol A, AL AAldel M 2] P aaek B & R 7SS e ek oM F
A3 FxwsE Hrlska, o)l oid FAHA A i

%= 88 FEIH, H4 M(2220)E 0 AL FE(220) Al AR A7) B(2220)F> ] Al IR

=749 ,

F7to 2 FEAIEE Edrt woba, ‘11%1 Wl(moww H“M de A7) R FdEd A7) A2 E7) °ﬂ
93 WztATh B A a4, A7) W(222h)E = = E71R 7% S Frk I Ab] W(222b) S
TEAo A7 H4Y FH(100)S %7“171” 3717) 9| 71” 5 6“%

ot
= 98 239, A7) AFA G009 F5 71 H1300) FESIo] Go) GATT A7) Dol ol 7] A 3
(100) % 75 $71(200) Abol o A7) th FHRE0)] A 55He B715] R AT A Ao 1714, 47 W(z220)
S0l AL 47] W E FRG00)Y 9 #2718 D50 47 U FH60002 FAHT. FYR 47] ¥ 3]
£ gl 25 WHHA100] FEG Ao BAHLI0E FA4Le 259 7] A2200e] 216 37 9%
F717H URE S H ER, W g o] F7ha Thebd, 2] W B7H260)9] B BEFQIDES Sote] 47)
Bhol & frAGO0)S) S5 Y E UL 019 ek, 47 AL 91 3719 9 4 A wES W B BE
Sol A% Ao w3, 1 B 4] HFY FA(100) 4 24 7] 556 elsted Yzteie

r

oJ

it

1
ro
12
o
o 4

|

53], & A dlol] w2 WYzt A T2 4] Y29 /)5 sk Y] @222h) 9] A B (forced convectlon)
ol oA o] Fol ), F, 4] uﬂ(zzzb)# o3 FAHE A7) A2 R Fr)e do) YASE 4] WHd
Z(100)el Lo 7 = OPoi A7 AFY FAA00E YA, whihA, FE3 A1 A Ao uhE H(2222)E2

B F7H260)8 1L TS R HL%O}L 2T 0] 755 st vake, 2 A o] nhE A7) #B(2220) S
FAQ A7) Y47) 9 Wt% 3o dnbA e, Akd i F #adel o3 dAE aatn Al g el o3 G A
H7F o Ak mEka] 2 AA e o8k Wk Bk gAY 4 Q)

B AN e A, 37] BETE vhe ol GAFA R, A7) BEFE AL A AL SuEe] Fobe 349 F L, 4
7] AL WA AL FB BT GAE FE ATk 5, A7) BEFE 47) e D 47 AL WA A4 SEE F o sh
ool B9E 4 Atk

5, AN o)A, 7] W g7 AL S ] A A, 4] B vhehe % 4] A2 A AL SHE S ol

4]
Shubelyel 27kE B4 4

SR, AA A, A7) EF Hol e rg XoEke A7) WEY AATE B AARR o] §H AR, Wo] & = T2

FEE 2ehe 44 = & 29 F B4R A8E - ATk

2 AA e mhzH, A7) dEtel B fule] Y] g &7l Ay ¥ v es Fdste T Aage] F4EY. whEbA,
&71 BEol E el FA R F AT 7“\33} 3, A7) T LaEe] Al ke A7) A O F Ed o8, B4
A3 F7hETh ool whek, 47) wekel el FE Y wrgany Aske AR

FADN A

SEC et al. v. MRI
SEC Exhibit 1022.4174
IPR2023-00221



F7NE8] 10-2006-0016469

g AAde] ;e WekelE fe] Ba A zelw, ¥ 118
1ok Al Aol 1014, A2 A ejol He] T4 840 BT T2 T
& W7)ska, ol Bl @ FHH e ek,

rir Wt R
>,
e

21 L Fxshd, 24540 9(322b, 832b 342b,352b) 52 Z+2F A1 WA A4 F85(320,330, 340 350)
A A7) M(E822h, 33% 3420,352D) & 7] W39 X004 DA d& A2 i Fr|E Fsted 9
7] S glrh. 2 2 A ool A, A7) $(322D,332h,342b,3520) 5 5 E)E BYEE )59 71 < —cﬂn} 3
M(322b,332b,342b,352h) E& 5EHA 07 A7) WY AX(100)E WA 7 = W79 7| %& dt).

or DL oflt i
N>
N

o8, YT THE 2 P7] Ul 4] Bk HAS wHS Fastel FA ) AU

£ 128 X 109] Mool = 29 Y2t A4 4 2P 9]

ro
e

HiZelt,

o

=128 Fx&d, Av]) w3 X*i](loom T%5 7| %(130)0] T-5 ¥ o] He] LA }E}‘ A7) del ) A7) BEd G
(100) % = 871(300) AFe] o] WH FIHE60)0 A ek 7)o =7t 45 5= dvh A7), &7 #
(322h,332b,342Db,352b) -] AQA A7) WEko] E 8-5(600)9] &8 F7| & 1oz A WHE Z7HZ60) 2 E T Y

F99 A7) 95 Frle do] BASHE wAb(110) o] FEhe] A7) HhA(110)S WA Y 2 B2k A7) @
(3220,332b,342b,352b) &<l &8l A7) AF T/ HEE ez, Ui gEo] /15, e, 4] Wi F7k
(3608 ¥71& BEF(312DEE Fote] A7) o] E HR(600)2] 952 wEEn, oo wal, A7) A9 95 &7
o F9) ¢ 5}71 T2 YH T8 BE FHgEe] ASHo R viEE I, 7 A A4V AEd AR (10004 T de
F719 & ookl YA

3}
s

2 AN oA, A7) BHETL v el GHHAW, 7] BEFL AL WA AL ZHEd F712 942 T AW, 4
Sl 2 o] BT E A) WE A7) AL A A SAE F ol H

TLE B A A, 7] N 7] AL 1H?<I Al4 ZFBE Aol 3

AE AR A7) 9e ) ufehgte] b2 WA d 4
I, *M W v 2 A7) AL WA A :

]
AR
AT 5, A7) W2 vkt 5] AL WA A

11

il
=
off 1
e
‘UI i
2

rl’.‘l

04041.: o
oX, oX
i)
4>
0

|50, Yzho] &7 HE UE

T,
1t
o
£
9,
fo
It
i
F
et
_|L
uls
°>«
w
=g
o
Ho
o
R
N
s
ol
o)
k)
0%
I
frit
2

2 AN de] B2, 47) wetol = &

F71 g 871 A4 ¥ 715 Fdshe 7 8400 g9 53
71 Ago] 7] o 8719 e 5

31

So F40f 47 W2l 7o) B Sy ATk v, 4] W)= fulel
|2 T AT w8, 4] T4 40 25 BE 47 24 o 280l S, 44 sk ShE oo B
2, A7) Mol s fie] §k B e Anv el A sk 4 gl

S

ol 2 T A AF X
A 5
=132 = 19 Wete] E H31& 2h AHRAIGAE e 23 AR = o)t

%138 Axd, A REAEAG00) = Bekel E F5U(500), AT FE(840) F ARA(860)E X &3

B Aol AEd 7] EelE R (G00) = 10 ZAIE HEte]E §35 3 72 P 750 BUSRE, s A2
Gl

A7l AP BAHE(B40)2> HF A (100)F 78 FAH = B2 o] &8 % TAIST, A7) A A 99 (840) 2
kb = gl %) 228 (thin film transistor, TFT) 7] 9:(842), ¥ 4(844), Az]dH 71 (846) 2 % L 5(848)& 2 g3},

SEC et al. v. MRI
SEC Exhibit 1022.4175
IPR2023-00221



F7NE8] 10-2006-0016469

47) TRT 719(842) & W22 2 el 2 WA W 3k AFEIEA), 2471 3ha AF o] 15 A& Qrbehe Ut =
A 2 (F] A, ASIE Sl (A R bl ol el dhel(Pl EA)E Z e,

71 AeEE 7]3H(846)& 7] TFT 713H(842)0l A @ 7] st A7 nFr e s w2 @ Ae]HE (W] = 4]), 47]
AHZE A A Y FEAIFMEADE £E3

A7 MA@ 2 7] TFT 7158(812) 7 7] A= ZE 719(816) Aol /HA .

‘o | % BLE(848) 2 7] AAF EAINE(840) & 53Tt o= 2o, A7) A EA A EB40)8 5T ] Aske] A
T Y EF(224)7F vFEE(210) B A1 WA A4 F1(220,230,240,250)F F o= kit el vl A2 5 9l

71 e gE Z19H846) ¢ AA = 7] AEABE0) e elske] IR AL, 7] ARA(860) 9] E5-E 487120004

AT 7] ARAB60)E - %21 ol eFgh 7] AA HAIHD(840)2] AL WASL, 7] A RAI A D(B40)2]

37] A RABABO0E A7 M AR (100)2HE S48 A7) Bl 7% FUH S BA717] 913 Fot A=
(82002 B TFF + Slth A7) Yo AEE20E A E, ZelF A=, 05 AE L EFE 5

&7 B A EB2009] 4 l V& AR IEADZE ) HlE S QLT ) vlE AR ) s AL E(820)9 A Sl

471 B8 AN EB200F 47 9 871(200) HL= 7Rk

& Aalelel =, 7 ﬁ“er R A7) g6l A g 71%-8; FHE T 8450 FHAT. whita,

471 Mol = 315 A 2 %’7!]71 TaET. B3k, A7) 94 84859 g H4 &7) A et F el el 7t
sle e A% si%l {2 8] Al 8L FAZE s m, 2wk St

F37} 2719} oo ulel, Alo) ke E O
I, 35 @ ZEIHAEN|Q A &S WA E
Al A fl

E 14 5 79 Mol E g 2 NYHAGAE etz 24 A mol i,

T 148 Azahd, AR FAFX(00)E HkolE F51(600), AR EA #L(840) L AFA(860)E X &3HT)

2 Al g NG HAGR] = delo]lE §RE& A, A Al nhE Qg FAGR 9 T2 G 7)) Td)
T} S B A A oo AL-H A7) WMEkol E SH(500) S E 20 BAE WMEtol E FWI Tx W o] BAstth

2 AAdd mE, g7 Wetel E fle oyt &) A 7# 71%5E FYste T 84S AP gelA, A7)
Welol B FRle] 5 @ FAT} Tagh e 4] A 805 Zh‘?mﬂ E}d ZA 5 Aol g8, W 237 5
7hE T, ool whg}, 47| Mol E fUL Eesiis o E*qu R4 I P4 = R e e g i D S B R R s
i

Enle] A skrp A gt

I
(m
=

e vhst o], ¥ el np e B AAldle] mEH, MekelE f118] 5k §716] A4 W 715 F A
So] WAL WA, 4] Wakol= fiie) A @ AL e

ol mhek, 47] WekolE g Eeehe AARAGAS] FA R AL GaH T, W B S0, A R e
G20 S AsE B 2,

ShA e B o] AT A el A 2w o) uld e A oS Faste] Ay gA, 63 vlw ok HHy
BUA EE NG Aokl B4 ANE Re AR $48 530 wgo) A1y B ) ggos
A& 5 5 & Aot}

TE BleluA] o 19 el

SEC et al. v. MRI
SEC Exhibit 1022.4176
IPR2023-00221



F/NE8] 10-2006-0016469

AT 1

g urAEhE T 2

7] F BAARE St 95 T2 U E F21E L U5 378 ek vy 341 o 4018 13
= uH]f,].o]E 014.

A+a 2.

A 1 gl glojAl, A G E1= aheh R Ab) uhehe] o AR RE GgE Baae] U ES v ohske] A B
RRg ot ﬂﬂﬂ%? % b ATk AS B o st wFel E -yl

A% 3.

A 2 Gl QlolA, 7] Ze= wli@,kﬂﬂléaﬂmw&ﬁw’ 1*@/&4ﬂ2%@#ﬂ4%®%ﬂﬂ
W 7] A1 Se ) ggkete xmﬁﬂ'aﬁﬂﬂ12ﬂ3 7 elste] WA e A7) A2 S8 g A4 =
Be ¥aas AL EQor s wee E f1.

AT 4.
ﬂS%ﬂ%ﬁﬂg&ﬂ%ﬂﬁ%@ﬂﬂﬁﬁﬂi%ﬂﬂlmﬂﬂ4%£%%ﬁﬁ.L&Wﬂﬁﬂﬂlﬁléﬁﬁo%%
TEstm, 47) w1 RE ) vebd 2 ] Al A A4 SHE F Hol 2 shitel] AT 14 oAk AL T A
& Qo gt WEtolE H4l

A% 5

A 4 ol QlojAl, 7] BEFE A7) iSRS gEste] AV 3, A7) B 7] Al See] dad A4S 540w 5}
= o] E gl

A3 6.

A 5 el QQojA, A7) Al =¥ v viette] YlsA Q=08 A AL 5H 07 Fhe ke E G4,
AT 7.

A 4 el QlolAl, A7) W 47] AL UA A4 Z8E Ao 47 AHE AL BEAOR e e E U

A3 8.

ﬂzﬂﬂﬂﬁﬂ*bl RS TEE0) 9lete] A7) 4§19 mEw 2 4] SHE 2 ofx sl el u)xF
Al TE H2H2 o TH: AL A0 5 Aol E {1,

,10,

SEC et al. v. MRI
SEC Exhibit 1022.4177
IPR2023-00221



F7NE8] 10-2006-0016469

37" 9.

A1 el Qloja, A7) AN AR FAA AL FY o s el = fu.

A% 10.

A9 Gl Qo #7] WA FAE LF o] 0.8 FUL R sHE AL EFO2 shi= Wrhol= f

rie

A0 Fell QlolA, 7] MR AHE A7) e 471 R A7) S vhe| Q& el Atele] WX @ whAtES v] £F8)
=

A7) G OUATE P, A% B8 FUHE 471F 4 R B wEHE W R 9HE 2§78 £
= ol 4.

AT¥ 138,

12 30l S101A, 471 S 718 ohetw @ Ab] dletmel o A 2 RE Q% 2] FUES w47 4 0

@HEAM@741~H41ﬂ°ﬂosﬁ,%ﬂ%a§ ALEH, ) AL ZB RS A A2 F, 3]
2 5vi Qste] WA H o) AL S0 dlgkehs A3 20, 2 7] AL R A3 S0 lgehel Wl H e 4]

5 s e A1 Se LG AL 259 AL HeoE

AT% 14,

A 13 %ol oA, A7) W7) i A7) 8719 47 vheE 2 4] AL U AL SHE F Ao shibel 941 1

b elae) HETE TG, A F)RE B vk L 4] SUE F Hol % shutel A 1) ol4e) AL XB

s Ae B oE i wekolE #

AT 15.

A 14 Foll AN, 47] BEEE A7) e BFetel YA, 4] BE 4] AL 86 FYHE AL BHow
s wgel = A3,

A% 16.

A 15 Zdll Qlol A, A7) Al ¥ 2 A7) vigad] dielA 9 Fow AAK] AL SO sk ko] E f4

,11,

SEC et al. v. MRI
SEC Exhibit 1022.4178
IPR2023-00221



F/NE8] 10-2006-0016469

AT 17.

A 13 Zrell Yot A, A7) B TAF-E Fwel7] flste] A7) g 8719 v B A7) SHE T ol = sh Al A€

ALTE H2HE o EFHE AL 5HOR sk Bko|E A,

AT¥ 18,

A 12 e YOIA, 47] P RARE LY Tl 05 FUL TFSE WFY FAU AL FPOR HE o] E ful,

A 18 Tl oI A, A7) WRY FAE A7 S5 7] % A7) B ol 95 B Aol AW WARS B TgehE
2E BAOR S Wikl E ful

37% 20

T WA B AR R A WA S, o5 B0 ERHE BN R A 3R e |9
FE 2§78 Eeh Aol = f5l: 2

379 21.
4203 o1, ] B71% e 3 el WS LG B SN ) v
49

Aol % owﬁﬂiow g : FiL, 471
ol A 17] o1k WML ?;Pz‘s}% AL BEAJoF st NAYFTAAA].

AT 22,

A 21 3] 911N, 7] BEBS 4] g BEse] YN T, 47 DE A7) HUE F 4] velae] g o
o2 AN AL S¥e P9 E AL BPoR s A EA A

Al 22 Tl YOIA, A7) WE A7) S0 gol A2 YAY L, A7) FUEE 242 A7) viekwol galA] S0 A
Ag 5402 s G EALA

A3 24,

7 20 Foll YoIA, 47 B HARE T ol FAL wakele MR 4A AL 52 sk AATAGA,

A% 25.

,12,

SEC et al. v. MRI
SEC Exhibit 1022.4179
IPR2023-00221



F7NE8] 10-2006-0016469

A 20 Sl QoM F7] F B4R TEA] Goke] B7] wpEE R AY) SUE F ol shie) MAY AL 4% =
30 A7) AAEAN GG TEA] 95ke] A7) vheh e L AY) SUE F ofn shubel WA A2 7F A2RE o ¥
Fehe AL EP 22 s AREAFA

A7% 26.

Al 25 Fell SlotA], 7] A1 P HEAEE 7] e &1 ntEge A H T, 3] A2 T SERe ] SHE S
71 vpefEel tisiA f)Hos AR AL S A H AL SACR she NYRAIGA.

WA EME  EFA R B A ] B SRS agEla, R B S SYEkE )R R U 220 wEE = a5}

-

= =
FHY S E71E TP ol = f Y

47] B AARERE FANEE FE ol ok FUS EASE AHEA WAL Teahs A EA G,

37% 28.
A 27 Frell ghot A,

4 d
Hol % shibg #Este] 94
thol AT 17 ol ¥

,13,

SEC et al. v. MRI
SEC Exhibit 1022.4180
IPR2023-00221



1&3 10’20()6—00\6469
A=

,14,

SEC et al. v. MRI
SEC Exhibit 1022.4181
IPR2023-00221



2%0

22}4

22]23

oo |l | o o e

O0OO0O0OOOOOCOOO

O0O0O0

O00O0
OO0OO00O0OOO0

OXOXOX®,

O?OOO

22

214—— f }w( ]

212—

,15,

F/NE8] 10-2006-0016469

210

214

212

SEC et al. v. MRI
SEC Exhibit 1022.4182
IPR2023-00221



o~ 69
2 A 10-2006-00164
75

-16 -

SEC et al. v. MRI
SEC Exhibit 1022.4183
IPR2023-00221



& 10-2006-0016469

=
=

7R

eyl
o

0sg vie Bgee  ¢le
I

| | L
o o o o @ |

oooooo&ooow
00O — 000
w- OO0 000
00O 000
g?@ooooooooooo

e o o @

{
omm ¥ce Bgce

@

==

&
S © O ©

—BZve

SEC et al. v. MRI
IPR2023-00221

SEC Exhibit 1022.4184

—360

- 17




-1%-

SEC et al. v. MRI
SEC Exhibit 1022.4185
IPR2023-00221



ARG

F/NE8] 10-2006-0016469

gl © 0 00O
8- O O O O O
B O ©0 0 0 O
O O O O O
Bl o O
O O g
§~J£]l O @)
O o | .
(@ O @) b
O O O O O
® o o o o o
gl © © O O O
8 | O O O O O
222b
-
zz,E
— 100
I7a
214~/~;/_ME
i~
__-JWE
212-’—:
M|

,19,

SEC et al. v. MRI
SEC Exhibit 1022.4186
IPR2023-00221



n’00\6469

5 10-2000

=N

-20-

SEC et al. v. MRI
IPR2023-00221

SEC Exhibit 1022.4187



& 10-2006-0016469

=
=

7R

eyl
o

0se rie gese  ¢le

| [ L
> © © o o |\

OOOOOOOVOOO&
OO0 1000
OXOR®, OXOR®
00O OO0
OO0OO0OOOOOOOO

o o 1o &

M { [
0ce vee Qgee

08~

D> & &

—0cvE

SEC et al. v. MRI
IPR2023-00221

SEC Exhibit 1022.4188

,21,

sta—} B/



aAGS
&3 10—2006’00104&
2= )

p s |

: "’..! ol 2T )
S e <

2007352 SRR <22z

RIRIGZAL

e’ ...‘...l

RS LA '.'0."'0&'
KL el

,224

SEC et al. v. MRI
SEC Exhibit 1022.4189
IPR2023-00221



e T ey
O N ¥ o
R T v o
e
ST S L2
3 22
LRI TR PR AL
RS ZIR ARG
RLTIEEAI A ISR
s

- 23

SEC et al. v. MRI
SEC Exhibit 1022.4190
IPR2023-00221



w0 20117072217 A2 {11 D000 00000 N A

{12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
16 June 2011 (16.06.2011)

OV 0 T 010 O 0O

(10) International Publication Number

WO 2011/072217 A2

(51) Imternational Patent Classification: (74) Agents: STANDLEY, Jeffrey, S. et al,; Standley Law
GO2F 1713357 (2006.01)  GO2F 1/1333 (2006.01) Group LLP, 6300 Riverside Drive, Dublin, OH 43017
(21) International Application Number: ©S).

PCT/US2010/059878 (81) Designated States (unless otherwise indicated, for every
” . ers . kind of national protection available): AE, AG, AL, AM,
(22) International Filing Date}.U e ber 2010 (10.12.2010 AO, AT, AU, AZ, BA, BB. BG, BH, BR, BW, BY, BZ,
cember 2010 (10.12.2010) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L. . HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(26) Publication Language: English KR, KZ, LA, LC, IK, LR, LS, LT, LU, LY, MA, MD,
(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
61/285,369 10 December 2009 (10.12.2009) Us NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU;, SC, SD,
12/641,468 18 December 2009 (18.12.2009) Us SE, G, SK, SL, SM, ST, 8V, SY, TH, TJ, TM, TN, TR,

12/706,652 16 February 2010 (16.02.2010) uUs TT,TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
13’/ 905 ’ZO4 15 October 3010 (15.10.2010) us (84) Designated States (unless otherwise indicated, for every
12/915,718 29 October 2010 (29.10.2010) us kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): MANU- GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

72
as)

FACTURING RESOURCES INTERNATIONAL,
INC. [US/US}; 1600 Union Hill Road, Alpharetta, GA
30005 (US).

Inventor; and
Inventor/Applicant (for US oniy): DUNN, William [US/
US]; 1600 Union Hill Road, Alphareita, GA 30005 (US).

ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: MODULAR DISTRIBUTED COMPONENTS FOR LED BACKLIGHT

(57) Abstract: A system for powering an LED
backlight where power assemblies have electrical
communications ran through pass through aper-
tures in a mounting plate and LED backlight pan-
el. A channel may be defined between the mount-
ing plate and the LED backlight panel (or option-
al thermal plate attached to the rear portion of the
LED backlight panel). Sub-channels can be creat-
ed within the channel which are defined by ribs
which connect between the mounting plate and
the LED backlight panel (or optional thermal
plate attached to the rear portion of the LED
backlight panel). Cooling air can be prevented
from entering one or more specific sub-channels
so that electrical connections can pass through
the mounting plate, LED backlight panel, and
sub— channel without the risk of cooling air con-
taminates entering one of the pass through aper-
tures.

SEC et al. v. MRI
SEC Exhibit 1022.4191
IPR2023-00221



WO 20117072217 A2 U000 00 00 0 0 T 0

Published:

—  without international search veport and to be republished
upon receipt of that report (Rule 48.2(g))

SEC et al. v. MRI
SEC Exhibit 1022.4192
IPR2023-00221



WO 2011/072217 PCT/US2010/059878
Modular Distributed Components for LED Backlight
Inventor: William Dunn
Technical Field
[0001] Exemplary embodiments generally relate to electrical systems for LCD

backlights.

Background of the Art

[0002] Electronic displays are now being used indoors and outdoors for a variety of
different purposes. Some of these displays have also grown substantially in size and
are now found in sizes over 55 inches in diagonal. Specifically for liquid crystal displays
(LCD), as the backlight increases in size there is also an increase in power that is
required to drive the backlight. Also, as the backlight increases in size it generates
more heat which, especially in an outdoor environment (sometimes with high ambient
temperatures), can become a concern.

[0003] FIGURE 1 illustrates one of the previous approaches for powering and
controlling an LED backlight for a large LCD display. A typical LED backlight may be
divided into several sections (panels) where each section (either a single panel or
several panels) is powered by its own power circuit. A typical power circuit usually
contains several electronic components, including a power module and inductors.
Previously, it was thought that power modules and inductors should be grouped
separately, with the resulting connections for the LEDs being routed around the edge
(perimeter or periphery) of the backlight. Thus, as shown in Figure 1, several power
modules 100 have electrical connections 110 running to a grouping of inductors 150.
Electrical connections 160 then travel around the edge of the backlight and connect with
each LED panel.

[0004] It has been found that the previous method results in a large amount of
electrical connectors (wiring) with a substantial amount of assembly time in order to

route and connect all of the wiring.
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Summary of the Exemplary Embodiments

[0005] Exemplary embodiments group the power module and inductors for various
sections of the backlight together, resulting in power assemblies. The power
assemblies are placed in a relatively close spatial relationship with the sections of the
backlight that these components actually correspond with. The electrical connections
between the power assemblies and LEDs are preferably passed through a mounting
panel and the backlight.

[0006] In some embodiments there may be a flow of cooling air which passes
immediately behind the backlight. This cooling air may be drawn from the surrounding
ambient environment and may contain various contaminates, including dust, pollen, dirt,
water vapor, smoke, etc. In these embodiments, the electrical connections may also
pass through a sealed channel (or sub-channel) within the path of the cooling air so that
there will be little or no contamination of the backlight or rear housing. In other words,
the cooling air would preferably not be permitted to enter the cavities which contain the
backlight or the power modules, video cards, hard drives, etc.

[0007] 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

[0008] 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:

[0009] FIGURE 1 is a rear view of one of the previous approaches for powering and
controlling an LED backlight for a large LCD display;

[0010] FIGURE 2 is a section view of a first embodiment;

[0011] FIGURE 3 is a section view of a second embodiment;

[0012] FIGURE 4 is a rear perspective section view of an embodiment using a
plurality of ribs between the backlight and the panel for mounting the power modules;
[0013] FIGURE 5 is a front perspective section view of an embodiment using a
plurality of ribs between the backlight and the panel for mounting the power modules;
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[0014] FIGURE 6 is a rear perspective section view showing electrical connectors
passing through a sub-channel; and

[0015] FIGURE 7 is a rear view of an exemplary embodiment for powering and
controlling an LED backlight.

Detailed Description

[0016] FIGURE 2 provides a sectional view of an exemplary embodiment. Several
power assemblies 200 (preferably power modules with the associated inductors) have
their electrical connections 225 (ex. conduction lines) passing through a mounting panel
210 and connected to the backlight 250. The backlight 250 in this embodiment includes
a plurality of illumination devices 32 which are mounted on a plurality of panels 30 and
31. In an exemplary embodiment, the illumination devices 32 would be LEDs and the
panels 30 and 31 would be a PCB and more preferably a metal core PCB. The
connection with the backlight 250 may be on the front or rear of the backlight 250.
[0017] FIGURE 3 provides a sectional view of another embodiment. Again, Several
power assemblies 200 (preferably power modules with the associated inductors) have
their electrical connections 225 passing through a mounting panel 210 and connected to
the backlight 250. In this embodiment, a cooling channel 270 is placed immediately
behind the backlight 250. An optional thermally conductive plate 280 may be in thermal
communication with the backlight 250 so that heat from the backlight 250 may be
transferred to the thermal plate 280. Alternative embodiments may simply allow the
cooling air 20 to contact the rear surface of the backlight 250 (without using an
additional thermal plate 280). A path of cooling air 20 may be directed along the cooling
channel 270 so that heat from the thermal plate 280 (or backlight 250 if thermal plate
280 is not used) may be transferred to the cooling air 20 and removed from the display.
[0018] When using the cooling channel 270, the pass through apertures 290
(locations where the electrical connections 225 pass through the mounting panel 210,
thermal plate 280, and/or backlight 250) may provide an opportunity for contaminates
which are present within the cooling air 20 to enter the display housing or the backlight.
This may be undesirable, as it may cause damage to the display components or affect
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the image quality of the display. Thus, it may be desirable to seal the pass through
apertures 290 to ensure that contaminates do not enter the display housing or backlight
areas of the display. This may be accomplished by using grommets, which are typically
comprised of a soft plastic where they are designed to fit tightly around the electrical
connections. Alternatively, or in addition to the grommets, the pass-through points 290
may be sealed with a sealant, for example silicon, glues, or caulk-type material. Still
alternatively, a sealed sub-channel can be provided within the main cooling channel 270
which would allow the electrical connections to pass through without the fear of
contamination from the cooling air 20. The sealed sub-channel may reduce the
assembly time for the display as grommets would not have to be inserted nor would
each pass-through point require sealant (although it could be used if desired).

[0019] FIGURE 4 is a rear perspective section view of an embodiment using a
plurality of ribs 15 between the backlight 250 and the mounting panel 210. The plurality
of ribs 15 may define a number of sub-channels within the main cooling channel 270
defined between the backlight 250 and the mounting panel 210. A power assembly 200
is shown attached to the mounting panel 210. In an exemplary embodiment, the
mounting panel 210 would provide a gaseous and contaminate barrier between the side
containing the ribs 15 and the side containing the power assembly 200 and any other
relatively sensitive electronic components. If the plate 210 provides an adequate
barrier, ambient air may be ingested as cooling air 20 and the risk of contaminates
entering the side of the plate 210 containing the sensitive electronic components may
be reduced or eliminated.

[0020] Figure 4 also provides one example of an inlet aperture 25 which accepts the
cooling air 20 and directs it along the ribs 15. One or more fans 26 may be used to
draw the air 20 into the inlet aperture 25 and through the ribs 15. In some
embodiments, the air 20 may be air conditioned before it is directed along the ribs 15.
In some embodiments, the inlet aperture 25 may contain a filter in order to remove any
particulate from the air 20. Although shown adjacent to the inlet aperture 25, the fans
26 could alternatively be placed adjacent to an outlet aperture, or adjacent to both the
inlet and outlet apertures.
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[0021] One or more of the sub-channels created by the ribs 15 may be sealed to allow
the electrical connections for the power modules to pass through, without risking
contamination from the cooling air 20. The ribs 15 shown in this embodiment contain a
hollow rectangular cross-section, but this is not required. Other embodiments may
contain ribs with I-beam cross-sections, hollow square cross-sections, 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 ribs 15 are preferably
thermally conductive and in thermal communication with the backlight 25, but this is not
required. In an exemplary embaodiment, the ribs 15 would be metallic.

[0022] FIGURE 5 is a front perspective section view of an embodiment using a
plurality of ribs 15 within the channel defined between the backlight 250 and the
mounting panel 210. The backlight 250 in this embodiment includes a plurality of
illumination devices 32 which are mounted on a plurality of panels 30 and 31. In an
exemplary embodiment, the illumination devices 32 would be LEDs and the panels 30
and 31 would be a PCB and more preferably a metal core PCB. On the surface of the
panels 30 and 31 which faces the ribs 15 there may be a thermal plate 280. In an
exemplary embodiment, the thermal plate 280 would be metallic and more preferably
aluminum. It is preferred that the ribs 15 are in thermal communication with the thermal
plate 280. Cooling air 20 may again be forced along the ribs 15 in order to remove heat
from the backlight assembly 250. Of course, this could also occur through natural
convection.

[0023] FIGURE 6 is a section view showing electrical connections 225 passing
through a sub-channel 18 which is defined by the space enclosed by the ribs 16 and 17,
thermal plate 280, and mounting panel 210. The electrical connections 225 may enter
the sub-channel 18 though pass-through apertures 290. The electrical connections 225
may establish electrical communication between the backlight 250 and the power
assembly 200. The electrical connections 225 connect with the backlight 250 at
connection point 300 while connecting with the power assembly 200 at connection point
310. In this embodiment, the portion of the inlet aperture which is adjacent to sub-
channel 18 may be blocked so that cooling air cannot enter the sub-channel 18. This

prevents any contaminates which may be present within the cooling air from entering
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either of the pass-through apertures 290. Thus, as long as the sub-channel 18 is
properly sealed from the adjacent sub-channels, blocking the inlet of the channel 18
may reduce the risk of contaminates from the cooling air entering the pass-through
points 290 and sensitive portions of the display. The sub-channel 18 may be blocking
by using any type of blocking device/method including but not limited to: placing a plug
(plastic, rubber, fabric, or any combination) at the entrance of the sub-channel, blocking
the entrance with adhesive, blocking the entrance with double-sided tape or adhesive-
backed substrate, welding a cover plate to cover the entrance, and attaching a cover
plate with mechanical fasteners or adhesives.

[0024] FIGURE 7 is a rear view of an exemplary embodiment for powering and
controlling an LED backlight for a large LCD. A plurality of power supplies 400 with the
associated inductors 410 (i.e. power assemblies) have electrical connections 450 (ex.
conduction lines) passing through a mounting panel 210 and connected to the backlight.
The exemplary designs herein allow for a backlight to be connected with power
assemblies using only a minimal amount of wiring as well as a minimal amount of
assembly time. Furthermore, the exemplary embodiments ensure that a clean,
contaminate free environment is maintained between the LED controlling electronics
and the LED backlight.

[0025] It should be noted that although 4 power assemblies are shown, embodiments
may use more or less than 4 power assemblies with any particular arrangement. The
size and type of display/backlight may control the actual number of power assemblies
used.

[0026] Further, it should be noted that the drawings herein are not necessarily drawn
to scale. For the sake of simplicity and clarity, some components may be shown
enlarged or simplified for explanatory purposes.

[0027] 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. A system for powering a LED backlight comprised of several backlight panels, the

system comprising:
a mounting panel placed adjacent to the LED backlight;

a power module in electrical communication with at least one backlight panel and
attached to the mounting panel;

further power modules in electrical communication with the remaining backlight

panels and attached to the mounting panel; and

wherein the electrical communication is provided by conduction lines which pass

through both the mounting panel and the LED backlight.

2. The LED backlight powering system of claim 1 further comprising:
a thermally conductive plate attached to the LED backlight; and

a fan positioned to draw cooling air across the thermally conductive plate.

3. The LED backlight powering system of claim 1 further comprising:

a cooling channel defined by the space between the LED backlight and the
mounting plate; and

a fan positioned to force cooling air through the cooling channel.

4. The LED backlight powering system of claim 3 further comprising:
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a sub-channel within the cooling channel and containing the conduction lines.

5. The LED backlight powering system of claim 4 further comprising:

a blocking device placed within the sub-channel tc block cooling air from passing

through the sub-channel.

6. A LED backlight system comprising:
a printed circuit board (PCB) having a front and rear side;
a plurality of LEDs on the front side of the PCB;
a mounting plate adjacent to the rear side of the PCB;
an electrical power assembly mounted to the mounting plate;
a first pass through aperture located on the PCB;
a second pass through aperture located on the mounting plate; and

electrical connections between the power assembly and LEDs which pass
through the first and second pass through apertures.

7. The LED backlight system of claim 6 further comprising:
a thermally conductive plate attached to the rear side of the PCB; and

a fan positioned to force cooling air over the thermally conductive plate.
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8. The LED backlight system of claim 6 further comprising:

a cooling channel defined by the space between the rear side of the PCB and the
mounting plate; and

a fan positioned to draw cooling air through the cooling channel.

9. The LED backlight system of claim 8 further comprising:

a sub-channel within the cooling channel and containing the first and second
pass through holes and electrical connections.

10. The LED backlight system of claim 9 wherein:

the sub-channel is defined by the rear side of the PCB, mounting plate, and a
pair of ribs which connect between the rear side of the PCB and mounting

plate.

11. The LED backlight system of claim 9 further comprising:

a blocking device placed within the sub-channel tc block cooling air from passing

through the sub-channel.

12. The LED backlight system of claim 10 wherein:

the pair of ribs are thermally conductive and in thermal communication with the
rear side of the PCB.
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13. A LED backlight system comprising:

a plurality of LEDs mounted on a substrate having a front and rear side;

a mounting plate spaced apart from the rear side of the substrate and
substantially parallel to the substrate;

a plurality of ribs interposed between the mounting plate and rear side of the
substrate and in thermal communication with the substrate;

a fan positioned to draw cooling air between the plate and substrate and along
the ribs;

an electrical power assembly mounted to the mounting plate;
a first pass through aperture located on the substrate;
a second pass through aperture located on the mounting plate; and

electrical connections between the power assembly and LEDs which pass

through the first and second pass through apertures.

14. The LED backlight system of claim 13 wherein:
the substrate is a metal core printed circuit board.

15. The LED backlight system of claim 13 wherein:
the ribs are metallic.

16. The LED backlight system of claim 13 further comprising:
one rib which contains a hollow cross-section that is aligned with the first and
second pass through apertures so that the electrical connections may

pass through the hollow cross-section of the rib.

17. The LED backlight system of claim 13 wherein:

10
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the first and second apertures are located between a pair of ribs.

18. The LED backlight system of claim 17 further comprising:
a blocking device placed between the pair of ribs which contain the first and

second apertures to prevent cooling air from passing through.

11
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Apparatus and Method for Reducing the Thermal
Inertia of an Electronic Display

Inventors: John Schuch and Rick De Laet

Technical Field
[0001] Exemplary embodiments generally relate to systems and methods for
anticipating a temperature rise in an electronic display and reducing the thermal inertia

of the display.

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 mare difficult.

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

produce a relatively large amount of heat.
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[0004] Still further, in some situations radiative heat transfer from the sun through a
front display surface can also become a source of heat. In some locations 800-1400
Watts/m? or more through such a front display surface is common. Furthermore, the
market is demanding larger screen sizes for displays. With increased electronic display
screen size and corresponding front display surfaces, more heat will be generated and
more heat will be transmitted into the displays.

[0005] Exemplary modern displays have found some effective means for cooling the
electronic displays which may be used in high ambient temperatures and/or in direct
sunlight. Some modern displays may move some type of cooling gas with a fan
assembly, either circulating within the display (closed loop) or passing through the
display (ingested/exhausted or open loop). Typical designs would measure the
temperature within the display and engage the cooling fans once the temperatures
within the display reach a predetermined threshold. However, it has been found that
electronic displays typically have a large amount of thermal inertia and large amounts of
power are required to reverse the increase in temperature and cool the display. In
other words, it is much harder and requires much more energy to cool the display once
the temperature within the display has actually risen. Energy consumption has become
a major concern with large electronic displays and it is desirable to limit and/or reduce
their overall energy consumption as much as possible without effecting its performance.
[0006] Thus, it is now desirable to predict when and to what extent the display will rise
in temperature, and preemptively engage the cooling fans so that the cooling gas can

begin flowing and mitigate any potential rise in temperature.

[\
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Summary of the Exemplary Embodiments

[0007] Thus, it has been discovered that the exposure of the front display surface
and/or housing to sunlight is a typical cause of many internal temperature rises within
the display. This discovery has led to a potential relationship between a measurement
of the amount of ambient light and a potential temperature rise within the display. The
exemplary embodiments herein use the data from an ambient light sensor in order to
apply a correction factor to the actual temperature data and/or the fan speeds in order
to anticipate a rise in temperature and reduce its impact on the display.

[0008] The temperature sensors may be placed in one or more places within the
display. Typically, the temperature sensors are placed in close proximity to one or
more components that are known to increase in heat during operation (especially in
high ambient temperatures and/or direct sunlight). In some embodiments, the
temperature sensors are placed within or near the image assembly, on or in close
proximity to one or more power modules, and/or near the backlight (if using a display
type that requires a backlight, ex. liquid crystal displays). The fans are typically oriented
so that they can force or draw cooling gas over these components (as well as others).
The fans, temperature sensors, and ambient light sensor may be in electrical
communication with a microprocessor (or other appropriate electronic control) so that a
correction factor can be applied to the data from the temperature sensors so that the
system ‘thinks’ it has already increased in temperature. Alternatively, the
microprocessor could simply direct the fans to increase in speed depending on the data

from the ambient light sensor.
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[0009] 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

[0010] 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:

[0011] FIGURE 1A shows an electrical block diagram for an exemplary display which
contains a basic embodiment of the cooling system.

[0012] FIGURE 1B shows an electrical block diagram for an exemplary display which
contains an embodiment of the cooling system for cooling a LCD.

[0013] FIGURE 2 shows a pair of example graphical relationships between the
ambient light sensor data and the temperature correction factor.

[0014] FIGURE 3 shows a pair of example graphical relationships between the
corrected temperature sensor data and the fan speed.

[0015] FIGURE 4 shows a flow chart for the logic in operating an exemplary system or
the steps in practicing an exemplary method.

[0016] FIGURE 5 shows a pair of example graphical relationships between the
representative temperature sensor data and the fan speed.

[0017] FIGURE 6 shows a pair of example graphical relationships between the

ambient light sensor data and a fan speed correction factor.
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[0018] FIGURE 7 shows a flow chart for the logic in operating another exemplary

system or the steps in practicing another exemplary method.

Detailed Description

[0019] FIGURE 1A shows an electrical block diagram for an exemplary display 100
which contains an embodiment of the cooling system. In this embodiment, an
electronic image assembly 10 is placed behind a front display panel 12 (which may be
used to protect the electronic image assembly 10 from damage). The electronic image
assembly 10 shown here could be used with any type of electronic assembly for
generating an image, including but not limited to: LCD, organic light-emitting diode
(OLED), plasma, light emitting polymer (LEP), LED, or electroluminescent display.
[0020] An ambient light sensor 15 may be placed near the front portion of the display
relatively close to the front display panel 12. The electronic image assembly 10 and the
ambient light sensor 15 may be in electrical communication with a signal backplane 31.
A display controller assembly 24 may be electrical communication with the signal
backplane 31 and may contain several electronic companents for controlling the various
operations of the display.

[0021] A power backplane 20 may be in electrical communication with the signal
backplane 31. One or more power modules 22 may be in electrical communication with
the power backplane 20. In some embodiments, the signal backplane and power
backplane may be combined into a single backplane to provide various electrical
connections and communication to portions of the display. In other embodiments, there

may be more backplanes in addition to the signal and power backplanes shown in this
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embodiment. In this embodiment, because there is electrical communication between
the signal backplane 31 and the power backplane 20, components which are shown as
being in electrical communication with either backplane could easily be shown or
described as in electrical communication with the other backplane. The backplane
designs which are shown are simply a suggestion and are not required.

[0022] A fan assembly 40 may be placed in electrical communication with the power
backplane 20. The fan assembly 40 may be positioned so that it can force cooling gas
over one or more components that are known to increase in heat during operation
(especially in high ambient temperatures and/or direct sunlight). A temperature sensor
35 may be placed in electrical communication with the signal backplane 31. The
temperature sensor 35 may also be positioned so that it can measure the temperature
of one or more components that are known to increase in heat during operation
(especially in high ambient temperatures and/or direct sunlight). A power input 28 may
be connected to the power backplane 20 in order to supply power to the display.

[0023] The display controller assembly 24 may include several different components
including, but not limited to a video receiving unit, decompressor, buffer, timing and
control board, and display interface board (DIB). The display controller assembly 24
may also include a microprocessor or CPU for performing the logic to operate the
exemplary embodiments herein. Thus, the temperature sensor 35, fan assembly 40,
and ambient light sensor 15 may be in electrical communication with a microprocessor

or CPU (located within the display controller assembly 24).
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[0024] A video input 25 accepts the video data from a video source and may connect
to the signal backplane 31 or may connect directly to the display controller assembly
24.

[0025] FIGURE 1B shows an electrical block diagram for an exemplary display 110
which contains an embodiment of the cooling system for cooling a LCD. In this
embodiment, a backlight 60 is placed behind a liquid crystal assembly 50. One or more
temperature sensors 30 are placed on or near the backlight 60 and in electrical
communication with the signal backplane 31. Further, one or more temperature
sensors 36 are placed on or near the power modules 22. In this embodiment, a first fan
assembly 42 is placed to force or draw cooling gas over the backlight 60. Also in this
embodiment, a second fan assembly is placed to force or draw cooling gas over the
power modules 22. Because the power modules 22 and the backlight 60 may increase
in temperature as well as cool in different manners, it may be advantageous to use
individual fan assembilies to cool each component, as shown here.

[0026] FIGURE 2 shows a pair of example graphical relationships between the
ambient light sensor data and the temperature correction factor. Thus, in one
embodiment of the system and method, the ambient light sensor data is used to
calculate a temperature correction factor, which can be used to modify the actual
temperature sensor data. As shown in Figure 2, a linear relationship 200 may be used
to calculate a temperature correction factor from a given value for the ambient light
sensor data. For the linear relationship 200, the temperature correction factor
increases linearly as the ambient light sensor data increases. Alternatively, a non-linear

relationship 250 may be used to represent this data. The precise relationship may be
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selected depending on the particular electronic display and its desired operating
conditions. The precise relationship can be determined through experimentation or
simply by selecting a min/max and using linear interpolation. In general, as the amount
of ambient light increases it becomes more likely that the internal components of the
display will also increase in temperature. Accordingly, as the amount of ambient light
increases a larger temperature correction factor is applied to the temperature sensor.

[0027] FIGURE 3 shows a pair of example graphical relationships between the
corrected temperature sensor data and the fan speed. The term ‘corrected
temperature data’ is used here to represent the values which result from applying the
temperature correction factors to the actual temperature data (i.e. modifying the actual
temperature data by the correction factor. This could be done by any mathematic
operation. In a basic embodiment, the temperature correction factors may simply be
added to the actual temperature data). The fan speed can be adjusted in a number of
ways depending on the corrected temperature data. Here, a linear relationship 300 is
shown where the fan speed increases linearly as the corrected temperature increases.
Further, a non-linear relationship 350 can alsc be used to represent the desired fan
speeds for each corrected temperature. In general, the fan speeds increase as the
corrected temperature data increases. The precise relationship can be determined
through experimentation and/or theory or simply by selecting a min/max and using
linear interpolation. It should be noted that the values for the x and y axis on both
Figure 2 and Figure 3 were simply selected as examples and should not be used to
imply that the operating conditions would only occur within these values or that an

exemplary system could only handle data values within this range.
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[0028] FIGURE 4 shows a flow chart for the logic in operating an exemplary system or
the steps in practicing an exemplary method. Initially, the data from the temperature
sensor(s) and ambient light sensor is collected. As discussed in reference to Figures
1A-1B above, there may be several temperature sensors located in several places
throughout the display. When multiple temperature sensors are used, an average
value may be calculated from the various sensors or a maximum value may be selected
as the representative data for the system (herein ‘representative temperature data’).
Based on the data from the ambient light sensor, a temperature correction factor may
be selected. The temperature correction factor may be selected by using one of the
relationships shown and described in reference to Figure 2, or anything similar. Next,
the selected temperature correction factor may be applied to the representative
temperature measurement. In general, the temperature correction factor is added or
multiplied to the representative temperature measurement in order to create the
corrected temperature data. As shown in Figure 2, for some values of the ambient light
sensor data, the temperature correction factor may be zero. Obviously, in this case
there is no requirement that the temperature correction factor is applied to the
representative temperature data since the correction factor is zero and this step may
not be performed.

[0029] Once a corrected temperature value has been calculated, the fan speed may
be selected based on this corrected value. The fan speed may be selected based on
one of the relationships discussed in reference to Figure 3 above. Thus, the
temperature correction factor may cause the fan to run at a higher speed given the

higher amount of ambient light that is contacting the display. The higher fan speeds
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can be used to increase the cooling ability of the display prior to letting the heat from
the ambient light transfer into the interior of the display. By preemptively engaging the
fans at a higher speed, the temperature increase due to high ambient light levels can
be slowed or eliminated in an efficient manner, reducing the power consumption of the
display and the wear/tear on fans and other electronics.

[0030] FIGURE 5 shows a pair of example graphical relationships between the
representative temperature sensor data and the fan speed. Here, this graphical
relationship is similar to that of Figure 3 with the notable exception that the fan speed is
dependent upon the actual representative temperature data and not the corrected
temperature data. Again, the fan speed can be adjusted in a number of ways
depending on the representative data from the temperature sensor(s). Here, a linear
relationship 500 may be used where the desired fan speed increases linearly as the
temperature increases. Further, a non-linear relationship 550 can also be used to
represent the desired fan speeds for each temperature measurement. In general, the
desired fan speeds increase as the temperatures increase. The precise relationship
can be determined through experimentation or simply by selecting a min/max and using
linear interpolation.

[0031] FIGURE 6 shows a pair of example graphical relationships between the
ambient light sensor data and a fan speed correction factor. Thus, in this embodiment
a fan speed correction factor is used instead of a temperature correction factor. The
fan speed correction factor may simply be a percentage of the desired fan speed
(determined above in reference to Figure 5). Thus, when the ambient light values are

high, it may be desirable to increase the fan speed by 20%-30%. In one example, the
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fan speed correction factor increases linearly 600 as the ambient light sensor data
increases. In another example, the fan speed correction factor increases non-linearly
650 as the ambient light sensor data increases.

[0032] It should again be noted that the values for the x and y axis on both Figure 5
and Figure 6 were simply selected as examples and should not be used to imply that
the operating conditions would only occur within these values or that an exemplary
system could only handle data values within this range.

[0033] FIGURE 7 shows a flow chart for the logic in operating another exemplary
system or the steps in practicing another exemplary method. Initially, the data from the
temperature sensor(s) is collected. As discussed in reference to Figures 1A-1B and 4
above, there may be several temperature sensors located in several places throughout
the display. When multiple temperature sensors are used, an average value may be
calculated from the various sensors or a maximum value may be selected as the
representative data for the system (herein ‘representative temperature data’). Based
on the representative temperature data, a desired fan speed may be selected. The
desired fan speed may be selected by using one of the relationships shown and
described in reference to Figure 5. Next, the data from the ambient light sensor is
gathered and used to determine a fan speed correction factor. The fan speed
correction factor may be selected by using one of the relationships shown and
described in reference to Figure 6. Finally, the fan speed correction factor may be
applied to the desired fan speed to account for the high levels of ambient light (provided

that the fan speed correction factor is greater than 0%).
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[0034] As shown in Figure 1B, there may be multiple fan assemblies placed
throughout the display. In these embodiments, there may be a control system for each
fan assembly or even each fan. Further, each control system may have independent
parameters. Thus, in reference to Figure 1B, the logic which controls fan assembly 42
for cooling the backlight 60 may be different than the logic which controls fan assembly
43 for cooling the power modules 22.

[0035] Any number of gaseous matters may be used as the cooling gas described
herein. The cooling gas may be circulating around the display, ingested into the display
and exhausted, and/or circulated through the display. In some embodiments, the
cooling gas may be ambient air which is ingested into the display. In some
embodiments, the cooling gas may be ambient air which has been air conditioned prior
to being ingested into the display.

[0036] 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

What is claimed is:
1. An apparatus for reducing the thermal inertia of a component within an electronic
display where an ambient light sensor is used to measure ambient light contacting the

display, a temperature sensor is used to measure the temperature of the component,

and a fan is used to force cooling gas over the component, characterized by:

a microprocessor in electrical communication with the ambient light sensor, fan,
and temperature sensor and adapted to increase the speed of the fan
when a substantial increase in ambient light levels is measured but prior

to a substantial increase in temperature measurement.

2. The apparatus of claim 1 wherein:

the microprocessor applies a fan speed correction factor to the fan in response

to ambient light measurements.

3. The apparatus of claim 1 wherein:

the microprocessor applies a temperature correction factor to the temperature

sensor data in response to ambient light measurements.

4. The apparatus of claim 1 wherein:

13

SEC et al. v. MRI
SEC Exhibit 1022.4223
IPR2023-00221



WO 2011/150078 PCT/US2011/037931

the component having a reduction in thermal inertia is a backlight.

5. An electronic display assembly comprising:

an electronic image assembly;

a backplane in electrical communication with the electronic image assembly;

an ambient light sensor producing a signal;

a power module in electrical communication with the backplane;

a fan placed to force cooling gas over the power module;

a temperature sensor producing a signal and placed to measure the temperature

of the power module; and

a microprocessor which receives the ambient light sensor signal and
temperature sensor signal and uses both signals to control the speed of

the fan.

6. The electronic display of claim 5 wherein:

the electronic image assembly is a backlit liquid crystal display.

7. The electronic display of claim 5 wherein:
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the electronic image assembly is a OLED display.

8. The electronic display of claim 7 further comprising:

a second fan placed to force cooling gas over the backlight.

9. The electronic display of claim 8 further comprising:

a second temperature sensor producing a signal and placed to measure the

temperature of the backlight.

10. The electronic display of claim 9 wherein:

the microprocessor also receives the second temperature sensor signal and
uses the ambient light sensor signal and second temperature sensor

signal to control the speed of the second fan.

11. The electronic display of any one of claims 5-10 wherein:

the ambient light sensor is positioned to measure the ambient light contacting

the electronic image assembily.
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12. A method for reducing the thermal inertia of an electronic display, the method

comprising the steps of:
measuring the ambient light contacting the display;
measuring a temperature within the display;

selecting a temperature correction factor based on the ambient light

measurement;

applying the temperature correction factor to the temperature measurement to

produce corrected temperature data;
selecting a fan speed based on the corrected temperature data; and

driving the cooling fan at the selected fan speed.

13. The method of claim 12 wherein:

the temperature measurement is performed near a power module which powers

the electronic display.

14. The method of claim 12 wherein:

the temperature measurement is performed near a backlight component of the

electronic display.
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15. A method for reducing the thermal inertia of an electronic display, the method

comprising the steps of:

measuring a temperature within the display;

selecting a desired fan speed based on the temperature measurement;

measuring the ambient light contacting the display;

selecting a fan speed correction factor based on the ambient light measurement;

applying the fan speed correction factor to the desired fan speed to produce a

corrected fan speed; and

driving the cooling fan at the corrected fan speed.

16. The method of claim 15 wherein:

the temperature measurement is performed near a power module which powers

the electronic display.

17. The method of claim 15 wherein:

the temperature measurement is performed near a backlight component of the

electronic display.
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October 15, 2010, herein incorporated by reference in its entirety.

Technical Field
[0002] Exemplary embodiments generally relate to cooling systems and in particular

to cooling systems for electronic displays.

Background of the Art

[0003] Improvements to electronic displays now allow them to be used in ocutdoor
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.

[0004] Additionally, modern displays have become exiremely bright, with some
backlights producing 1,000-2,000 nits or more. Sometimes, these illumination levels

are necessary because the display is being used outdoors, or in other relatively bright
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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.

[0005] Still further, in some situations radiative heat transfer from the sun through a
front display surface can also become a source of heat. In some locations 800-1400
Watts/m? or more through such a front display surface is common. Furthermore, the
market is demanding larger screen sizes for displays. With increased electronic display
screen size and corresponding front display surfaces, more heat will be generated and
more heat will be transmitted into the displays.

[0006] Exemplary modern displays have found some effective means for cooling the
displays including circulating a closed loop of gas around the display and drawing
ambient gas through the display so that the closed loop of gas may be cooled (as well
as portions of the electronic display). Various thermal communications have been
discovered which can transfer heat away from the sensitive electronic components and
out of the display. Heat exchangers were found to produce an excellent means for
transferring heat between the closed loop of gas and the ambient gas. However,
previous designs for moving the gas through the display have been found to generate
an undesirable amount of noise emission from the display as well as thermal gradients
where portions of the display were cooled but others remained warm.

[0007] 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

[0008] Exemplary embodiments may use a combination of circulating gas and
ambient gas in order to adequately cool an electronic display. Circulating gas may be
used to remove heat from the front of the image assembly. Circulating gas may also be
used to remove heat from internal electronic assemblies. When using a LCD as the

electronic image assembly, circulating gas may also be used to remove heat from the
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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.

[0009] 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.

[0010] In order to reduce noise emissions, the fans which drive the ambient and/or
circulating gas through the heat exchanger may be placed within the heat exchanger (or
between two separate heat exchangers), which can then act as a muffler and reduce
the noise emitted by the fans. Further, if using the additional ambient gas pathway
behind the electronic image assembly, a manifold may be used to collect the ambient
gas along an edge of the display and distribute this into a number of smaller flows. The
fans for driving this additional ambient gas pathway can be placed within the manifold in
order to reduce the noise emitted by the fans and provide an even distribution of
ambient gas across the display. In an exemplary embodiment, a single fan assembly
can be used to drive the ambient gas through both the heat exchanger(s) and behind
the electronic image assembly.

[0011] 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
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adequately cool the entire electronic image assembly in an even manner and reduce
any ‘hot spots’ within the electronic image assembly.

[0012] 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

[0013] 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:

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

[0015] FIGURE 1B provides a rear perspective view of an exemplary embodiment of
the electronic display.

[0016] FIGURE 2 provides a rear perspective view similar to that shown in Figure 1B
where the rear cover has been removed.

[0017] FIGURE 3 provides a perspective sectiocnal view along the A-A section line
shown in Figure 1B.

[0018] FIGURE 4 provides a perspective sectional view along the B-B section line
shown in Figure 1B.

[0019] FIGURE 5 provides a perspective sectional view of insert C shown in Figure 4.

[0020] FIGURE 6 provides a perspective sectional view of one embodiment of the
cross through plate.

[0021] FIGURE 7 provides an exploded perspective view of one embodiment of the
heat exchanger.

[0022] 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).
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[0023] 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.

[0024] FIGURE 10 provides a rear perspective view of an embodiment using a single
fan assembly to control the flow of ambient gas, the embodiment shown with the rear
cover removed.

[0025] FIGURE 11A provides a perspective sectional view of the embodiment from
Figure 10 based on section line 11A-11A shown in Figure 10.

[0026] FIGURE 11B provides a perspective sectional view of insert B from Figure
11A.

Detailed Description

[0027] 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.

[0028] 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.

[0029] 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,
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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.

[0030] Spatially relative terms, such as "lower", "upper" and the like, may be used
herein for ease of description to describe the relationship of one element or feature to
another element(s) or feature(s) as illustrated in the figures. It will be understood that
the spatially relative terms are intended to encompass different orientations of the
device in use or operation, in addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements described as "lower"
relative to other elements or features would then be oriented "upper” relative the other
elements or features. Thus, the exemplary term "lower" can encompass both an
orientation of above and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative descriptors used herein
interpreted accordingly.

[0031] 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.

[0032] Embodiments of the invention are described herein with reference to cross-
section illustrations that are schematic illustrations of idealized embodiments (and
intermediate structures) of the invention. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing techniques and/or tolerances, are
to be expected. Thus, embodiments of the invention should not be construed as limited
to the particular shapes of regions illustrated herein but are to include deviations in
shapes that result, for example, from manufacturing.

[0033] 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
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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.

[0034] 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.

[0035] 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.

[0036] 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.

[0037] 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
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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).

[0038] Optionally, ambient gas 210 may also be ingested into the display through inlet
aperture 24. Ambient gas 210 may then be directed through a first manifold 30 which
travels along the edge of the display. The first manifold 30 accepts the single larger
inlet flow of ambient gas 210 and distributes it into a plurality of smaller flows across the
display. A second manifold 35 may be placed along the opposite edge of the display as
the first manifold 30. The second manifold 35 accepts the plurality of smaller flows and
combines them into a single flow and exhausts it out of the exit aperture 25. In this
embodiment, a manifold fan assembly 211 is used to draw the ambient gas 210 into the
inlet aperture 24 and force the ambient gas 210 across the display. For this particular
embodiment, the manifold fan assembly 211 is placed within the first manifold 30 and is
used to draw the ambient gas 210 into the display as well as distribute the single flow
into a plurality of smaller flows. This is not required however, as some embodiments
may place the manifold fan assembly 211 in the second manifold 35, or within both the
first and second manifolds 30 and 35.

[0039] While both flows of ambient gas may be used in an exemplary embodiment,
there is no requirement that they are both used. Some embodiments may use only
ambient gas 200 or ambient gas 210. Also, if using both flows of ambient gas 200 and
ambient gas 210 there is no requirement that they share the same inlet and exit
apertures. Thus, there may be separate inlet and exit apertures for the two flows of
ambient gas.

[0040] FIGURE 3 provides a perspective secticnal 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. Cbviously, 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
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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.

[0041] An electronic image assembly 50 may be placed behind the front plate 10. A
plurality of channels 60 may be placed behind (preferably immediately behind) the
electronic image assembly 50. Ambient gas 210 may be forced through the channels
60 after travelling through the first manifold 30 (not shown here). The flow of ambient
gas 210 immediately behind the electronic image assembly 50 may be used to remove
any buildup of heat from the rear portion of the electronic image assembly 50. It may
be preferable to have a thermally conductive surface on the rear portion of the
electronic image assembly 50 so that heat can easily transfer to this plate and be
removed by the ambient gas 210.

[0042] 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
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.

[0043] FIGURE 4 provides a perspective secticnal 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 fravel in
order to remove any accumulation of heat on the front surface of the electronic image
assembly 50. The circulating gas 250 is preferably then directed into the heat
exchanger 45 where heat may be transferred from the circulating gas 250 to the

ambient gas 200. Upon exiting the heat exchanger 45, the circulating gas 250 may be
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re-directed into the front channel 251. The circulating gas 250 may also be directed
over various electronic components 7 so that heat may be transferred from the
electronic components 7 to the circulating gas 250. The electronic components 7 could
be any one of the following but not limited to: power modules, heat sinks, capacitors,
motors, microprocessors, hard drives, AC/DC converters, transformers, or printed circuit
boards.

[0044] Also shown in this sectional view is the path of the ambient gas 210 travelling
down one of the channels 60 directly behind the electronic image assembly 50. In this
embodiment, the ambient gas 210 is forced out of the first manifold 30, across the
channels 60, and intoc the second manifold 35 by manifold fan assembly 211. As
shown in this Figure, the paths of the ambient gas 210 and the circulating gas 250 will
likely cross, but it is preferable to keep the two gases from mixing (as the ambient gas
210 may contain particulate or contaminates while the circulating gas 250 can remain
substantially free of particulate and contaminates). It may be preferable to keep the
circulating gas 250 from having particulate or contaminates because it travels in front of
the 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.

[0045] FIGURE 5 provides a perspective sectional view of insert C shown in Figure 4.
As noted above, if practicing an embodiment which uses ambient gas 210 as well as
the circulating gas 250, the pathways of the two gases may need to cross over one
another and it may be desirable to prohibit them from mixing to prevent contamination
of sensitive portions of the display. Here, cross through plate 500 allows the pathways
of the two gases to cross over one another without letting them mix together. The cross
through plate 500 in this embodiment contains a series of voids which pass through the
plate. A first series of voids 550 passes through the cross through plate 500 and allows
ambient gas 210 to travel from the first manifold 30 into the channels 60 which run
behind the electronic image assembly 50. A second series of voids 525 pass through
the cross through plate 500 in a direction substantially perpendicular to that of the first
series of voids 550. The second series of voids 525 allows the circulating gas to exit

the front channel 251, cross over the ambient gas 210, and continue towards the heat
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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.

[0046] FIGURE 6 provides a perspective sectional view of one embodiment of the
cross through plate 500. In this embodiment, the cross through plate 500 is comprised
of a plurality of hollow blocks 503 sandwiched between a top plate 501 and bottom
plate 502 with sections of the plates 501 and 502 removed to correspond with the
hollow sections of the blocks 503. A portion of the top plate 501 has been removed to
show the detail of the hollow blocks 503, first series of voids 550, and second series of
voids 525. The cross through plate 500 could take on any number of forms and could
be constructed in a number of ways. Some other embodiments may use a solid plate
where the first and second series of voids 550 and 525 are cut out of the solid plate.
Other embodiments could use two sets of hollow blocks where the hollow sections are
perpendicular to each other and the blocks are fastened together. Still other
embodiments could use a design similar to those that are taught below for the heat
exchanger 45, for example any type of cross-flow heat exchanger design could be
used.

[0047] FIGURE 7 provides an exploded perspective view of one embodiment of the
heat exchanger 45. In this view, the heat exchanger fan assembly 46 is shown
removed from its mounted position within the heat exchanger 45. In this embodiment,
the heat exchanger 45 is divided into two portions 47 and 48 where the fan assembly
46 is placed between the two portions 47 and 48. While the fan assembly 46 can be
placed anywhere so that it draws ambient gas 200 through the heat exchanger 45, it
has been found that placing the fan assembly 46 between the two portions of the heat
exchanger can provide a number of benefits. First, the volumetric flow rate of the
ambient gas 200 through the heat exchanger is high, which results in better cooling
capabilities for the heat exchanger 45. Second, the noise produced by the fan

assembly 46 can be drastically reduced because the surrounding portions 47 and 48 of
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the heat exchanger 45 essentially act as a muffler for the fan assembly 46. In this
embodiment, portion 48 is thinner and longer than portion 47. This was done in order
to free up more space within the housing so that additional electronic components couid
fit within the housing (adjacent to portion 48). This design may be preferable when it is
desirable to create the largest possible heat exchanger 45 (for maximum cooling
abilities). This is of course not required, and other embodiments may have portions
which are of equal width and length. Also, although this embodiment uses the fan
assembly 46 to drive the ambient gas 200, other embodiments could use a fan
assembly placed within the heat exchanger to drive the circulating gas 250 instead and
drive the ambient gas 200 with another fan assembly (possibly placed within the heat
exchanger or located at the entrance/exit of the heat exchanger).

[0048] 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). In other words,
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an exemplary heat exchanger would have at least a first gas pathway for ambient gas
and at least a second gas pathway for circulating gas, where the two pathways are
substantially perpendicular and adjacent to each other and do not allow the ambient
gas and circulating gas to mix.

[0049] In an alternative design for a heat exchanger, an open channel may be placed
in between a pair of corrugated, honeycomb, or tubular plates. The open channel may
travel in a direction which is perpendicular to the pathways of the adjacent plates. This
open channel may be created by running two strips of material or tape (esp. very high
bond (VHB) tape) between two opposite edges of the plates in a direction that is
perpendicular to the direction of the pathways in the adjacent plates. Thus, gas
entering the heat exchanger in a first direction may travel through the open channel
(parallel to the strips or tape). Gas which is entering in a second direction (substantially
perpendicular to the first direction) would travel through the pathways of the adjacent
plates).

[0050] 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.

[0051] 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. [t 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
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and would thus produce a display assembly that is thin and lightweight. Specifically,
corrugated plastic may be used for each plate layer where they are stacked together in
alternating fashion (i.e. each adjacent plate has channels which travel in a direction
perpendicular to the surrounding plates).

[0052] FIGURE 8 provides a perspective sectional view of another embodiment which
uses a flow of circulating gas 350 through the backlight cavity of a liquid crystal display
(LCD) 300. In this embodiment, a LCD 300 and an associated backlight 320 are used
as the electronic image assembly. A backlight wall 330 may be placed between the
LCD 300 and the backlight 320 in order to enclose the area and create a backlight
cavity. Typically, the backlight cavity is closed to prevent contaminates/particulate from
entering the backlight cavity and disrupting the optical/electrical functions of the
backlight 320. However, as discussed above the exemplary embodiments may use a
clean gaseous matter for the circulating gases which could now be used to ventilate the
backlight cavity in order to cool the backlight 320 and even the rear portion of the LCD
300. An opening 340 can be placed in the backlight wall 330 to allow circulating gas
350 to flow through the backlight cavity. A fan assembly 360 may be used to draw the
circulating gas 350 through the backlight cavity. In an exemplary embodiment there
would be an opening on the opposing backlight wall (on the opposite side of the display
as shown in this figure) so that circulating gas 350 could easily flow through the
backlight cavity.

[0053] FIGURE 9 provides a perspective sectional view of an exemplary embodiment
which uses a flow of circulating gas 350 through the backlight cavity in addition to the
flow of circulating gas 250 between the LCD 300 and front plate 10. Circulating gas fan
assembly 255 may be placed so that it can draw circulating gas 350 through the
backlight cavity as well as circulating gas 250 between the LCD 300 and the front plate
10. As discussed above, the circulating gases 250 and 350 are preferably forced
through the heat exchanger 45 (not shown in this figure) so that they may be cooled by
the ambient gas 200 (also not shown in this figure).

[0054] Also shown in Figure 9 is the optional additional flow of ambient gas 210
which may travel immediately behind the backlight 320. Once travelling through the
first manifold 30, the ambient gas 210 may pass through the channels 60 in order to

14

SEC et al. v. MRI
SEC Exhibit 1022.4248
IPR2023-00221



WO 2012/024426 PCT/US2011/048119

remove heat from the backlight 320 and even the channels 60 themselves (if they are
thermally conductive). The manifold fan assembly 211 may be used to draw the
ambient gas 210 into the first manifold 30 and through the channels 60. Again, the
cross though plate 500 may be used to allow the circulating gases 350 and 250 to cross
paths with the ambient gas 210 without letting the two gases mix.

[0055] In an exemplary embodiment, the backlight 320 would contain a plurality of
LEDs mounted on a thermally conductive substrate (preferably a metal core PCB). On
the surface of the thermally conductive substrate which faces the channels 60 there
may be a thermally conductive front plate which may be in thermal communication with
the channels 60. In an exemplary embodiment, the thermally conductive plate would
be metallic and more preferably aluminum.

[0056] FIGURE 10 provides a rear perspective view of an embodiment 1000 using a
single fan assembly 1050 to control the flow of ambient gas. The embodiment 1000 is
shown here with the rear cover removed. In this figure, the main display assembly is
still within the exterior display housing 1001. Similar to some of the embodiments
describe above, a circulating gas fan assembly 1105 may be used to draw circulating
gas 1106 into and through the heat exchanger 1100. Further, another circulating gas
fan assembly 1205 may be used to draw circulating gas 1106 through heat exchanger
1200. The circulating gas 1106 may also be used to extract heat from various electrical
components 1109.

[0057] An ambient gas fan assembly 1050 may be used to draw ambient gas into the
inlet aperture 1009 and exhaust the ambient gas out of an exit aperture 1010. The
ambient gas preferably travels through the heat exchangers 1200 and 1100 as well as
the channel behind the electronic image assembly (if used). The section line 11A-11A
is shown cutting horizontally through the display embodiment 1000.

[0058] FIGURE 11A provides a perspective sectional view of the embodiment from
Figure 10 based on section line 11A-11A shown in Figure 10. For clarity, the exterior
housing 1001 has been removed. Once the circulating gas 1106 has traveled through
the heat exchangers 1200 and 1100, it may then be directed between the front
transparent plate 1500 and the electronic image assembly 1600. After passing
between the front transparent plate 1500 and the electronic image assembly 1600, the
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circulating gas 1106 may then return to the heat exchangers 1200 and 1100. In this
embodiment, fan assembly 1050 is used to control the flow of ambient gas 1055 and
1056. Ambient gas 1055 is directed through the heat exchangers 1200 and 1100 while
ambient gas 1056 is directed behind the electronic image assembly 1600.

[0059] FIGURE 11B provides a perspective sectional view of insert B from Figure
11A. The channel 1700 may be defined by the space between the rear surface or
portion of the electronic image assembly 1600 and a plate which is substantially parallel
to the rear surface or portion of the electronic image assembly 1600. The channel 1700
may also contain ribs which are also thermally conductive and preferably in thermal
communication with the electronic image assembly 1600. By placing the fan assembly
1050 so as to direct the ambient gas within the channel 1700 and the heat exchangers
1200 and 1100 simultaneously, several improvements can be achieved, including but
not limited to: increased air flow, less fan noise, and a less expensive/lighter assembly.
In this embodiment, the paths for ambient gas 1055 and ambient gas 1056 are
substantially parallel to one another.

[0060] As noted above, many electronic image assemblies (especially LEDs, LCDs,
and OLEDs) may have performance properties which vary depending on temperature.
When ‘hot spots’ are present within an image assembly, these hot spots can result in
irregularities in the resulting image which might be visible to the end user. Thus, with
the embodiments described herein, the heat which may be generated by the image
assembly (sometimes containing a backlight assembly) can be distributed (somewhat
evenly) throughout the channels 60 and thermally-conductive surfaces to remove hot
spots and cool the backlight and/or electronic image assembly.

[0061] The circulating gases and ambient gases can be any number of gaseous
matters. In some embodiments, air may be used as the gas for all. Preferably,
because the circulating gases may travel in front of the image assembly and/or within
the backlight cavity, they should be substantially clear, so that they will not affect the
appearance of the image to a viewer. The circulating gases should also preferably be
substantially free of contaminates and/or particulate (ex. dust, dirt, pollen, water vapor,
smoke, etc.) in order to prevent an adverse effect on the image quality and/or damage

to the internal electronic components. It may sometimes be preferable to keep ambient
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