Constricted Convection Cooling System for an Electronic Display

Inventor: William Dunn

Technical Field

[0001] This invention generally relates to cooling systems and in particular to cooling

systems for electronic displays.

Background of the Art

[0002] Conductive and convective heat transfer systems for electronic displays are
known. These systems of the past generally attempt to remove heat from the electronic
components in a display through as many sidewalls of the display as possible. In order
to do this, the systems of the past have relied primarily on fans for moving air past the
components to be cooled and out of the display. In some cases, the heated air is
moved into convectively thermal communication with fins. Some of the past systems
also utilize conductive heat transfer from heat producing components directly to heat
conductive housings for the electronics. In these cases, the housings have a large
surface area, which is in convective communication with ambient air outside the
housings. Thus, heat is transferred convectively or conductively to the housing and is
then transferred into the ambient air from the housing by natural convection.

[0003] While such heat transfer systems have enjoyed a measure of success in the

past, improvements to displays require even greater cooling capabilities.
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Summary of the Invention

[0004] In particular, cooling devices for electronic displays of the past have generally
used convective heat dissipation systems that function to cool an entire interior of the
display by one or more fans and fins, for example. By itself, this is not adequate in
many climates, especially when radiative heat transfer from the sun through a display
window becomes a major factor. In many applications and locations 200 Watts or more
of power through such a display window is common. Furthermore, the market is
demanding larger screen sizes for displays. With increased electronic display screen
size and corresponding display window size more heat will be generated and more heat
will be transmitted into the displays.

[0005] In the past, many displays have functioned satisfactorily with ten or twelve inch
screens. Now, many displays are in need of screens having sizes greater than or equal
to twenty-four inches that may require improved cooling systems. For example, some
outdoor applications call for seventy inch screens and above. With increased heat
production with the larger screens and radiative heat transfer from the sun through the
display window, heat dissipation systems of the past, which attempt to cool the entire
interior of the display with fins and fans, are no longer adequate.

[0006] A large fluctuation in temperature is common in the devices of the past. Such
temperature fluctuation adversely affects the electronic components in these devices.
Whereas the systems of the past attempted to remove heat from the entire interior of
the display, a preferred embodiment of the present invention causes directed
convective heat transfer from the anterior of the display. By the aspects described

below, the present invention has made consistent cooling possible for electronic
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displays having screens of sizes greater than or equal to twelve inches. For example,
cooling of a seventy inch screen can be achieved, even in extremely hot climates.
Greater cooling capabilities are provided by the device and method described and
shown in more detail below.

[0007] An exemplary embodiment of the present invention relates to a constricted
convection cooling system and a method of cooling an electronic display. An
exemplary embodiment includes an external housing and a convection constriction
plate. The external housing preferably includes an air entrance end and an exhaust
end. The air entrance end defines an entrance aperture; while the exhaust end defines
an exit aperture. The convection constriction plate is preferably mounted to the
posterior display surface. The convection constriction plate further defines a
constricted convection cooling channel immediately behind the posterior display
surface. The convection cooling channel may be adapted to receive air entering the
entrance aperture and adapted to expel air through the exit aperture.

[0008] The air entering the constricted convection cooling channel may be from a
refrigerated air source in communication with the entrance opening. A septum in
association with the external housing may be adapted to direct air into the constricted
convection cooling channel. A fan may be used to draw the refrigerated air through the
constricted convection cooling channel. In other embodiments, a fan may be used to
force air through the constricted convection cooling channel.

[0009] The foregoing and other features and advantages will be apparent from the
following more detailed description of the particular embodiments, as illustrated in the

accompanying drawings.
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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 1 is a perspective view of a display that may be used in an exemplary
embodiment.

[0012] FIGURE 2 is a posterior view of a display that may be used in an exemplary
embodiment.

[0013] FIGURE 3 is a perspective view of the convection constriction plate.

[0014] FIGURE 4 is an exploded view of a display that may be used in an exemplary
embodiment and an exemplary embodiment of the convection constrictive plate.

[0015] FIGURE 5 is a front perspective view of a fan and display that may be used in
an exemplary embodiment of the present invention and a exemplary embodiment of the
constrictive convection plate.

[0016] FIGURE 6 is a perspective view of a double display housing utilizing an
exemplary embodiment of the constricted convection air cooling system for an
electronic display.

[0017] FIGURE 7 is a posterior view of a display the may be found in a double display
housing utilizing an exemplary embodiment of the constricted convection air cooling
system for an electronic display.

[0018] FIGURE 8 is an exploded view of an exemplary embodiment of the constricted

convection air cooling system for an electronic display.
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[0019] FIGURE 9 is a perspective view of an exemplary embodiment of the
constricted air cooling system for an electronic display of the present invention with an

optional isolated gas cooling system.

Detailed Description

[0020] Exemplary embodiments relate to a cooling system for an electronic display
and to combinations of the cooling system and the electronic display. Exemplary
embodiments of the present invention provide a constrictive convection cooling system
for an electronic display.

[0021] Fig. 1 is a perspective view of a display that may be used in an exemplary
embodiment of the present invention. As may be appreciated, when the display 10 is
exposed to outdoor elements, the temperatures inside the display 10 will vary greatly
without some kind of cooling device. As such, the electronics including the display
screen 12 (e.g., LCD screen) will have a greatly reduced life span. By implementing
certain embodiments of the cooling system disclosed herein, temperature fluctuation is
greatly reduced. This cooling capability has been achieved in spite of the fact that
larger screens generate more heat than smaller screens.

[0022] The display 10 shown is equipped with an innovative constricted convection
cooling system. Accordingly, it may be placed in direct sunlight. Although the cooling
system may be used on smaller displays, it is especially useful for larger LCD, LED, or
organic light emitting diodes (OLED) displays. These screens, especially with displays

over 24 inches, face significant thermoregulatory issues in outdoor environments.
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[0023] It is to be understood that the spirit and scope of the disclosed embodiments
includes cooling of displays including, but not limited to LCDs. By way of example and
not by way of limitation, the present invention may be used in conjunction with displays
selected from among LCD (including TFT or STN type), light emitting diode (LED),
organic light emitting diode (OLED), field emitting display (FED), cathode ray tube
(CRT), and plasma displays. Furthermore, embodiments of the present invention may
be used with displays of other types including those not yet discovered. In particular, it
is contemplated that the present invention may be well suited for use with full color, flat
panel OLED displays. While the embodiments described herein are well suited for
outdoor environments, they may also be appropriate for indoor applications (e.g.,
factory environments) where thermal stability of the display may be at risk.
Furthermore, while most of this disclosure is written in terms of cooling, embodiments
enclosed herein may be utilized for heating in particular applications. The means for
cooling the air in the cooling systems may be replaced with a means for heating the air.
A heating system for an electronic display would allow outdoor screens in climates
normally too cold for liquid crystal or other like technologies.

[0024] Fig. 2 is a posterior view of a display 10 that may be used in an exemplary
embodiment of the present invention. In a typical display, the display posterior 22
includes four mounting brackets 20. The four mounting brackets 20 are shown by way
of example and not by way of limitation, exemplary embodiments may be used with
various numbers of mounting brackets 20. The mounting brackets 20 serve to attach

the constricted convection plate 30 (shown in Fig. 3) to the display posterior 22. The
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height that the mounting brackets 20 extending from the display posterior 22 define the
depth of the constricted convection cooling channel 50 (shown in Fig. 5).

[0025] Figure 3 is an exemplary embodiment of the constrictive convection plate 30
of the present invention. The constrictive convection plate 30 may have angled side
panels 32. The angled side panels 32 are adapted to extend from the constrictive
convection plate 30 and make contact with the display posterior 22 and direct air
through the constrictive convection channel 50 (shown in Figure 5). The constrictive
convection panel 30 may also be constructed to include access apertures 34. The
access apertures 34 are defined by the constrictive convection plate 30 and allow
access to hardware found on the display posterior 22; without the need to remove the
constrictive convection plate 30. The access apertures 34 may be plugged before
operation to maintain directed contact between the refrigerated air and the posterior
display 10 surface.

[0026] The width of the constrictive convection channel 50 may vary according to the
thermal requirements of a particular application. In some embodiments, the constrictive
convection channel 50 may be one-half inch or less. In other embodiments, the
constrictive convection channel 50 may be between one-half and one inch. In still other
embodiments, the constrictive convection channel 50 may be greater than 1 inch.
[0027] Figure 4 is an exploded view showing the relationship of a display 10 that may
be used in an exemplary embodiment of the present invention and an exemplary
embodiment of the convection constrictive plate 30 of the present invention. As
described above, the convection constriction plate 30 may be attached to the display

posterior 22 by the mounting brackets 20 (shown in Figure 2). The size of the
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convection constriction plate 30 may be of sufficient size to cover the entire posterior
display surface 22. In other exemplary embodiments, the size of the convection
constriction plate 30 may be adjusted to provide sufficient cooling of the display
posterior 22.

[0028] Figure 5 is an exemplary embodiment of the present invention. The
constrictive convection plate 30 is shown mounted to the display posterior 22. The
mounting brackets 20 (shown in Fig. 2) may be used to secure the constrictive
convection plate 30. The constrictive convection plate 30 and the display posterior 22
define a constricted convection cooling channel 50 immediately behind the display
posterior 22. In some exemplary embodiments, constrictive convection cooling channel
50 may run the length and width of the display 10. In other embodiments, the
constrictive convection cooling channel 50 may be of sufficient size to provide thermal
stability to the display 10.

[0029] The constrictive convection cooling system 54 may include a means for
increasing the speed at which air travels through the constrictive convection cooling
channel 50. This means may include a fan 52 which may be positioned near an
opening of the constriction convection cooling channel 50. The fan 52 may either force
the air through the constrictive convection channel 50 or pull the air through the
constrictive convection channel 50. The use of a fan 52 may provide increased velocity
of the air traveling through the constrictive convection cooling channel 50, thus
increasing the efficiency with which heat is transferred from the display posterior 22.
[0030] In other exemplary embodiments, a means for cooling the air (not shown in the

Figures) passing through the constrictive convection cooling channel 50 may be used.
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A means for cooling the air may include, but is not limited to, a conditioning unit, a
refrigeration unit, or any other means to decrease the temperature of the air passing
through the constrictive convection plate 30.

[0031] Figure 6 is a double display housing 60 utilizing an exemplary embodiment of
the constricted convection air cooling system 54 for an electronic display of the present
invention. A convection constriction plate 30 is mounted to a display posterior 22. The
convection constriction plate 30 and the display posterior 22 define a constricted
convection cooling channel 50 immediately behind the display posterior 22. An
entrance opening 62 adapted to receive air is defined by the constrictive convection
plate 30. An exit opening 64 adapted to expel air from the constrictive convection
cooling channel 50 is defined by the convection constriction plate 30 and the display
posterior 22. As above, the constrictive convection plate 30 may have access
apertures 34. The access apertures 34 allow access to hardware located behind the
constrictive convection plate 30. The access apertures 34 may be closed before use
using plugs or other similar devices (not shown in the Figures).

[0032] An air source (not shown in the Figures) may be in communication with the
entrance opening 62. Air is forced through the entrance opening 62 and into the
constrictive convection channel 50. The constrictive convection channel 50 directs the
air into contact with the display posterior 22 increasing heat transfer from the display.
In addition, the narrowing of the air flow path by the constrictive convection channel 50
also increases the effectiveness of the heat transfer. After passing over the display

posterior 22, the air exits the constrictive convection channel 50 through the exit
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opening 64. The expelled air may then pass through a portion of the double display
housing 60 into the atmosphere.

[0033] As above, a means for cooling the air (not shown in the Figures) forced into the
constrictive convection cooling channel 50 may be employed. The means for cooling
the air may include, but is not limited to, a conditioning unit, a refrigerating unit, or any
other means to decrease the temperature of the air before entering the constrictive
convection cooling channel 50.

[0034] Figure 7 is a double display housing 60 that may use an exemplary
embodiment of the constrictive convection air cooling system 54 of the present
invention. The display posterior 22 may include mounting brackets 20. The mounting
brackets 20 are shown by way of example and not by way of limitation. The present
invention may use various numbers of mounting brackets 20. The mounting brackets
20 may serve to attach the constrictive convection plate 30 (shown in Figure 3) to the
display posterior 22. The height of the mounting brackets 20 extend from the display
posterior defines the depth of the constrictive convection cooling channel 50 (shown in
Figure 5).

[0035] As with other exemplary embodiments, a means for increasing the speed at
which the air travels through the constrictive convection cooling channel 50 may be
used. The means for increasing the air speed may be in association with either the
entrance opening 62 or the exit opening 64. The means for increasing the air speed
may include, but is not limited to, a fan (shown in Figure 5).

[0036] Figure 8 is an exploded view of the constrictive convection cooling system 54,

for use with an electronic display 10, of the present invention. The display 10 may be
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encased in an external housing 80. The external housing 80 may have an air entrance
end 82 and an exhaust end 84. The air entrance end 82 defines an entrance aperture
86. The exhaust end 84 defines an exit aperture 88. A constrictive convection plate 30
may be mounted to the display posterior 22 (shown in Figure 2) using mounting
brackets 20. The constrictive convection plate 30 and the display posterior 22 define a
constrictive convection cooling channel 50 immediately behind the display posterior 22.
The constrictive convection plate 30 further defines an entrance opening 62 and an exit
opening 64 (shown in Figure 6). The entrance opening may be adapted to receive air
entering the entrance aperture 86. The exit opening may be adapted to expel air
through the exit aperture 88.

[0037] Septa 90 are associated with the external housing 80. The septa 90 may be
adapted to prevent air from evading the constricted convection channel 50. The septa
90 may also be adapted to provide support and an attachment port for the external
housing 80.

[0038] Air or another appropriate gas may be in gaseous communication with the
entrance opening 86. The air then passes through the entrance opening 86 into a
middle chamber 92. The middle chamber 92 is defined by the external housing 80 and
the constrictive convection plate 30. Once the air enters the middle chamber it may be
directed through the entrance opening 62. A septum 90 may be positioned to direct air
into the entrance opening 62 and prevent the air evading the entrance opening 62.
After passing through the entrance opening 62, the air may enter the constrictive
convection cooling channel 50. as the air passes through the convection constrictive

cooling channel heat is transferred away from the display posterior 22.
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[0039] After absorbing heat from the display posterior 22, the air may exit the
constrictive convection channel 50 through the exit opening 64. A septum 90 may be
used to prevent the exiting air from evading the exit aperture 88, and to direct the air
towards the exit aperture 88. The air is then expelled through the exit aperture 88 in to
the atmosphere.

[0040] To assist in the movement of air through the constrictive convection channel
50 a means to increase the air speed may be used. Increasing the air speed allows for
increased heat removal. The means to increase the air speed may include, but is not
limited to, a fan 52. The fan 52 may be associated with the exit opening 64 and may
draw air from the constrictive convection channel 50. In other embodiments, the fan 52
may be associated with the entrance opening 62 and may force air into the constrictive
convection channel 50.

[0041] In other exemplary embodiments, a means for cooling air in gas
communication with the entrance opening 62 may be employed. The means for cooling
the air may include, but is not limited to, a conditioning unit, a refrigerating unit, or any
other device that decreases the temperature of the air. Cooling the air further increases
the air’s ability to transfer heat from the display posterior 22. The means for cooling air
may be housed within the external housing 80, or it may be an external unit.

[0042] Figure 9 is a display 10 housing using the constriction convection cooling
system 54 of the present invention. An exemplary display 10 may also be utilized in
conjunction with an optional isolated gas cooling system 100 which is the subject matter
of co-pending U.S. Application No. 61/033,064, hereby incorporated by reference, in its

entirety herein.
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[0043] The exemplary embodiment shown in Figure 9 includes three cooling loops.
The first cooling loop is comprised of the constrictive convection plate 30 mounted to
the display posterior 22. The second cooling loop is comprised of the isolated gas
cooling system 100. The third cooling loop is comprised of the ambient air vent system
used to cool the refrigeration unit 110. In other exemplary embodiments, all three loops
may include refrigerated air. In still other exemplary embodiments, all three loops may
contain heated air. The ability to provide cooled and heated air in the loops allows use
of an outdoor electronic display across a variety of climates. Other exemplary
embodiments may contain any combination of cooling loops.

[0044] In the first cooling loop, a constrictive convection plate 30 may be mounted to
the display posterior 22 (shown in Figure 2). Mounting brackets 20 (shown in Figure 2)
may be used to fix the constrictive convection plate to the display posterior. A
constrictive convection channel 50 is defined by the constrictive convection plate 30,
and is immediately against the display posterior 22.

[0045] Air may enter the entrance aperture 86, which is defined by external housing
80. The air passes through the entrance aperture 86 to the entrance opening 62, and
into the constrictive convection channel 50. The air may then be expelled into the
atmosphere from the constrictive convection channel 50 through the exit opening 64.
Optionally, a means for increasing the speed of the air traveling through the constrictive
convection channel 50 may be included either associated with the entrance opening 62
or the exit opening 64.

[0046] The second cooling loop may be an exemplary embodiment of an isolated gas

cooling system 100. The isolated gas cooling chamber 102 comprises a closed loop
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which includes a gas chamber 104 and return air passage 106. The gas chamber 104
includes a transparent plate 108. The term “isolated gas” refers to the fact that the gas
within the isolated gas cooling chamber 102 is essentially isolated from the external air
in the housing of the display 10. In the embodiment shown, the isolated gas cooling
system 100 comprises refrigerated air. Because the gas chamber 102 is positioned in
front of the display 10, the gas should be substantially free of dust or other
contaminates that might negatively affect the display image.

[0047] The isolated gas may be almost any transparent gas, including, but not limited
to, normal air, nitrogen, helium, or any other transparent gas. The gas is preferably
colorless so as not to affect the image quality. Furthermore, the isolated gas cooling
chamber 102 need not necessarily be hermetically sealed from the external air. It is
sufficient that the gas in the chamber is isolated to the extent that dust and
contaminates may not substantially enter the first gas chamber.

[0048] The gas chamber 104 is in gaseous communication with the return air passage
106. A refrigeration unit 108 may be provided within the closed circuit. The
refrigeration unit may be any device which cools the air in the isolated gas cooling
chamber 102. Along with cooling the air, the refrigeration unit 108 may be utilized to
propel the gas around the isolated gas cooling chamber 102. The gas chamber 104
includes at least one front glass 108 mounted in front of the display 10. The front glass
108 may be set forward from the display 10 by spacers (not shown in the Figures). The
spacing members define the depth of the narrow channel passing in front of the display
10. The spacing members may be independent of alternatively may be integral with

some with some other component of the device (i.e., integral with the front plate). The
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display 10, the spacing members, and the front glass 108 define the narrow gas
chamber 104. The gas chamber 104 may be gaseous communication with the return
air passage 106 through entrance openings 112 and exit openings 114.

[0049] As the isolated gas in the gas chamber 104 traverses the isolated gas cooling
chamber 102 it contacts the display 10 surface. Contacting the cooling gas directly to
the display 10 enhances the convective heat transfer way from the display 10. By
utilizing the display 10 as the posterior surface wall of the gas chamber 104, there are
fewer surfaces to impact the visible light traveling through the display 10. Furthermore,
the device will be lighter and cheaper to manufacture.

[0050] Although the embodiment shown utilizes the display 10, certain modifications
and/or coatings (e.g., anti-reflective coatings) may be added to the display 10, or to
other components of the system in order to accommodate the coolant gas or to improve
the optical performance of the device. In the embodiment shown, the display 10 may
be the front glass plate of a liquid crystal display (LCD) stack. However, almost any
display surface may be suitable for embodiments of the present cooling system.
Although not required, it is preferable to allow the cooling gas in the gas chamber 104
to contact the display 10 directly. In this way, the convective effect of the circulating
gas will be maximized. Preferably the gas, which has absorbed heat from the display
10 may then be diverted to the refrigeration unit 110 by way of the return air passage
106.

[0051] To maintain efficiency of the refrigeration unit 110, a third cooling loop may be
utilized, wherein ambient air may be passed through the external housing 80. The

ambient air enters the external housing through vent openings 116 and exits through
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vent exits 118. The ambient air passing through the vent openings and exits 116 and
118 carries away heat generated by the refrigeration unit 110.

[0052] An optional air filter (not shown) may be employed within the isolated gas
cooling system 100 to assist in preventing contaminates and dust from entering the gas
chamber 104. It is also understood that any cooling loop may be include cooled air,
and as stated above the cooling loop may also provide heated air.

[0053] The constricted convection cooling system may also be used in conjunction
with an air curtain as described in Co-pending Application No. 11/941,728, hereby
incorporated by reference in its entirety.

[0054] 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

1. A constricted convection air cooling system for an electronic display, the system

comprising:
an external housing with an air entrance end and an exhaust end;
wherein the air entrance end defines an entrance aperture;
wherein the exhaust end defines an exit aperture;
a convection constriction plate mounted to a posterior display surface;

wherein the constriction plate defines a constricted convection cooling

channel immediately behind the posterior display surface; and

wherein the convection cooling channel defines an entrance opening
adapted to receive air entering the entrance aperture and an exit opening

adapted to expel air through the exit aperture.

2. The system of claim 1, wherein:

the posterior display surface includes at least two mounting brackets adapted to

receive the convection constriction plate.
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3. The system of claim 1, further comprising:

a refrigerated air source in gas communication with the entrance opening.

4. The system of claim 1, further comprising:

a septum associated with the external housing adapted to prevent refrigerated

air from evading the constricted convection channel.

5. The system of claim 1, further comprising:

a fan adapted to draw air through the constricted convection channel.

6. The system of claim 1, further comprising:

a fan associated with the entrance aperture adapted to force air through the

constricted convection channel.

7. The system of claim 1, wherein:

the convection constriction plate defines a constriction plate aperture.
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8. The system of claim 1, further comprising:
a fan adapted to move air through the constricted convection channel; and

a septum associated with the external housing adapted to prevent refrigerated

air from evading the constricted convection channel.

9. The system of claim 8, further comprising:

a refrigerated air source in gas communication with the entrance opening.

10. The system of claim 8, wherein:

the external housing defines a middle chamber immediately posterior to the

constricted convection channel; and

the external housing defines a second exit aperture.

11. The system of claim 10, wherein:

the convection constriction plate defines a constriction plate aperture.
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12. A constricted convection cooling system for an electronic display, the system

comprising:
a convection constriction plate mounted to a posterior display surface;

the convection constriction plate defines a constricted convection cooling

channel with an entrance opening and an exit opening; and

means for moving air through the constricted convection cooling channel.

13. The system of claim 12, further comprising:
an external housing with an air entrance end and an exhaust end;
wherein the air entrance end defines an entrance aperture; and

wherein the exhaust end defines an exit aperture.

14. The system of claim 13, further comprising:

a refrigerated air source.

15. The system of claim 13, further comprising:
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a septum adapted to prevent refrigerated air from evading the constricted

convection channel.

16. The system of claim 14, wherein:

the convection constriction plate defines a constriction plate aperture.

17. A method of cooling an electronic display comprising:
forming a narrow convection channel behind a posterior surface of the display;
generating refrigerated air;
supplying the refrigerated air at a first end of the narrow convection channel;

forcing the refrigerated air through the convection channel in order to cool the

display;

18. The system of claim 17, further comprising:
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expelling at least a first portion of said refrigerated air at an exit opening of the

narrow convection channel.

19. The system of claim 17, further comprising:

expelling a second portion of said refrigerated air through a constriction plate

aperture.
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ABSTRACT

A preferred embodiment of the present invention relates to a cooling system and
a method for cooling an electronic display. A preferred embodiment includes a
constrictive convection plate. The components of the system are preferably housed
within the electronic display housing. The constrictive convection plate defines a
constrictive convection cooling channel and is posterior to and co-extensive with the
posterior display surface. Fans may be used to propel or pull air through the
constrictive convection channel. A refrigeration unit may be employed to cool the air
traveling through the constrictive convection channel. The air removes heat directly

from the posterior display surface.
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The inventicn was made by an agency of the United States Government or under a contract with an agency of the United
States Government.

(&) No.

(O Yes, the name of the U.S. Government agency and the Government contract number are:
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Doc Code: TR.PROV
Document Description: Provisional Cover Sheet (SB16)

PTO/SB/16 (04-07)

Approved for use through 06/36/2610 OMB 0651-0632

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1955, nc persons are required to respond io a collection of infarmation unless it displays a valid OMB confrol number

Entity Status
Applicant claims small entity status under 37 CFR 1.27

(O Yes, applicant qualifies for small entity status under 37 CFR 1.27
(&) No

Warning

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers {other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required
by the USPTO to support a petition or an applicatich. If this type of personal information is included in documents submitted
to the USPTO, petitioners/applicants should consider redacting such personal information from the documents before
submitting them to USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public
after publication of the application (unless a non-publicaticn request in compliance with 37 CFR 1.213(a) is made in the
application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is referenced in a published application or an issued patent (see 37 CFR1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are
not publicly available.

Signature

Please see 37 CFR 1.4(d)} for the form of the signature.

Signature /Mark R. Engle/ Date (YYYY-MM-DD) |Mar 26, 2008
First Name Mark R. Last Name Engle Reglstratlo_n Number 58927
{If appropriate}

This collection of information is required by 37 CFR 1.51. The information is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This collection
is estimated to take 8 hours to complete, including gathering, preparing, and submitting the completed application form to the USPTO.
Time will vary depending upon the individual case. Any comments on the amount of time you require toc complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department
of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TC THIS ADDRESS. This
form can only be used when in conjunction with EFS-Web. If this form is mailed fo the USPTO, it may cause delays in handling
the provisional application.

EFS - Web 1.0.1 Patent Owner Manufacturing Resources International, Inc.
Exhibit 2008 - Page 34 of 43



Privacy Act Statement

The Privacy Act of 1974 {P.L. 93-579) requires that you be given certain infermation in connection with your submissicn cof
the attached form related to a patent application or paten. Acceordingly, pursuant o the requirements of the Act, please be
advised that : (1) the general authecrity for the collection of this information is 35 U.8.C. 2(b)}2); (2) furnishing of the
information sclicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your
submission, which may result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.S.C. 552) and the Privacy Act (5 U.5.C 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether disclosure of these records is required by the Freedom of Information
Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to
a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settiement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, t o a n other federal agency for purposes
of National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act {42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or hisfher designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2804 and
2806. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.8.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an applicaticn open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a viclation or potential violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

CONSTRICTED CONVECTION COOLING SYSTEM FOR AN

ELECTRONIC DISPLAY

First Named Inventor/Applicant Name:

William Dunn

Filer:

Mark Ryan Engle/Emily Shultz

Attorney Docket Number:

MAN2241-011

Filed as Large Entity

Provisional Filing Fees

Description Fee Code | Quantity| Amount SUB'STS(tg)I in
Basic Filing:
Provisional application filing 1005 1 210 210
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description

Fee Code

Quantity

Amount

Sub-Total in
USD($)

Miscellaneous:

Total in USD ($)

210
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Electronic Acknowledgement Receipt

EFS ID: 3052301
Application Number: 61039454
International Application Number:
Confirmation Number: 7719

Title of Invention:

ELECTRONIC DISPLAY

CONSTRICTED CONVECTION COOLING SYSTEM FOR AN

First Named Inventor/Applicant Name:

William Dunn

Customer Number:

08698

Filer:

Mark Ryan Engle/Emily Shultz

Filer Authorized By:

Mark Ryan Engle

Attorney Docket Number:

MAN2241-011

Receipt Date: 26-MAR-2008
Filing Date:
Time Stamp: 10:46:35
Application Type: Provisional
Payment information:
Submitted with Payment yes
Payment Type Deposit Account
Payment was successfully received in RAM $210
RAM confirmation Number 6532
Deposit Account 194076

Authorized User

File Listing:

Document

Number Document P‘éﬁi’?fi@wne

File Size(Bytes)

r ManUui&tlififig Resomeesdnbarea

Multi

Pages

tional,zlp)aif appl.)
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83372
1 Prov_Application.pdf yes 23
71d8bab6969a7t{c7aea59e2337cced0f
b514689
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 16
Claims 17 22
Abstract 23 23
Warnings:
Information:
Drawi ly black and white li 100758
2 rawmgs-onc)j/ ack and white fine NewFigures.pdf no 9
rawings
e7511c9di5d89e 19ac1 afaab3d5{c3782f
3c2e29
Warnings:
Information:
1000251
3 Provisional Cover Sheet (SB16) ProvisionalSB.pdf no 3
00a587ca7697be92d31d2a0c63{7cf357
cc8e2d6
Warnings:
Information:
8156
4 Fee Worksheet (PTO-06) fee-info.pdf no 2
e8b378fdc19ce18a31ed0d935a47528a
cdcafedd
Warnings:
Information:
Total Files Size (in bytes): 1192537
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date
shown on this Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary
components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the
International Application Number and of the International Filing Date (Form PCT/RO/105) will be issued in due
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement
Receipt will establish the international filing date of the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS | IND CLAIMS
61/039,454 03/26/2008 210 MAN2241-011

CONFIRMATION NO. 7719

8698 FILING RECEIPT

STANDLEY LAW GROUP LLP

495 METRO PLAGE SOUTH g
SUITE 210

DUBLIN, OH 43017

Date Mailed: 04/02/2008

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will
become abandoned not later than twelve months after its filing date. Any correspondence concerning the application
must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, NAME OF
APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. Please verify
the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please write to the
Office of Initial Patent Examination’s Filing Receipt Corrections. Please provide a copy of this Filing Receipt
with the changes noted thereon. If you received a "Notice to File Missing Parts” for this application, please
submit any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the
reply to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
William Dunn, Alpharetta, GA,;

Power of Attorney:
Mark Engle--58927

If Required, Foreign Filing License Granted: 03/28/2008

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 61/039,454

Projected Publication Date: None, application is not eligible for pre-grant publication
Non-Publication Request: No

Early Publication Request: No
Title

Constricted Convection Cooling System for an Electronic Display

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing

of patent applications on the same invention in member countries, but does not result in a grant of "an international
page 1 of 3
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patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national

security or the export of technical data. Licensees should apprise themselves of current regulations especially with

respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of

State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
page 2 of 3
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Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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