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[0053] In exemplary embodiments of the present invention, ingestion and
exhaustion of open loop fluid 400 may not take place along select portions of the
rear gap 44, such as the upper and lower edges. In other embodiments, ingestion
and exhaustion of open loop fluid 400 may take place along the entirety of rear
gap 44, with the possible exception of the buffer zones 46.

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

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

81 may be affixed behind interior rear panel 80 and above rear exhaust apertures
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85. The fans 81 may be configured to control the flow of the open loop fluid. Any
number of fans 81 is contemplated. In other embodiments, the fans 81 may be
located at any number of locations along the open loop flow path, or any position
between the intake 75 and exhaust apertures 85.

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

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

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

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

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

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

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

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

generally used as in intake for ambient air (filtered or unfiltered), across/through
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channel 102, and exhausting out of the portion of the gap 45 (and optional rear
gap 44) that is used as an exhaust for the fluid 400.

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

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

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

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

[0069] FIGURE 13C illustrates the exhaustion of open loop fluid 400 via rear gap
44. The open loop fluid 400 may pass through a door stiffener 115 via aperture
122.
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[0070] It should be noted that although Figures 13A-13C illustrate the rear gap 44,
in an exemplary embodiment the front gap 45 has a similar orientation as to the
rear gap 44. It has not been shown here as it would be substantially duplicative.
[0071] FIGURE 14 illustrates the combined areas of the gap 45 and the rear gap
44, as indicated by the cross hatched area. In exemplary embodiments, outside
of the buffer zone 486, the cross hatched area allows the flow of open loop fluid
400 either into or out of the gap 45 (and the cptional rear gap 44).

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

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

60. The optional stiffeners 110 may comprise a series of apertures 135 that
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facilitate open loop fluid 400b to flow through the optional stiffeners 110. The
illustrated optional stiffeners 110 and the apertures 135 are merely exemplary,
any number and shape of the optional stiffeners 110 and the apertures 135 is
contemplated.

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

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

[0076] A substantially identical flow path in reverse may be taken for exhaustion
of the open loop fluid at on the opposite end of the assembly 5. Again, in
exemplary embodiments, ingestion takes place in the upper half or assembly 5
and exhaustion takes place in the lower half of assembly 5. In other embodiments,
ingestion takes place in the lower half and exhaustion in the upper half of the
assembly 5. In still other embodiments, ingestion may take place on the right side
while exhaustion takes place on the left side with the buffer zone 46 placed at the
top and bottom edges of the assembly to prevent cross inhalation of the two flow
paths.

13

SEC et al. v. MRI
SEC Exhibit 1022.4506
IPR2023-00221



WO 2016/133852 PCT/US2016/017973

[0077] FIGURE 18 illustrates an exemplary flow path for the open loop fluid 400
after being ingested via the gap 45 and the rear gap 44. The open loop fluid 400
which is ingested via the rear gap 44 may travel along the door cavity 17 between
the optional door stiffeners 110 and can be referred to as the open loop fluid 400b.
The open loop fluid 400b may then travel vertically along the rear interior panel
80 and be ingested via the rear intake apertures 75. Other portion of open loop
fluid 400 may travel along the left side channel 18 and the right side channel 19
and be referred to as the open loop fluid 400a. After traveling vertically through
the side channels 18 and 19, the open loop fluid 400a may travel over the top of
said channels and be ingested via the intake apertures 75. Similarly, the open
loop fluid 400 may be ingested via the gap 45, travel through the door stiffener
apertures 125 below front panel 10, and be ingested via the intake apertures 65.
[0078] FIGURE 19A illustrates a rear perspective view of the assembly of FIG. 1
shown in isolation from the free standing display 15 and indicating Detail S.
[0079] FIGURE 19B illustrates a front perspective view of the assembly of FIG. 1
shown in isolation from the free standing display 15 and indicating Detail T.
[0080] FIGURE 20 illustrates that the portion of open loop fluid 400 traveling in the
right side channel 19 is referred to as open loop fluid 400a. The open loop fluid
400a may travel inside the right side channel 19, over the top of the right side
interior channel 22, and into the intakes apertures 75.

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

[0082] FIGURE 22 is bottom perspective section view taken along section line B-
B of FIG. 4. Once the open loop fluid 400a/400b is ingested via the various intake
apertures 75 and 65, it is combined and then apportioned between a first portion

of open loop fluid 400 which travels through the open loop gas pathways of the
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heat exchanger 100, and a second portion of open loop fluid 400 which is directed
through the channel 102.

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

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

[0086] The flow of open loop fluid 400 travels through the channel 102 and again
passes around the pass through gasket 200 to enter the left side interior channel
22, eventually being directed out of the portions of the gap 45 (and the optional
rear gap 44) which have been designated for exhaustion of the fluid 400. In this

embodiment, the circulating gas 700 is shown exiting the heat exchanger 100 and
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passing through the opening within the pass through gasket 200 and then
between the electronic display 70 and the front panel 10.

[0087] In a preferred embodiment, the heat exchanger 100 would be a cross-flow
heat exchanger. However, many types of heat exchangers are known and can
be used with any of the embodiments herein. The heat exchanger 100 may be a
cross-flow, parallel flow, or counter-flow heat exchanger. In an exemplary
embodiment, the heat exchanger 100 would be comprised of a plurality of stacked
layers of thin plates. The plates may have a corrugated, honeycomb, or tubular
design, where a plurality of channels/pathways/tubes travel down the plate length-
wise. The plates may be stacked such that the directions of the pathways are
alternated with each adjacent plate, so that each plate’s pathways are
substantially perpendicular to the pathways of the adjacent plates. Thus, external
air or circulating gas may enter an exemplary heat exchanger only through plates
whose channels or pathways travel parallel to the path of the gas. Because the
plates are alternated, the circulating gas and open loop fluid may travel in plates
which are adjacent to one another and heat may be transferred between the two
gases without mixing the gases themselves (if the heat exchanger is adequately
sealed, which is preferable).

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

[0089] Other types of cross-flow heat exchangers could include a plurality of tubes

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

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

[0091] In an exemplary embodiment, the electronic display 70 would be a direct
LED backlit LCD where the LED backlight would contain a plurality of LEDs
mounted on a thermally conductive substrate (preferably a metal core PCB). The
rear surface of the LED backlight would preferably contain a thermally conductive
plate which may be in conductive thermal communication with the channel 102.
[0092] The circulating gas 700 and open loop fluid 400 can be any number of
gaseous matters. In some embodiments, air may be used as the gas for all.
Preferably, because the circulating gas 700 travels in front of the electronic display
70 it should be substantially clear, so that it will not affect the appearance of the

image to a viewer. The circulating gas 700 should also preferably be substantially
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free of contaminates and/or particulate (ex. dust, dirt, pollen, water vapor, smoke,
etc.) in order to prevent an adverse effect on the image quality and/or damage to
the internal electronic components. Generally speaking, exemplary embodiments
would utilize ambient air as the open loop fluid 400.

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

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

[0095] The central septum 140, the right channel septum 130, and the left channel
septum 130 (hereinafter collectively the “horizontal partition”) may be configured
to substantially divide the door cavity 17 into an upper and lower half. The
horizontal partition may be configured such that it creates a substantially air-tight
seal between the upper and lower halves of the door cavity 17. Optionally, the
horizontal partition may further comprise an expandable material, such as

polyurethane foam, utilized in conjunction with the horizontal partition to provide
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the airtight seal between the upper and lower halves. In exemplary embodiments
the central septum 140 may be comprised of a sufficiently flexible material, such
as a polymer, to create an airtight seal in the door cavity 17. In alternate
embodiments, the central septum 140 may be comprised of a rigid material. In
exemplary embodiments, the right channel septum 130 and the left channel
septum 130 may be rigid.

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

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

[0098] As also discussed in the previous figures, the open loop fluid 400 may
circulate through the optional heat exchanger 100 until eventually being
exhausted via the exhaust apertures 85. The open loop fluid 400 may then
eventually return to the right side channel 19 or the left side channel 18 and travel
vertically therein. The right channel septum 130 and the left channel septum 130,
respectively, may prevent said open loop fluid from traveling beyond the midline

of assembly 5 and thereby prevent the open loop fluid from each half of the
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assembly 5 from becoming mixed. That is, open loop fluid not yet ingested via
the intake apertures 65 and 75 may not be mixed with open loop fluid already
ingested via said intake apertures 65 and 75. The open loop fluid encountering
the right side septum 130 and the left side septum 130, respectively, may be
forced to return vertically in the opposite direction until eventually being exhausted
from the assembly 5 via the gap 45 (and optional rear gap 44).

[0099] FIGURE 26A and FIGURE 26B illustrate exemplary embodiments of the
channel septums 130. In such embodiments, a portion of the channel septums
141 may be adjustable such that (if desired) a portion of the open loop fluid 400a
may be permitted to pass by the channel septums 130, thereby permitting a limited
amount of mixing between the ingestion and exhaustion open loop fluids. In such
embodiments, a second portion of the channel septums 142 may be static, such
that they may not be adjusted and provide a substantially air-tight seal such that
ingestion and exhaustion open loop fluids may not be mixed. In other
embodiments, the entirety of the channel septums 130 may be adjustable. In still
other embodiments, the entirety of the channel septums 130 may be static.
[00100] It is to be understood that the spirit and scope of the disclosed
embodiments provides for the cooling of many types of displays. By way of
example and not by way of limitation, embodiments may be used in conjunction
with any of the following electronic image assemblies: LCD (all types), light
emitting diode (LED), organic light emitting diode (OLED), field emitting display
(FED), light emitting polymer (LEP), organic electro luminescence (OEL), plasma
displays, and any other thin panel electronic image assembly. Furthermore,
embodiments may be used with displays of other types including those not yet
discovered. In particular, it is contemplated that the system may be well suited
for use with full color, flat panel OLED displays. Exemplary embodiments may
also utilize large (55 inches or more) LED backlit, high definition liquid crystal
displays (LCD). While the embodiments described herein are well suited for

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

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

[00102] It should also be noted that the variety of cooling loops that are shown in
the figures may be shown in a horizontal or vertical arrangement but it is clearly
contemplated that this can be reversed or changed depending on the particular
embodiment. Thus, the open loop may run horizontally or vertically and in a
clockwise or counter-clockwise direction. Further, the open loop may also be
horizontal or vertical and can run left to right, right to left, and top to bottom, or
bottom to top.

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

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

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

3. The electronic display assembly of claim 1 wherein:
the ingestion gap permits the ingestion of ambient air into the housing

4. The electronic display assembly of claim 2 further comprising:
a central septum placed within the buffer zone.

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

of the second gaseous pathway.
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8. The electronic display assembly of claim 5 further comprising:
a channel septum placed within the first side channel.

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

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

9. An electronic display assembly comprising:

an electronic display;

a housing surrounding the electronic display;

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

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

a channel positioned behind the electronic display;

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

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

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

10. The electronic display assembly of claim 9 further comprising:

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

12. The electronic display assembly of claim 11 further comprising:
a central septum placed at the same vertical height as the buffer zone.

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

exchanger.

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

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

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

17. An electronic display assembly comprising:
an electronic display;
a housing and front panel which surround the electronic display;

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

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

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

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

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

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

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

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

a second side channel positioned vertically and permitting gaseous

communication between the heat exchanger and the exhaustion

gap.

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

20. The electronic display assembly of claim 19 wherein:
the first and second side channel septums substantially block the vertical
flow of open loop fluid.
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Embodiments relate generaily 1o various
thermal control featurss for electronic
displays. One fealurs comprises a closad
loon isolated gas chamber, where a first
chamber is in contact with the display
surface and transfers heat batweaen the
isolated gas and the display surfacs. A
sacond chamber s in gasenus
communication with the first chamber and
is adapted {o heatl or cool the iscigted gas
and reintroduce the isclated gas into the
first chamber. Ancther feature uses
constricted convaction to facilitate the
cooling of the backlight assembly for the

RN “s

slactronic display. Anothsr fealure uses
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an air curtain o further heat or cool the exdarior viewing surface of the display. Anacther
featurs uses 3 linear polanizer with an insulating gap to reduce the solar inading of the
display stack and provide insulation from the ambient aiy temperature. Ancther featurs
uses a fluid system 1o contact fluid coolant with the display swrface in order o cool the
display. Each of the features may be used alone, or in combination to provide the
proper operating temperatures for the display depending on s desired operating
gnvironmant,
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(54) Title: SYSTEM FOR COOLING AN ELECTRONIC IMAGE ASSEMBLY

FIG -4

(57) Abstract: A system for cooling an
electronic image assembly. One embodi-
ment of the system contains a plurality
of channels place behind the electronic
image assembly and preferably in con-
ductive thermal communication with the
image assembly. Ambient gas is ingested
into the display housing and directed to
a manifold which distributes the ambient
gas to the plurality of channels. Another
embodiment of the system uses a heat
exchanger with an internal fan assembly.
Circulating gas may also be used to cool
a front portion of the electronic image
assembly or any other internal cavity of
the electronic display housing. The cir-
culating gas may be drawn through a
heat exchanger so that heat may be
transferred to an ambient gas. The heat
exchanger may have an internal fan as-
sembly for drawing ambient air through
the heat exchanger and exhausting it out
of the display housing.
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SYSTEM FOR COOLING AN ELECTRONIC IMAGE ASSEMBLY

Inventors: Tim Hubbard and William Dunn
Technical Field
[0001] Exemplary embodiments generally relate to cooling systems and in particular

to cooling systems for electronic displays.

Background of the Art

[0002] Improvements to electronic displays now allow them to be used in outdoor
environments for informational, advertising, or entertainment purposes. While displays
of the past were primarily designed for operation near room temperature, it is now
desirable to have displays which are capable of withstanding large surrounding
environmental temperature variations. For example, some displays are capable of
operating at temperatures as low as -22F and as high as 113 F or higher. When
surrounding temperatures rise, the cooling of the internal display components can
become even more difficult.

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

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

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

[0006] When using LCD displays, it was found that backlights were often a source of
heat and it was desirable to move gas across the rear surface of the backlight in order
to cool it. While desirable, it was thought that the front surface of the backlight could
not be cooled for fear that the backlight cavity would become contaminated with dust,
dirt, or other particulate.

Summary of the Exemplary Embodiments

[0007] Exemplary embodiments use a combination of circulating gas and ambient gas
in order to adequately cool an electronic display. Circulating gas may be used to
remove heat from the front of the image assembly. When using a LCD as the
electronic image assembly, circulating gas may also be used to remove heat from the
backlight cavity of the LCD. Because the gas is only circulating within the display, it can
remain free of particulate and contaminates and will not harm the display.

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

[0009] In order to reduce noise emissions, the fans which drive the ambient and/or

circulating gas through the heat exchanger may be placed within the heat exchanger,

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

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

[0011] The foregoing and other features and advantages will be apparent from the
following more detailed description of the particular embodiments of the invention, as

illustrated in the accompanying drawings.

Brief Description of the Drawings

[0012] A better understanding of an exemplary embodiment will be obtained from a
reading of the following detailed description and the accompanying drawings wherein
identical reference characters refer to identical parts and in which:

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

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

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

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

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

[0018] FIGURE 5 provides a perspective sectional view of insert C shown in Figure 4.

[0019] FIGURE 6 provides a perspective sectional view of one embodiment of the
cross through plate.

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

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

[0022] FIGURE 9 provides a perspective sectional view of an exemplary embodiment
which uses a flow of circulating gas through the backlight cavity in addition to the flow of

circulating gas between the LCD and front plate.

Detailed Description

[0023] The invention is 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.

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

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

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

[0027] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein,
the singular forms "a", "an" and "the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," when used in this specification, specify the
presence of stated features, integers, steps, operations, elements, and/ or components,
but do not preclude the presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups thereof.

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

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

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

[0030] Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill
in the art to which this invention belongs. It will be further understood that terms, such
as those defined in commonly used dictionaries, should be interpreted as having a
meaning that is consistent with their meaning in the context of the relevant art and will
not be interpreted in an idealized or overly formal sense unless expressly so defined
herein.

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

[0032] FIGURE 1B provides a rear perspective view of an exemplary embodiment
of the electronic display 100. A rear cover 15 may be used to provide access to the
internal components of the display 100.
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[0033] FIGURE 2 provides a rear perspective view similar to that shown in Figure 1B
where the rear cover 15 has been removed. Ambient gas 200 may be ingested into the
display through the inlet aperture 24 and pass through a heat exchanger 45 and exit the
display through the exit aperture 25. The ambient gas 200 may be drawn into the
display and forced through the heat exchanger 45 using heat exchanger fan assembly
46. An exemplary placement for the heat exchanger fan assembly 46 is discussed
further below, but in many embodiments the fan assembly 46 can be placed near the
inlet aperture 24 and/or exit aperture 25 and may or may not be placed within the heat
exchanger 45 (as shown in Figure 2).

[0034] Optionally, ambient gas 210 may also be ingested into the display through inlet
aperture 24 (or a separate inlet aperture). Ambient gas 210 may then be directed
through a first manifold 30 which travels along the edge of the display. The first
manifold 30 accepts the single larger inlet flow of ambient gas 210 and distributes it into
a plurality of smaller flows (channels 60) across the display. A second manifold 35 may
be placed along the opposite edge of the display as the first manifold 30. The second
manifold 35 accepts the plurality of smaller flows (channels 60) and combines them into
a single flow and exhausts it out of the exit aperture 25 (or a separate exit aperture). In
this embodiment, a manifold fan assembly 211 is used to draw the ambient gas 210
into the inlet aperture 24 and force the ambient gas 210 across the display. For this
particular embodiment, the manifold fan assembly 211 is placed within the first manifold
30 and is used to draw the ambient gas 210 into the display as well as distribute the
single flow into a plurality of smaller flows (channels 60). This is not required however,
as some embodiments may place the manifold fan assembly 211 in the second
manifold 35, or within both the first and second manifolds 30 and 35.

[0035] The first and second manifolds 30 and 35 may be placed along any opposing
edges of the display. However, it is preferable that the first and second manifolds 30
and 35 are placed along the vertical edges of the display with the channels 60 travelling
horizontally. Other embodiments may place the first and second manifolds 30 and 35
along the horizontal edges of the display with the channels 60 travelling vertically.
[0036] While both flows of ambient gas may be used in an exemplary embodiment,
there is no requirement that they are both used. Some embodiments may use only
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ambient gas 200 or ambient gas 210. Also, if using both flows of ambient gas 200 and
ambient gas 210 there is no requirement that they share the same inlet and exit
apertures. Thus, there may be separate inlet and exit apertures for the two flows of
ambient gas.

[0037] FIGURE 3 provides a perspective sectional view along the A-A section line
shown in Figure 1B. Again, ambient gas 200 may be ingested into the display through
the inlet aperture 24 and pass through a heat exchanger 45 and exit the display through
the exit aperture 25. The ambient gas 200 may be drawn into the display and forced
through the heat exchanger 45 using heat exchanger fan assembly 46. Obviously, the
inlet aperture 24 may contain a filter or other coverings so that contaminates, insects,
garbage, and/or water/fluids cannot easily be ingested into the display. However, an
exemplary embodiment would not be damaged if the ambient gas 200 contained
contaminates as they would only pass through the heat exchanger 45 which may not be
susceptible to damage from particulate or contaminates. Exit aperture 25 may also
contain some type of covering to ensure that contaminates and/or insects could not
enter the display.

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

[0039] The channels 60 can take on any number of forms. Although shown in this
embodiment with a square cross-section this is not required. Other embodiments may
contain channels 60 with I-beam cross-sections, hollow square cross-sections, hollow
rectangular cross-section, solid rectangular or solid square cross-sections, ‘T’ cross-
sections, ‘Z' cross-sections, a honeycomb cross-section, or any combination or mixture
of these. The channels 60 are preferably thermally conductive and also preferably in

thermal communication with the electronic image assembly 50. Thus, in a preferred
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embodiment, heat which accumulates on the rear portion of the electronic image
assembly 50 may be transferred throughout the channels 60 and removed by ambient
gas 210. Preferably, the channels 60 are metallic and even more preferably aluminum.
Further, in an exemplary embodiment the channels 60 are in conductive thermal
communication with the electronic image assembly 50.

[0040] FIGURE 4 provides a perspective sectional view along the B-B section line
shown in Figure 1B. In this view, the path of the circulating gas 250 can also be
observed. The space between the front plate 10 and the electronic image assembly 50
may define a front channel 251, through which the circulating gas 250 may travel in
order to remove any accumulation of heat on the front surface of the electronic image
assembly 50. The circulating gas 250 is preferably then directed into the heat
exchanger 45 where heat may be transferred from the circulating gas 250 to the
ambient gas 200. Upon exiting the heat exchanger 45, the circulating gas 250 may be
re-directed into the front channel 251. In this way, the heat exchanger 45 and the front
channel 251 are placed in gaseous communication with each other.

[0041] The circulating gas 250 may also be directed over various electronic
components 7 so that heat may be transferred from the electronic components 7 to the
circulating gas 250. The electronic components 7 could be any one of the following but
not limited to: power modules, heat sinks, capacitors, motors, microprocessors, hard
drives, AC/DC converters, transformers, or printed circuit boards.

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

preferable to keep the circulating gas 250 from having particulate or contaminates
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because it travels in front of the electronic image assembly 50. Thus, to keep the
image quality from being impaired, it may be desirable to keep the circulating gas 250
clean and prevent it from mixing with the ambient gas 210.

[0043] FIGURE 5 provides a perspective sectional view of insert C shown in Figure 4.
As noted above, if practicing an embodiment which uses ambient gas 210 as well as
the circulating gas 250, the pathways of the two gases may need to cross over one
another and it may be desirable to prohibit them from mixing to prevent contamination
of sensitive portions of the display. Here, cross through plate 500 allows the pathways
of the two gases to cross over one another without letting them mix together. The cross
through plate 500 in this embodiment contains a series of voids which pass through the
plate. A first series of voids 550 passes through the cross through plate 500 and allows
ambient gas 210 to travel from the first manifold 30 into the channels 60 which run
behind the electronic image assembly 50. A second series of voids 525 pass through
the cross through plate 500 in a direction substantially perpendicular to that of the first
series of voids 550. The second series of voids 525 allows the circulating gas to exit
the front channel 251, cross over the ambient gas 210, and continue towards the heat
exchanger 45. In this embodiment, a circulating gas fan assembly 255 is used to draw
the circulating gas 250 through the front channel 251 and through the heat exchanger
45. Much like the other fan assemblies shown and described here, the circulating gas
fan assembly 255 could be placed anywhere within the display, including but not limited
to the entrance/exit of the heat exchanger 45 or the entrance/exit of the front channel
251.

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

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

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

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

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

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

[0048] In an alternative design for a heat exchanger, an open channel may be placed
in between a pair of corrugated, honeycomb, or tubular plates. The open channel may

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

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

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

[0051] FIGURE 8 provides a perspective sectional view of another embodiment which
uses a flow of circulating gas 350 through the backlight cavity of a liquid crystal display
(LCD) 300. In this embodiment, a LCD 300 and an associated backlight 320 are used
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as the electronic image assembly. A backlight wall 330 may enclose the area between
the LCD 300 and the backlight 320 in order to create a backlight cavity. Typically, the
backlight cavity is closed to prevent contaminates/particulate from entering the backlight
cavity and disrupting the optical/electrical functions of the backlight 320. However, as
discussed above the exemplary embodiments may use a clean gaseous matter for the
circulating gases which could now be used to ventilate the backlight cavity in order to
cool the backlight 320 and even the rear portion of the LCD 300. An opening 340 can
be placed in the backlight wall 330 to allow circulating gas 350 to flow through the
backlight cavity. A fan assembly 360 may be used to draw the circulating gas 350
through the backlight cavity. In an exemplary embodiment there would be an opening
on the opposing backlight wall (on the opposite side of the display as shown in this
figure) so that circulating gas 350 could easily flow through the backlight cavity. In this
way, the backlight cavity is placed in gaseous communication with the heat exchanger
45,

[0052] FIGURE 9 provides a perspective sectional view of an exemplary embodiment
which uses a flow of circulating gas 350 through the backlight cavity in addition to the
flow of circulating gas 250 through the front channel 251 (the area defined between the
LCD 300 and front plate 10). Circulating fan assembly 255 may be placed so that it can
draw circulating gas 350 through the backlight cavity as well as circulating gas 250
through the front channel 251. As discussed above, the circulating gases 250 and 350
are preferably forced through the heat exchanger 45 (not shown in this figure) so that
they may be cooled by the ambient gas 200 (also not shown in this figure). In this way,
both the front channel 251 and the backlight cavity are placed in gaseous
communication with the heat exchanger 45.

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

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

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

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

[0056] The circulating gases 250 and 350, ambient gas 200, and optional ambient
gas 210 can be any number of gaseous matters. In some embodiments, air may be
used as the gas for all. As well known by those of ordinary skill in the art, air typically
contains some amount of water vapor. It should be noted that the use of the term ‘gas’
herein does not designate pure gas and that it is specifically contemplated that any of
the gaseous matters described herein may contain some amount of impurities including
but not limited to water vapor. Preferably, because the circulating gases 250 and 350
may travel in front of the image assembly and backlight respectively, they should be
substantially clear, so that they will not affect the appearance of the image to a viewer.
The circulating gases 250 and 350 should also preferably be substantially free of
contaminates and/or particulate in order to prevent an adverse effect on the image
quality and/or damage to the internal electronic components. It may sometimes be
preferable to keep ambient gases 200 and 210 from having contaminates as well.

Filters may be used to help reduce the particulate within ambient gases 200 and 210.
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Filters could be placed near the inlet aperture 24 so that ambient gases 200 and/or 210
could be drawn through the filter. However, in an exemplary embodiment the display
may be designed so that contaminates could be present within the ambient gases 200
and 210 but this will not harm the display. In these embodiments, the heat exchanger
45, manifolds 30 and 35, channels 60, and any other pathway for ambient or circulating
gas should be properly sealed so that any contaminates in the ambient gas would not
enter sensitive portions of the display. Thus, in these exemplary embodiments,
ambient air may be ingested for the ambient gases 200 and 210, even if the ambient air
contains contaminates or particulate. This can be particularly beneficial when the
display is used in outdoor environments or indoor environments where contaminates
are present in the ambient air.

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

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

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

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

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

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

a fan positioned to force ambient gas through the channels.

3. The cooling system of claim 2 wherein:

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

4. The cooling system of claim 2 wherein:
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the first and second manifolds are placed along a pair of vertical edges of the
electronic image assembly.

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

8. The cooling system of claim 2 wherein:

the channels have a rectangular cross-section.

7. The cooling system of claim 2 wherein:

the channels are arranged in horizontal rows.

8. The cooling system of any one of claims 2-7 wherein:

the cooling channels are metallic.

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

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

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

gas to mix.

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

13. An electronic display assembly comprising:

a housing;

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

an inlet aperture in the housing for accepting ambient gas;

an exhaust aperture in the housing for exhausting ambient gas;

a plurality of channels placed behind the electronic image assembily;

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

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

a fan which forces the ambient gas through the channels.

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

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

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

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

assembly.

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

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

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

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

circulating gas travelling through the front channel.

19. The cooling system of claim 18 wherein:

the first and second gas pathways are substantially perpendicular.

20. An electronic display assembly comprising:

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

an electronic image assembly contained within the housing;

an inlet aperture in the housing for accepting ambient gas;

an exhaust aperture in the housing for exhausting ambient gas;

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

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

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

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

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

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

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

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

26. The cooling assembly of claim 25 wherein:

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

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

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

second gas pathway of the heat exchanger.

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

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

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

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

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

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

36. The cooling assembly of claim 29 wherein:

the heat exchanger is a cross-flow heat exchanger.

37. An electronic display assembly comprising:

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

an electronic image assembly within the housing;

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

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

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

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

second gas pathways.

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

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

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

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

layers.
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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

SEC et al. v. MRI
SEC Exhibit 1022.4653
IPR2023-00221



WO 2012/021573 PCT/US2011/047174

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

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

21

SEC et al. v. MRI
SEC Exhibit 1022.4666
IPR2023-00221



WO 2012/021573 PCT/US2011/047174

100

FIG — 1A 500

100

180

150

500

125

FIG-1B

1/5

10

150

SEC et al. v. MRI

SEC Exhibit 1022.4667

IPR2023-00221



WO 2012/021573 PCT/US2011/047174

200

10 l 105 210

FIG -2 225

2/5

SEC et al. v. MRI
SEC Exhibit 1022.4668
IPR2023-00221



PCT/US2011/047174

WO 2012/021573

100

10

350

100

3A

FIG

800

0

1

3

300

25

1

3B

FIG

3/5

SEC et al. v. MRI
SEC Exhibit 1022.4669

IPR2023-00221



WO 2012/021573 PCT/US2011/047174

FIG - 4

100 /

FIG—5A 63

125

620

4/5

SEC et al. v. MRI
SEC Exhibit 1022.4670
IPR2023-00221



WO 2012/021573 PCT/US2011/047174

710

775

5/5

SEC et al. v. MRI
SEC Exhibit 1022.4671
IPR2023-00221



Espacenet - Bibliographic data Page 1 of 2

Espacenst

Bibliographic data: RUZS13043 (C2) — 2014-04-20

SYSTEM OF HEAT CONTROL FOR ELECTRONIC DISPLAY

Inventor(s): DANN UILL JAM R [US]; KHABBARD TIMOTI [US]; BEDELL
UEHR [US] + (OAHH Yunneam P., ; XABBAPL TumoTn, ; BEOEJN
Yap)

Applicant(s): MEHN JUFEHKCHERING RESORSIZ INTERNEHSHNL INK [US]
+ (MSHBIOPIKYEPUHIT PECOPCU3 NMHTEPH3LWHI, NHK.)

Classification: - international:G03821/16; G12B15/02; HO5K7/20
- cooperative: GO2F1/133385; HO5K7/20163; HOSKT7/20963;
HO8K7/20972; GO2F2201/36
Application RU20110129607 20091218
number:

Priority number US20080138736P 20081218 ; US20090152879P 20090216 ;
(s): US20080252295P 20081016 ; WO2009US68770 20091218

Also published AU2009335644 (A1) CA2747724 (A1) CN102326224 (A)
as: EP2370987 (AZ) EP23700987 (A4) more

Abstract of RUZS13043 {C2}

FIELD: heating SUBSTANCE: invention relates 1o cooling systems, and, in particular,
to cooling systems for slectronic displavs. In a cooling unit for an slecirenic imags unit
and a display unit that comprises i, in some versions of realisation they use ambient
gas for cooling of power supply modules andfor the image unit (sometimeas back
ighting). In other versions they use a closed circult of ciroudating gas, which passes
along the front surface of the image unit and via a heat exchanger. The open circuil
passes via the heat exchanger and extracts heat from the circulating gas. Atmospheric
alr may be used as ambient gas. For cocling of the rear section of the imags unit or
back lighting with the help of ambient gas they may usg a non-obligatory additional
channel In some versions of realisation they also use hegt-conducting plates and ribs
o distribuie heat and to exclude hot points in the display EFFECT: improved working
characteristics of components of elecironic displays and thelr increased service life due
to pravention of high csciliations of temperature in use of slectronic displays in external
envirormmeants under conditions of direct sunlight or under other heavy thermal
conditions. 15 of, 13 dwg

https://worldwide.espacenet.com/publicationDetails/biblio? CC=RU&NR=2513043C2&KC... 9/6/2017

SEC et al. v. MRI
SEC Exhibit 1022.4672
IPR2023-00221



Espacenet - Bibliographic data Page 2 of 2

https://worldwide.espacenet.com/publicationDetails/biblio? CC=RU&NR=2513043C2&KC... 9/6/2017
SEC et al. v. MRI
SEC Exhibit 1022.4673
IPR2023-00221



POCCHIMICKA 1 ®EJIEPAIIMSA (19) (11) SpOAT SRR SRSy +(13)
RU & \\§ § ad i‘::*\&s‘s.\ cz
(51 MIIK
GI2B 15/02 (2006.01)
GO3B 21/16 (2006.01)

C 2

2513043

R U

HOSK

DPEAEPAJTILHAS CIIVIXKBA

TIO UHTEJJIEKTYAJNTBHOU COBCTREHHOCTH

720 (2006.01)

(12) OIIMCAHHWE U30BPETEHHM A K ITATEHTY

(21)(22) 3asBra: 2011129607/07, 18.12.2009

(24) Jara Hadana oTcyeTa CpoKa JICHCTBUS TATCHTA:
18.12.2009

ITpruopurer(sl):

(30) KonBeHIUOHHBIH IPHOPUTET:
18.12.2008 US 61/138,736;
16.02.2009 US 61/152,879;
16.10.2009 US 61/252,295

(43) Jara nyonukanpy 3assku: 27.01.2013 Bion. Ne 3
(45) Onyormukonaro: 20.04.2014 Brom. Ne 11

(56) Cnricok TOKYMEHTOB, DUTHPOBAHHBIX B OTYETE O
noucke: US 2006/0132699 Al, 11.06.2006. US
2006/0209266 Al, 21.09.2006. US 2007/0151664
Al, 05.07.2007. SU 815980 A, 10.04.1981. RU
2161876 C2, 10.01.2001

(85) Mara Havana paccMoTpenus 3asBku PCT Ha
HanuoHaldpHOIT dasze: 18.07.2011

(86) 3asska PCT:
US 2009/068770 (18.12.2009)

(87) llydonuxanus 3assru PCT:
WO 2010/080624 (15.07.2010)

Apnpec s IepenucKu:
129090, Mocksa, yi. B. Cnacckas, 25, crpoeHue 3,
000 "IOpunuueckas ¢pupma T'opogucckuit u
IMaptHEpH"

(72) ABTOop(BI):
JAHH Vumneswm P. (US),
XABBAP/] Tumotu (US),
BEJAEJLJI V3p (US)

(73) MaTtearoodnanaterb(H):
M3HBIO®OKYEPUHI PECOPCH3
WHTEPHOIIIHII, MHK. (US)

(54) CUCTEMA TEPMOPEIVJIMPOBAHU A AJIs1 DJIEKTPOHHOTI'O JUCIIIIEA

(57) Pedepart:

Hzobperenme OTITOCHTCST K cHUCcTEMaM
OXJAKACHHS W, B Y4CTHOCTH, K CHCTEMaM
OXJIAKACHHsT  JUIA  9AeKTPOHHBIX  JUCIUICEB.

TexHudecKM pe3yabTAT - yIydllleHde paboumx

XapaKTEPUCTHK  KOMIIOHCHTOB  3J€KTPOHHBIX
JIUCIITICEB U YBEJMUYCHHE UX CPOKa CITYXObI 38 CUeT
IpeIOTBPAITICHUS OOITBIIIAX Konebanmit

TEMIICPpATYPhI TIPpHU HCIIOJIB30OBAHMN 3JICKTPOHHBIX
JUCILIICCB B HAPYKHBIX CPC/IaX B YCIOBUAX IIPAMOTO
COJTHCYHOTO CBETA WK B JIPYTHX TAXKCIIbIX TCITIOBBIX
YCJIOBUSX. HOCTHF&GTCH TEM, YTO B OXJLKAAIOIMICM
Crp.: 1

OJIOKe JJIs1 9NeKTPOIIIOro OIoKa H300paskelHs H
OJIOKe AWCILIes, COACPKallleM e€ro, B HEeKOTOPHIX
BapHAHTAX OCYIIECTBICHHS HCHOIb3yeTcs TIas
OKPYXalonled cpeldbl AT OXTKICHUS MOoOylel
U TAHYS W/AIH OJTOKA N300 paskeHust (MHOTa 3aTHel
TOJCBETKH). B Apyrux BapuaHTax HCHOIb3YETCs
3aMKHYTBId KOHTYD LUPKyIHpyIOIIero rasa,
KOTOPBIA TPOXOJUT M0 TepeaHeH MOBEPXHOCTH
Onoka H300pakeHUs M Hepe3 TEINTOOOMEHHUK.
PazoMrHyTHIH KOHTYP IPOXOUT qepes
TENIOOOMEHHUK M M3BIEKaeT  TemjIo U3

EvociLece n

0]

SEC et al. v. MRI
SEC Exhibit 1022.4674
IPR2023-00221



C 2

2513043

R U

IMPKYJMPYIOIIEro  rasa. B kadectBe rasa
OKpYXaronies Cpeapl MOXKET HCHOIb30BATHCI
atMoc(hepHBIHI BO3AYX. I OXJIaXKACHUS 3a/HETO
YI4CTKA OI0KdA N300PaKCHUS WIH 3d/THEH TTOICBETKA
C TOMOINBIO Ta3a OKPYKAIOHICH CPEAbl MOKET
UCHOJIB30BATHCA HCOOA3ATCIAbHBINA OO IHHTC/THHBIN

KaHaJI. B HEKOTOPBIX BapHAHTaX OCYIIECTBICHUS
TAKIKE UCITOJIB3YIOTCS TEIIONPOBOIAIINE IIIIACTHHDI
1 pebpa I pacupeaesICHUs TeIld U UCKITFOYCHUs
COPAYIMX TOYEK B AWCITIEE. 3 HUIL ¢ 12 3.11. (p-7181, 13

600

N

230

—
221\ -

N 4
—]

201

sf,,// E/é \

our. 11

Ctp.: 2

EvociLece n

0]

SEC et al. v. MRI
SEC Exhibit 1022.4675
IPR2023-00221



C 2

2513043

R U

RUSSIAN FEDERATION

HOSK

FEDERAL SERVICE
FOR INTELLECTUAL PROPERTY

(12) ABSTRACT OF INVENTION

a9 A ey ava oy frasdd
RU & \\§ § ad 'Q:*\“\‘g‘\\\ cz
(51) Int. CL

GI2B  15/02 (2006.01)
GO3B 21/16 (2006.01)

720 (2006.01)

(21)(22) Application:  2011129607/07, 18.12.2009
(24) Effective date for property rights:

18.12.2009
Priority:

(30) Convention priority:
18.12.2008 US 61/138,736;
16.02.2009 US 61/152,879;
16.10.2009 US 61/252,295

(43) Application published: 27.01.2013 Bull. Ne 3
(45) Date of publication: 20.04.2014 Bull. Ne 11
(85) Commencement of national phase: 18.07.2011

(86) PCT application:
US 2009/068770 (18.12.2009)

(87) PCT publication:
‘WO 2010/080624 (15.07.2010)

Mail address:
129090, Moskva, ul. B. Spasskaja, 25, stroenie 3,
00O "Juridicheskaja firma Gorodisskiji Partnery”

(72) Inventor(s):
DANN Uill'jam R. (US),
KhABBARD Timoti (US),
BEDELL Uehr (US)

(73) Proprietor(s):
MEhN'JuFEhK ChERING RESORSIZ
INTERNERShNL, INK. (US)

EvociLece n

0]

(54) SYSTEM OF HEAT CONTROL FOR ELECTRONIC DISPLAY

(57) Abstract:

FIELD: heating.

SUBSTANCE: invention relates to cooling systems,
and, in particular, to cooling systems for electronic
displays. In a cooling unit for an electronic image unit
and a display unit that comprises it, in some versions
of realisation they use ambient gas for cooling of power
supply modules and/or the image unit (sometimes back
lighting). In other versions they use a closed circuit of
circulating gas, which passes along the front surface of
the image unit and via a heat exchanger. The open cir-
cuit passes via the heat exchanger and extracts heat
from the circulating gas. Atmospheric air may be used
as ambient gas. For cooling of the rear section of the
image unit or back lighting with the help of ambient
gas they may use a non-obligatory additional channel.
In somc versions of rcalisation they also usc heat-con-
ducting plates and ribs to distribute heat and to exclude
hot points in the display.

Ctp.: 3

EFFECT: improved working characteristics of
components of electronic displays and their increased
service life due to prevention of high oscillations of
temperature in use of electronic displays in external
environments under conditions of direct sunlight or
under other heavy thermal conditions.
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O0acTh TEXHUKH, K KOTOPOM OTHOCHUTCS U300peTeHMe

HpHMethIe BapHaHTbI OCyH_IeCTBHeHHH B O6].H€M OTHOCATCH K CUCTEMaM OXJTAXKICHHUS U
B HaCTHOCTH K CUCTCMAaM OXJIAXKIOCHHA AJIs 3JICKTPOHHDBIX AUCILICCB.

IMpeagmecTByomuit ypoBeHb TEXHUKHA

TIpoBoasImue u KOHBEKTUBHbBIEC TEILUIOOOMEHHBIE CHCTEMBI TS 3TICKTPOHHBIX JUCILICEB B
00ITIeM CTPEMSATCS OTBOOUTD TEIUIO OT 3JASKTPOHHBIX KOMIIOHEHTOB B AHCILJIEE Uepe3
MaKCUMAaJIbHO BO3MOKHOE KOJIMUECTBO OOKOBBIX CTEHOK Auctes. st Toro 4todbl 310
BBITIOJTHS T, CUCTEMbI TPEANISCTBYIOMIETO YPOBHS TEXHUKH TTONATAIHCH TIPEKIAE BCETO HA
BEHTHJISITOPBI T8 TIEPEMEISHHs] BHYTPEHHEr O BO3AyXa, HAXOASIIEroCs BHYTPH KOPITyca,
MHUMO KOMITOHEHTOB, MOMJISKAIINX OXJIAKICHUIO, U HAPYKY U3 AUCTLISsS. DTH KOMIIOHEHTBI
B 00IMeM IIpenCTaBIAIOT COOOM HCTOUHUKH 3JIEKTPONUTAHMS. B HEKOTOPBIX CITydasiX HarpeThIi
BO3IYX MEPEMEINAETCS B KOHBEKTUBHOM TEIINOBOM KOHTAKTE C OpedpeHueM.

XOTH TAKHC TeHJIOO61VIeHHBIe CHUCTCMBI B ITPOIIIIOM UMEJIN HGKOTOpBIf/I ycnex,
YCOBEPIIEHCTBOBAHHS JUCIUICCB U HOBBIX MPHMEHSHHN JUCILIEEB TPEOYIOT eltie OOIbITHX
BO3MOXKHOCTEN OXJIaAXOCHWA. B YAaCTHOCTHU, OXTTAXKOAIOIIHE yCTpOﬁCTBa O 3HCI(TPOHHBIX
JUCTIICEB MPEMIIISCTBYFOIIETO YPOBHS TEXHUKH OOBIYHO UCTIONB30B AN KOHBEKTUBHBIC CHCTEMBT
paccesiHUs TeIUIa, KOTOPbIe (G YHKIMOHHPOBAJIU TOIBKO J1s1 OXJIAXKASHUS 33 JHETO BHYTPEHHETO
ygacTka aucruies. I1pu HCTIoIb30BaHUAX BHE TOMEIIECHHH WU B APYTHX TEIUIBIX OKPYKAIOLIUX
cpeax OHHU HEMPHTOOHBI, OCOOEHHO KOTAa JIYUUCTas TETUIonepenaya OT COTHIA Yepes
MIEPEIHION NOBEPXHOCTD JUCIUICS CTAHOBUTCS OCHOBHBIM (haKTOpOoM. BO MHOTHX IIPHMEHEHUSIX
OOBIYHOM ABIAETCSA MOLIHOCTD, IOCTYNAIOIIAs Yepe3 IepeJHIO MTOBEPXHOCTh AUCILIES,
koTopasi cocraBisieT 200 Bt unu 6onbiie. Kpome TOTo, phIHOK TPedyeT /s AUCIIIEEB SKPAHOB
oonbumx pasmepos. C yBeaudeHreM pa3sMepOB KPAHA NIEKTPOHHOTO JUCTLIES U
COOTBETCTBYIOIINUX PA3MEPOB MEPEIHEN TTOBEPXHOCTH AUCILIEs OYAeT BRIpadaThIBATHCS
Oompire Teria U SobIne Teria OyaeT mepenaBaThes B AHCTUIEH. Kpome ToTo, KOTaa AUCTUISH
HCTIOJIB3YIOTCS B HAPYXKHBIX Cpeaax, aTMOCGEPHBIN BO3IYX MOKET COACPKATH 3arPA3HCHU
(IBUIB, TPS3b, MBUIBIY, BOASHON I1ap, YaCTHLBI H3HOCA PadOUYUX MOBEPXHOCTEN TOPMO3HBIX
MEXaHH3MOB, ITECOK, ABIM H T.11.), KOTOPBIE, €CITH 3aCACBIBAIOTCS B AUCILICSH TS OXITAXKISHUS
BHYTPEHHETO TPOCTPAHCTBA, MOTYT MOBPEXAATH BHYTPCHHNUS KOMIIOHSHTHI JUCTLISH.

CoBpeMeHHble JUCIUIeH (OCOOEHHO Te, KOTOPBIE UCTIOIb3YIOT BHE IIOMEIIEHUH) CTAHOBSITCS
BCe donee IPKUMU, C HEKOTOPBIMH 33 THHMH MOACBETKAMH, ITpousBogsimumMH 1,000-2,000 HuT
um 6oJibine. YToObl TPOU3BOAUTE TAKONW YPOBEHD IPKOCTH, YCTPOUCTBA OCBEIEHHUS, TAKUE
kak 0oxu CCFL (JIIOMMHECHEHTHBIX JIAMII C XOJ0IHBIM KaToaoM), LED (cBeTOM3IyYaomux
auonoB), oprauudeckux LED u rutazmenHble OJ0KH, MOTYT ITPOU3BOAUTE OTHOCUTEIBLHO
Oompmoe KOIUdecTBO Tetia. KpoMe ToTo, yeTpoicTBa OCBeImeHNs TPEOVIOT OTHOCUTEIIFHO
OOIBIIOTO KOIUIECTBA SHEPTHUH, UTOOBI TEHEPHPOBATH HEOOXOIUMBIA YPOBEHD IPKOCTH.
310 O0ABIIOS KOIUICCTBO IHSPTHH B OOIIEM ITOCTABIIACTCS ITIOCPEACTBOM OIHOTO HITH 0OJIeS
HCTOYHHKOB MEKTPOTUTAHUA [T AUCTUIS. DTH HCTOYHUKY 3IEKTPOIMMTAHUSA TAKKE MOTYT
CTATh CYIMIECTBEHHBIM UCTOTHUKOM TETLIA IS JTUCTIICS.

Bonbiioe konedanne TEMIIEPATYPHI SIBISCTCS OOBITHBIM ITPU UCIIOJIB30BAHUU YCTPOHCTB
MIPEALIECTBYIOIIETO YPOBHS TEXHUKH B HAPYKHBIX CPeAaX B YCIOBUSIX TPAMOI'O COTHEYHOTO
CBETA WM B APYTHUX TOKEIBIX TEIUIOBBIX YCIOBUAX. Takoe TeMnepaTypHOe KonedaHne
OKa3bIBACT HETATHUBHOE BIUSHHE U HA CPOK CIyXObI, U HA pabodue XapaKTEPUCTUKH
3JIEKTPOHHBIX KOMIIOHEHTOB B 3THX YCTPOMCTBAX.

CyImHOCTS MPHUMEPHBIX BAPHAHTOB OCYITIECTBIICHUA

B TO BpeMﬂ KdK CUCTCMBI npezlmeCTBonmer (6] ypOBHS{ TEXHUKU CTpeMI/U'[HCb OTBOOUTH
TEILIO TOJIBKO YePe3 CTOPOHBI, HE OCYIIECTBIISIIOINE OTOOPAKEHUs, U 32 JHUES KOMITOHEHTHI
3IEKTPOHHOTO JUCIIIES, TPEANOYTHTEIEHbIN BAPHAHT OCYIIICCTBISHHA MOYKET TAKOKE BHI3BIBATH
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KOHBEKTUBHYIO TEILIONEPeaady OT JIULIEBON MOBEPXHOCTH OJT0OKA H300pakeHus (OT CTOPOHBI,
KOTOpast 06palleHa Kk HAMEIESHHOMY HAOIIOAATEIO). DTH MPEATOUTHTEIbHBIE BAPHAHTHI
OCYIICCTBIICHHS MOTYT COACPKATH ABA OTAC/IIBHBIX IIYTH MOTOKOB IJIsi Ta3a YCPEC3 AICKTPOHHBII
mucrieit. [1TepBeIit My Th MOTOKA MOMXKET OBITh 3aMKHYTBIM KOHTYPOM, & BTOPOM IMTyTh MOTOKA
MOXET OBITh PA30OMKHYTBIM KOHTYPOM. [1yTh 3aMKHYTOTO KOHTYpa MPOXOIOUT Uepe3
TIEPEIHIOI MOBEPXHOCTH OJIOKA U300 PAKESHUS, TPOIOIKACTCS K 3aJHEH YaCTH JUCTUIES, TS
OH MOJKET BXOOUThH B TEILIOOOMEHHUK, U, HAKOHEI], BO3BPAINALTCS K IepeIHEN TTOBEPXHOCTH
Onoxa n3odpaxenus. [TyTs pa3OMKHYTOTO KOHTYpA BTATUBAET ra3 (HAImpuMep, aTMochepHbIH
BO3/1yX) 4epe3 3aQHIOI0 YaCTh JUCILIES (BO3MOKHO, UePe3 TEILTIOOOMEHHUK) U 34 TEM BhITTYCKAET
€ro u3 Kopiyca aucruiest. Termmoo0MeHHUK MOYKET UCIIOIb30BATHCS /ISl TOTO, YTOOBI
TMepeaBaTh TEILIO U3 3aMKHYTOI0 KOHTYPA B PA30MKHYThIM KOHTYP U BBIITYCKATh U3 JIUCTLIES.
Heobs3aTenbHO, PA3OMKHYTHIN KOHTYD TAKKe MOXKeT HATHETATHCS 1103304 OJI0Ka

w300 paskeHus (MHOTAA 3a,1HEH MTOACBETKH, B Apyrue MomeHTh Bpemenu OLED (oprannueckue
CBETOUBIYYAIOIIHE UOOBI) WIIH APYrOTO TUMa OJIOKH CO3daHus H300paskeHu) a1
OXITaKaCHU ST 6.]'[01(3, H306pa>1<eHm[ W/ 6n01<a 33):[Heﬁ IIOOCBCTKHU (GCHH 3a0Hs51 TIOACBETKA
HE0oOXOoauMa TSI OMPEASIICHHOTO THITA UCTIONB3YEMOTO AUCILISS). B TpUMEpHOM BaApUAHTE
OCYLIECTBIEHHS] MOKET HCIIOIB30BATHCS TEIUIOOOMEHHHK C MTePECEKAIOIINMHUCS
HanpaBJIEHUSIMU TTIOTOKOB.

Jlpyrue BapuaHTEI OCYIIECTBIICHUS OTHOCSITCS K CHCTEME, TPETHASHAYCHHOW TS
OXJTAXAEHUSI CAEAYIOIIMX YYACTKOB 3JIEKTPOHHOTO JUCILIES, MO0 OAHOTO, MO0 B COUCTAHUU:
(1) moxyns (Moayneit) nutanus, (2) 3aHel TIOACBETKH U (3) nepeaHel TOBEPXHOCTH AUCTLIES.
Moaynu nuTaHus ¢ 6JI0KaMU PaCCEUBAHUS TETUIA (HATIPUMED, OXJIAXKTATONTUMH THIACTUHAMHM
V/WITH TETUIOOTBOJAMM) MOXKHO UCITOTB30BATH C HEKOTOPHIMU BAPUAHTAMU OCYINECTRICHUS,
B KOTOPBIX CTOPOHA MOZYJIS ITUTAHMS, COASPKAIAs OJIOK PACCEUBAHUS TEILIA, PA3MEIIEHA
HA IIYTH ra3a OKPYKaIoIei Cpeasl, B TO BPEeMs KaK CTOpOHa MOAYJIS TUTAHUS, COASpIKaTast
HYBCTBUTCIIbHDBIC 3JICKTPHUYCCKUC KOMITIOHCHTDI, OCTACTCA B OTHGHBHOﬁ Opr}KaIOH_ICI;'I cpeae.
H?)OJlMp}/kOLLLaH KOHCTPYKHUHUA MOXKET 0660116‘11458.'1‘}) I'a30BYI0 U30JISIHUIO (14 HHOTO4a U30JIHUEO
OT TBEPABIX YACTHUIY3ATPIZHEHUI) MEAAY 3TUMHU ABYMSI CTOPOHAMM MOAYJIeH nutanus. [Ipu
OXJTAXKIACHWH MOAYJICH TIMTAHUS C TIOMOIIBIO PA30OMKHYTOTO KOHTYPA ra3a OKPYKaroIeH
Ccpenbl 3aMKHYTBIM KOHTYP MOXET UCTIOJIB30BATHCS WM HE UCTIOJIB30BATHCH.

3agHue TIOICBETKY C MEPESAHUMU U 33 JHAMH CTOPOHAMH MOTYT MCIIOIB30BATHCS C
HEKOTOPBIMU BAPHAHTAMH OCYIICCTBIICHUS A JKUAKOKpHUCTaITHmUeckux muctrieeB (KK,
LCD), B KOTOPBIX TIEPEIHSIS CTOPOHA COACPKUT YCTPOMUCTBA OCBEIICHMSI, a 3a/AHAsI CTOpPOHA
COZIEPKUT TEILTIONPOBOOMIIYIO ITOBEPXHOCTH A TOT'0, YTOOBI PACCEHBATH TEILIO OT YCTPOMCTB
OCBCIHICHMWA. B uoeajae Menc;[y TICPCITHUMHU U 3aJHUMHU CTOPOHAMH 33 IHUX MOACBETOK JOIXKECH
6BITI: HH3KHIL YPOBCHD TCILUIOBOTO COIIPOTUBIICHUS.

B APYTHUX BapHdaHTaXx OCYHICCTBJIICHUA MOAYJIH MTUTAHHA MOXKHO ITIOMCCTHTD B TCIUIOBOI
KOHTAKT CO MHOXECTBOM TETUTIONPOBOSIIHNX pedep, mpu 3TOM pebpa pa3MelieHbl Ha ITYTH
OXMaKOAKOINETO BO3AyXa (MHOTAA Ta3a OKPYXKAKIISH cpeapl). Teruro OT MOAy IS MATAHUS
pacIpenesisieTCs IO BCEM pedpaM U OTBOIUTCS OXITAXKIATOIINM BO3AyXOM. BpUTOo 00HAPYXKEHO,
YTO HATHETAHUE BO3AyXa B OTHOCUTENIBHO y3KHE KaHaIbL, OIpeaAcnseMbie peOpamMu, yIydIiaeT
BO3MOYKHOCTB OTBOANTH TEIUIO OT MOAYJIEH MUTAHUS.

B npyrom BapuaHTe OCYIIECTBIICHUS W MOIYJIM TUTAHWS, U 38 JHSS] TIOACBETKA AUCIUICS
(vu OIOK U300 paKEHHS) HAXOOATCA B TEIJIOBOM KOHTAKTE ¢ pedpamu. TakuMm oOpa3om,
€IMHCTBEHHBINA MyTh OXJIAXXKIAIOIIEr0 BO3AyXa (MHOTAA Ta3a OKPYKAIOMIeH Cpeibl) MOKET
UCTIOJIB30BATBHCS AJId OXJIAXKIACHUA ABYX U3 CAMBIX TCIIBIX KOMIIOHCHTOB TUITHUHOTO
snekTporuOoro auciuies, [locpeacrsom npumepa, a He OTPAHHUCHHS, B KAUECTBE YCTPOUCTB
ocseitenus 1 auctuiees YKK /] o6braH0 Henommb3yioTes Matpuis! i3 LED. Bruto o6HapyxkeHO,
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uTo onTHYeCKHe cBolicTBa AMoa0B LED (1 Apyrux yCTPONUCTB OCBELIEHUST) MOTYT U3MEHSITHCS
B 33aBHCHMOCTH OT TeMIepaTypsl. Takum odpasom, koraa LED noasepraercst BO3ASHCTBHIO
KOMHATHBIX TEMIIEPATYD, OH MOXET IPOU3BOAUTD CBET C ONPEACICHHON APKOCTBIO, AIMHOMN
BOJTHBI W/WIH IBETOBOM TeMmepaTtypoit. OqHako, Koraga ToT ke cambrit LED moasepraercs
BO3JCUCTBUIO BBICOKHUX TEMIIEPATYP, IPKOCTh, AJIMHA BOJIHBL, IIBETOBAS TEMIIEpATYpa U APYIUe
CBOUCTBA MOTYT U3MEHSATHCS. TakuM 00pa30M, KOTAa IPOUCXOIUT H3MEHEHUE TEMITSPATY PhI
BIOJIb 3agHel moacBeTku LED (HexkoTopbie 001aCTH HaXOOsTC TP DOosiee BBICOKOM
TeMIIEpaType, YeM APYTHUE), MOTYT BOZHUKATE ONTHYECKHE HECOTTTACOBAHHOCTH BAOJb 3aJHEH
MOACBETKH, KOTOPbIC MOTYT ObITh BUAMMBIMH 151 HAOI0AaTe sl Biaroaaps UCO/Ib30BaAHUIO
BAPUAHTOB OCYLLIECTBICHUS, MPEACTABACHHBIX B IaHHOM OMUCAHUY, TEILIO0OPA30BaHNE
MOYET PABHOMEPHO pACIPENeHsiTECA 0 pedpaM W OTBOAUTHCS U3 AUCILIES. ITO MOKET
MPEAOTBPAINATE OOpA30BaHUE MIOOBIX TOTEHNHUATBHBIX «TOPSIHUX TOUEK» B 3aHEN TOICBETKE,
KOTOPBIC MOTYT CTAHOBUTHCA BUAUMBIMHU [JIA Ha6mo;1aTeng H3-34 U3BMCHCHHA B OIITHYUYCCKHX
CBOHMCTBAaX yCTPOHCTB ocBenieHust (MHoraa auonos LED, Ho He Bceraa). B aApyrux BapuaHTax
OCYIIECTBIEHUs OM0K U300 paKeHHsT (CKOPee YeM 3aHsisl OACBETKA) HAXOAUTCS B TEILIOBOM
KOHTAKTE ¢ pedpamMu. BIoK U300 paXeHUT MOXKET COACPKATH IISKTPOHHBIN OJIOK TF000U
(hopMbl 451 TeHEpHUPOBaHHUS H300PaKeHN s, BKIIOUYas, HO He OorpaHnuuBasich 3tum: KK/,
ceeTousnyyaromuit anoa (LED), oprannyeckuit ceerousnyuatonmii nuoa (OLED), aucruieu
C aBTO3IEKTpOHHON 3Mmuccue (FED), ceeTousnyqarowmue nonumepst (LEP), mnasMeHHBIS
JUCIUICH U JTFOOBIE APYTHE IUCIUICH C TLTOCKUM/TOHKUM 3KPaHOM.

Pebpa moryT obecrieunBaTh H3OJIUPOBAHHYIO KAMEPY OT OCTAJNBHOM YaCTH AUCILISS TaK,
yTOOBI U OXJTaXAeHUs pebep MOXKHO OBITIO 3aCACHIBATH U UCMOIB30BATH ATMOCHEPHBIN
BO3IYX. 3'1'0 BbII'OHO OJIA CHTyaHHfI, B KOTOPBIX ,Z[I/ICH}'I@IZ MO AJICIKUT UCTIOIIB30BAHUIO B
HApYKHOU Cpele U 3acachIBAeMBI BO3OYX MOXET COAEPKATh 3arps3HeHus (MIbLIbLY, I'PSI3b,
TBUTH, BOAY, ABIM H T.1.), KOTOPBIE MOTYT MOBPSKIATh TyBCTBHTEIBHBIC JJIEKTPOHHbBIE
KOMIIOHCHTDBI JUCILICH.

ECJH/I 3d4H355 MOACBETKA UCITOJIB3YLTCA C KOHKPCTHDIM ITPUMCHCHHUCM JAUCIUICH, TO MOXKHO
VCTIOJIB30BATE 3aAHIOIO TTIOACBETKY C ITepPeAHeH U 3aAHEH CTOPOHAMU, MIPH 3TOM NepeaHSIS
CTOPOHA COACPIKUT YyCTPONUCTBA OCBELLEHHSI, a 3aJHSisl CTOPOHA COASPKUT TEILIONTPOBOALLYIO
TIOBEPXHOCTD AJIsI PACCEUBAHMS TEIUIA OT YCTPOMCTB OCBELIeHHU. B uaeasne Mexay nepeaHuMuU
M 33 THUMH CTOPOHAMH 3aTHUX TIOACBETOK JOJKEH ObITh HU3KHI YyPOBEHD TEILIIOBOTO
COTIPOTHUBIIEHUSL. [IpUMEpHBIH BapHAHT OCYIIEeCTBIeHUs coaeput PCB (reuatHyio nmnary)
C METAJLIMYECKUM CEPACYHUKOM, C auonamu LED Ha niepeaHelt CTOpOHE U MeTaJUTUYECKOH
TMMOBEPXHOCTBIO HA 3aJHEH CTOPOHE.

C TTOMOINBIO OTTHCAHHBIX HIDKE ACTICKTOB MTPUMECPHBIC BAPUAHTDBI OCyH_IeCTBIIeHHSI,
IPpCaOCTABJICHHBIC B JaHHOM OIMHCAHHH, COAC/IAIH BO3SMOXHbBIM ITOAXO OAIICC OXJIAKOCHUC OJ1
6OHI:H_H/LX QNIICKTPOHHBIX JUCTUICCB AdXKC B YCJIIOBHAX XKAapPKOT'o KiiMMarTa U pa3MCILICHUS B
YCHOBHSX MTPSIMOTO COTTHETHOT O CBeTa. BapUaHTBI OCYIIECTBIEHHS TAKXKE HE TPEOYIOT KakoH-
b0 GOPMBI KOHAHIMOHEPA (XOTHA, eCIIH TPedyeTCs, ero MOXKHO UCIIOIB30BATD), U 3TO
YMEHBIIAET IMOTPEOHOCTH B MPOCTPAHCTBE U 3JICKTPOIHESPTUH LI AUCTLIICS.

BrimensnosxeHHbIe U APYTHE TPU3HAKU U IIPEUMYILECTBA TPUMEPHBIX BAPHAHTOB
OCYIIECTBIEHHUsI OYAYT OUEBHIHBI U3 TIOCHEAYIONIETO 6oee TOAPOGHOTO OTTHCAHUS
OTPECICHHBIX BAPHAHTOB OCYIIECTBICHUS U300 PETEHUS, WJLTFOCT PUPYEMbIX HA TTPHUIAracMbiX
yepTexax.

KpaTkoe ommcanue yeptexei

Jlyuine MOHATh HPUMEPHBII BApUAHT OCYILIECTBIEHUI MOXKHO IIPU IPOYTESHUU
MOCEAYIOUIETO NOAPOOHOTrO OMUCAHUS U C TIOMOIIBIO IPUIATAEMBIX YePTEKel, Ha KOTOPBIX
WASHTHYIHBIE TIO3HIMOHHDIE O0O3HAYEHMS OTHOCSTCH K HASHTHYHBIM JaCTSAM U Ha KOTOPBIX:
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¢ur. 1 - nepcnekTUBHOE U300 paXKeHHe TUITUIHOTO MOAYJIS TUTAHUS;

¢ur. 2 - nepcreKTUBHOE H300paskeHue IBYX MOAYJISH MUTAHNS], YCTAHOBIIEHHBIX BHYTPH
H30JIMPYIOLIECH KOHCTPYKLMH;

¢dur. 3 - nepCrneKTUBHOE U300 PAKEHUE BAPHAHTA OCYIIECTBICHMS, B KOTOPOM
OXJTAYKIATOIITHI BO3AYX MOKET UCTIOIB30BATHCS [JIsl OXIAXKASHHS MOZAYIeH TUTAHUS U OJIOKa
3a0HEN MTOACBCTKH;

dur. 4 - NEpCEKTUBHOE U300 PAXKEHHNE BapUaHTA OCYILIECTBIECHUSA, KOTOPBIN MOA00eH
BapHAHTY OCYIIECTBIICHHUS, TTOKA3aHHOMY Ha (ur. 3, 3a UCKITIOUYEHHUEM TOTO, UTO TETIEPh
TEIIOOTBO/ HCIIOIB3YETCS C MOAYJISIMUA ITUTAHNS;

¢ur. 5 moka3pIBAST NEPCHEKTHBHOE H300PaXKEHUE BAPUAHTA OCYIIECTBIIEHHS, B KOTOPOM
MeX 1y OJIOKOM 3a7Hel TOACBETKH U H30IUPYIOLIeH KOHCTPYKIHEH 00pa30BaHO MHOMKECTBO
KAHAIIOB;

¢ur. 7 nokazbpiBaeT NEPCHEKTHBHOE H300PAKEHHE B pa3pese APYroro BapuaHTa
OCYIIECTBJIEHHUsI, KOTOPBIN UCITONIB3YeT TeIUIONPOBOASIIYIO INTACTHHY U TETUIONPOBOSIINE
pebpa:

¢ur. 8 TTOKA3BIBAET IEPCIEKTHBHOE H300paXKeHHe B PA3Pe3e APYIrOro BApHUAHTA
OCYIECTBIIEHUSI, B KOTOPOM pedpa HCIIOIB3YIOTCS UTSl PACIIpeAesICHUsI TETUIa OT 0JI0Ka 3aJHeH
MOACBETKH U €r0 OXJIAXKICHUS;

¢ur. 9 - mepcniekTHBHOE H30GPaKESHHE C3aI1 BAPUAHTA OCYIIECTBIICHHS, B KOTOPOM 3aTHSS
KPBILIKa AUCILISS YAAJIeHa;

dur. 10A - nepcnekTUBHOE N300paXKEeHHE B PA3PE3€ APYTOro BApHAHTA OCYIIECTBIICHUS,
TMOKA3BIBATOIIEE KAHAIBI 3aMKHYTOTO KOHTYPA U PA30MKHYTOTO KOHTYDA;

¢ur. 10B - mepcriekTUBHOE H300PaskeHUE B pa3pese, MOA00HOe H300PAKEHHIO, TOKA3AHHOMY
ua ¢ur. 10A, B KOTOpPOM 3aHsist 1 OOKOBBIC KPBIILIKU YIAIEHbI;

¢ur. 11 - mepcnekTHBHOE H300paKeHHEe B Pa3pe3e APYroro BApHAHTA OCYIIECTBICHHS,
ITOKA3BIBAIOIICE BITYyCKHBIC U BBIITYCKHBIC OTBEPCTHSI JUIsI Ta3a OKPYKAIOWIEH Cpeabl, KOTO DI
HUCHOJIb3YCTCst TOJIBKO B IIPpCAciiax '1‘611.110061\’161—1!—1141{3, 4 HC B 4OHOJIHUTCTIIbHbBIX HeOGH3a’1'eJlele
KaHanax; u

¢ur. 12 - mepCeKTUBHOE U300 PAKESHHUE B pa3pe3e MPUMEPHOTO BapHAaHTa OCYIIECTBIICHMUS,
B KOTOPOM HCIIOJIB3YeTCst TETUIOOOMEHHUK C TIEPECEKAIOIUMHUCS HANPABISHHSIMH TTOTOKOB,
9TOOBI Pa3aensiTh OMOKHM 3MEKTPOTIUTAHHU ST OOMBIION U MAJION MOIITHOCTH.

Hoxpo6Hoe omrcanue H306peTeHUA

Qur. 1 TOKA3BIBAET OAWH BAPUAHT OCYIIECTBIICHHS THIIMIHOTO MOAY IS 7 TMTAHUS, KOTOPBIH
MOYKET UCTIOIB30BATHCS C HEKOTOPBIMU U3 BADHAHTOB OCYIIECTBISHUS, OTIMCAHHBIX B JAHHOM
onucanuu. [TeuaTHasa niaata 6 MOXKET 6BITI) TPUKPCIIIICHA K MO}lyH}O 7 IUTAHUS ¥ MOYKET
COACPKATHD MHOXCCTBO JICKTPOHHBIX KOMIIOHCHTOB 5, KOTOPBIC MOTYT 6BITI> HGOGXO}JHNH}IMH
AJIA pa6OTbI U yOpaBJICHHUA MOAYIICM 7 nUTaHHS. 9TI/I NCKTPOHHBIC KOMIIOHCHTBI 5 MOTYT
BKJTIOUATH B Ce0sl PE3UCTOPbI, KOHASHCATOPDI, ONMEPALNOHHBIC YCHIUTENH, MOHTAKHBIE KLY ThI,
COSAMHUTENY U KATYIITKA HHAYKTUBHOCTH, HO HEe OTPAHUYUBASICH 3TUM. ba3oBas muraTa 8
MOXET OBIT IPUKPEIUTIEHA K MOAYJITIO 7 MUTAHMS H MOXKET ASHCTBOBATE KaK OJIOK PACCEUBAHUS
Terna st MOAYJA 7 TUTaHUS], TaK 9TO TEIUIO, KOTOPOe 00Pa3yeTcs MOAYIeEM 7 TUTAHUS,
mepenaercst K 6a30Boi marte 8. B HEKOTOPHIX BApHAHTAX OCYINECTBIICHUS] MOXKET OBITh
OOJIBIIIE UCTIONB3YEMBIX KOMIIOHEHTOB, HATPUMEP KOHTAKTHAS IUIOLIAOKA, PACIIOIOKEHHAA
MEXAy MOZYJIEM TTUTaHust U 6a30BoM twiatoit 8. KpoMe Toro, Kak JOTIOTHUTENBHO
obcyknaeTcs HIpKe, ¢ 6a30BO TIATOM 8 MOYKET HCTIOIB30BATHCS JIIOOOM THIT TEIJIOOTBOAA
vy cOopku pebep, uTOOBI JOTOTHUTEIBHO YIIYUINATE €€ TePMOAUHAMUYECKHE CBONCTBA.
Taxoke Mexay 6230801 WIATOU 8 ¥ OJIOKOM TEILIOOTBOAA MOTYT OBITh PA3MEIICHBI
KOHTAKTHBIE TUIOIIAIKH.
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dur. 2 moka3pIBAET ABA MOAY. ISl NUTAHUS, YCTAHOBIEHHbIE BHYTPH U30JIMpYIOLIeH
KOHCTPYKIMH Y, KOTOPAs 1O CYIUISCTBY MPEAOTBpallaeT Nepeaady ra3a v 3arpsa3HeHui MexXay
ABYMS CTOPpOHaMu MOAYJId IIHTAHHA. basosblie tThiaTel 8 Mo,z(yneﬁ IMIMTAHWUA IMOKA3aHbI HA
CTOPOHE U30JMPYIOLIEH KOHCTPYKIMU 9, Ha KOTOPOH OXJIaKAAIOIHHI BO3AYX 4 OKpyXKaloieit
cpenbl IpeaHa3HaAYeH TS MMPOX0XKIeHNs MOBEPX 0a30BbIX AT §. MOTYT UCMOIB30BATHCA
VIUTOTHUTEIIBHBIC TPOKIAAKY 11, 9TOOBI 00SCIIeunBaATh TrAa30HETIPOHNIIAEMOe (/1IN
HETTPOHULAEMOE /IS 3arPSI3HEHUH ) YIUIOTHEHHUE MEXAY MOAYJIAMHU IUTAHUA U U30JUPYIOILIEH
KOHCTpYKIHel 9. Oxnakaaromuil BO3ayX 4 MHOTAA BTATUBAESTCA U3 CPEIbI, OKPYKATOMIeH
UCTUIEH. DTa OKPYKAOLIAS CPeIa MOXKET COASPKATh BPSAHBIC 3T PA3HEHHUs], KOTOPBIC MOTYT
BBI3BIBATH MOBPEXKACHUS PAZIIUYHBIX MIEKTPHUSCKUX KOMIIOHEHTOB B IHCIIJIee. DTH BPEOHBIC
3arpsI3HEHUS BKIIOYAIOT B Ce0si: TIbLTh, IbIM, TIBLIBILY, BOASTHOM TIap, APYTHUE BPEOHBIE TBEPIbIC
YACTUIBI U APYTHE BPEIHBIE TA36I, HO HE OTPAHUYHUBASCH 3TUM. Takum 0b6pa3omM, OIHO U3
HA3HAYCSHHI U30IUPYIONISH KOHCTPYKIHUH 9 COCTOHT B TOM, YTOOBI IPEAOTBPAIIATE KOHTAKT
OXJTaXKAAFOLIEro BO3AYXa 4 OKpyKaroulel Cpeibl ¢ HEKOTOPBIMH H3 UyBCTBUTEABHBIX
SNCKTPOHHDBIX KOMITIOHCHTOB JUCTIICA, BKJIIOUAA, HO HC OTPAHNYHBANACH 3THUM, SIICKTPOHHBIC
KOMTIIOHEHTHI 5 (MOKa3aHHbIe Ha (ur. 1), KOTOpbIe TPeOYIOTCS T paOOTHI B YITPABICHUS
MOAYASAMHU NUTAHUs. barogapst yCTaHOBJICHUIO MOAYACH MUTAHUS BHYTPU U30JIUPYIOLICH
KOHCTPYKIMH 9 OXAaKAAIOIIUHA BO3AYX 4 OKPYKAIOUIEH Cpeabl MOKET BTSITUBATECS B KOPILYC
UCTUIES] M HATHETATHCA TOBEPX 0a30BbIX AT 8 (M HEQOSI3ATENBHO MO TEINIOOTBOAAM H
pebpam) AJIs OXJIAXKIACHUS MOAYJICH MUTaHHs. DTO MOKET ObITh BBITIOJIHEHO, HE TIOABEPTast
4YBCTBUTENBHbBIE 3JIEKTPOHHBIE KOMIIOHEHTBI BO3AEHCTBUIO TOTEHLHAJIBHO BPEAHOTO
OXJTAXKAAIOIIETO BO3AyXa 4 OKpyKAIOMmeH Cpeabl.

@Dur. 3 1 4 TOKa3BIBAIOT BAPUAHTHI OCYIIIECTBICHHUS, B KOTOPBIX OXJIAXIAIONINH BO3AyX 4
MOJKET UCTIOJIb30BATHCs ISl OXJIAKASHUSI MOy el nutanus U oioka 140 3agHell MOACBETKH.
DT BApHAHTHI OCYINECTBIIEHUsI TOKA3BIBAIOT OsToK 140 33 el TOACBETKH, KOTOPbIH COOEPIKHT
MHOXKECTBO ycTpoiicTB 141 ocseiienus (Hanpumep, LED), KoToOpble CMOHTUPOBaHbBI HA
neyatHol mare (PCB). B npuMepHOM BapuaHTE OCYLIECTBIIEHNUS MOXKET UCIIOJIb30BaATHCS
PCB ¢ METAITUYECKUM CEPACUYHUKOM HITH TI00asg APYyTrasi MOHTAXKHAS KOHCTPYKLHS, KOTOpas
MOYET UMETh OTHOCUTEIIBHO HU3KUN YPOBEHB TEILUIOBOTO CONMPOTHBIICHUS, YTOOBI TETIIO
MOTJIO TIEPeAaBaThCs OT YCTPOUCTB 141 ocBemeHus K 3aaHel mosBepxHocTH Oioka 140 3aaaeit
TMOACBETKH, OTKYJa OHO MOKET OTBOAUTHCS MOCPEACTBOM OXJIAXKAAIOErO BO3ayXxa 4.
Verpoitersamu 141 ocBemienust MmoryT 66116 LED, Tasoren, CCFL unu mrodoe apyroe
YCTPOMCTBO, KOTOPOE MPOU3BOAUT CBEeT. KpoMe Toro, OJiok 3aaHel 110ACBETKH, BO3MOXKHO,
Jake He SIBIISIETCS HEOOXOOUMBIM [JIS1 HEKOTOPBIX BAPUAHTOB OCYIIECTBACHUS, TAKHX KaK
TUIa3MeHHbIe gucrien, auctied Ha ocHose OLED, LEP unu FED. OoHaxo 3TH THITBL JUCTUIES
TAKXC U3BCCTHBI KaAK Bpra6aTbIBaIOH_IHe TCILJIO U B KOTOPBIX OXJIAXKOCHHC SaﬂHeﬁ MOACBCTKH,
OIIHCBIBACMOC B 3TOH 345BKEC, 3THU CHOCO6])1 TAKXKC MOT'YT 6I:ITB IIPpUMCHCHBI K OX/IAKICHUIO
3aJHHUX ITOBEPXHOCTEN ITHX INEKTPOHHBIX OJIOKOB H300pakeHusi. TakuM o6pa3om, Tam, e
TMOKA3aHBI OJIOKY 3aJHEH TOACBETKH, OHM MOTYT OBITh 3aMEHEHBI Ha MiasMeHHbe, OLED,
FED vy LEP 610K4 U300 paskeHHs. DIeKTPOHHBIE KOMIIOHEHTHI S MOTYT OBITh H30JIMPOBAHEBI
OT OXJAXAAIOUIETO BO3AYXa 4 C IOMOIIBIO HCTIONB30BAHNS U30IUPYIOIIEH KOHCTPYKLUH 9.

@ur. 4 TOKA3bIBAET BAPUAHT OCYIIECTBIEHHS, KOTOPBIHM O100eH BAPUAHTY OCYIIIECTBIICHHS,
MOKa3aHHOMY Ha (Ur. 3, 38 UCKITIOUEHHUEM TOTO, YTO TEILIOOTBOA 12 Temeph HAXOAUTCS B
TEMIOBOM KOHTAKTE C MOAYJISIMU TIUTAHUSI, YTOOBI TOTIOJTHHTENBHO 00neruars nepeaaday
TeI1a OT MOoayJiel mutauusl. KoHeuHOo, ClieayeT OTMETHTD, YTO JOCTYITHBI MHOKECTBO THIIOB
TCIUIOOTBOAOB, KOTOPBIC USTOTABINBAIOT U3 MHOXKECTBA PA3IUYHBIX MATCPUATOB U KOTOPEBIC
UMEIOT MHOT'O PA3IMYHbBIX TUNIOB KOoHGurypauuii. B uactHocruy, npeanoaaraercs, uto jiodas
dopmMa TemnooTBOIA MOXKET UCIIOIB30BATEHCS C PA3IHIHBIMA BAPHAHTAMH OCYIIECTBIICHIS
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U MO>KET HCITOIB30BATEHCS IS YAOBIETBOPEHUS PA3IMIHBIM YCIOBUSIM (DYHKIMOHHUPOBAHUS.
Dur. 5 TOKa3bIBAST APYTOH BAPHAHT OCYINECTBISHHS, B KOTOPOM Mexay OiokoMm 140
3aQHCH MOACBETKHU H H30JUPYIOLICH KOHCTPYKUHCH 9 00pa30BaHO MHOKECTBO KAHAIOB 15.

MOXHO UCTIONIB30BATH PA3ACTUTENH 16 KaHANOB, YTOOBI OTALIATH KaXK bl KaHat 15 u
o0ecrieunBaTh KOHCTPYKTHBHYIO JKECTKOCTh A1 BCEro 6noka. Pazaenurenu 16 kaHanos
MPEANOYTHTSIIFHO MOXKHO U3TOTABIIMBATE U3 TSIUIONPOBOAAIIETO MATEpHANIA TAK, ATOOBI
OHH TaK¥Ke MOTJIM OCYIIIECTBIISITh Nepeaauy Teria Mexay onokom 140 3aaHelf HOACBETKH U
H30JIUPYIOMEH KOHCTpYyKIuel 9. TermmonpoBoAsIunif pa3aenuTeNb 16 KAHATOB TAKKE MOKET
yAansaTh Terno 1ubdo oT Ooka 140 3aaHel NOACBETKH, TU00 OT U30IUPYIOLISH KOHCTPYKIUH
9 1 MOXKET PACCEUBATH TEILIO B BO3AYX, ITEPEMEIIAIOIIMIACS 10 KaHaiy 15. Takum o0pazom,
HEKOTOPBIE PA3ISIUTENH 16 KAHAIOB MOTYT COAEPKATH OpeOpeHHe WITH TEINIOOTBOIBL, YTOOBI
obmeruaTts TEMNoONepeaavy K BO3AYXY, MepeMelnalonieMycs o KaHany 15.

@dur. 6 nokaspIBacT B BHU3Y €AMHCTBEHHOTO KaHana 15, KOTOPBIH COASPKUT TEIUIOOTBOA
12 anst MOAysIst MUTAHUSA, YCTAHOBISHHOIO BHYTPH H30IUpYIoei KoHCTpykuuu 9. Hekotopslie
KaHabel 15 IVTOTyT coacpKaTh MO,Z[y.}'[I/I IIUTAHWS, a ,Z[pyrne MOl"yT X HC COOCPKATD. Z(HSI TOTO
4TOOBI BTATUBATD BO3AYX Yepes KAHAT 15 ai1d OXUIaKACHUS TeIUI00TBOAd 12 (eciau OH
HCTIOJIB3YETCST) U pazaenureiieil 16 KaHanos (€CIM OHU TEIUIOMPOBOASIIIME), TAK XKE KAK 3aHel
moacBeTkH 140 (umu 6noka LED asist CBETOAMOIHOTO JUCTLIES ), MOYKET UCIOIb30BAThCS
BeHTHISTOP 17 Kanana. Kaxaent kaHai 15 MOXET COAEPKATh OAUH UITH 5oJiee BEHTUISITOPOB
17 xanana. HekoTopbie KaHAIbI MOTYT BOOOIIE HE COAEPIKATh BEHTHIIATOP, 4 MOTYT
MOJAaraThCd UCKITIOUUTENBHO Ha ECTECTBEHHYIO KOHBEKLMIO, TIO3BOJISISI TEILTY YBEIUYHBATHCS
¥ BBIXOOUTH U3 KaHama. Kax OyaeT moapoOHO 00Cy K AaThCsl HIKE, BEHTUIIATOPBI MOTYT ObITh
pa3MenieHbl B OI0KE NUCIUIES TS YIOIHO U MOTYT UCIIOIB30BATRCS IS TOTO, 9TOOBI
BTATUBATH BO3AYX UCPE3 KaHAJBIL, IPOTAJIKUBATE BO3AYX UCPE3 KaHAJbBI WIK U O4J1st TOTO, U
IUTST APYTOTO.

B To BpeMs Kak AUCIUISH HAXOAUTCSI B IIPOHECCE padbOThI, BESHTWIATOPSHI 17 KaHAIa MOTYT
pa601‘a'1‘b HCIIPCPBIBHO. B Ka4deCTBC aJIbTCPHATHUBbI, B Ka}Kj_lblﬁ KaHaJ1 MOI'yT 6b1'1‘b ITOMCIHICHDI
TEPMOUYYBCTBUTENBHBIC YCTPOUCTBA (HE TOKA3aHbl) U HCIOB30BATHCS 11 H3MEPECHUS
TeMITePATYPHI BHY TPU KaHAJIA WITH JTFO0O0TO U3 KOMIIOHEHTOB KaHa 4 (O0Ka 3aJHel TIO/ICBETKH
WA JUCTIJIES], U30IUPYIOLIEH KOHCTPYKINU WIH pa3feauTeiei KaHanos). OCHOBBIBASICh Ha
JAHHBIX, TOAYYEHHBIX OT 3TUX TEPMOUYYBCTBUTEIBHBIX YCTPOHCTB, MOTYT OBITh BOBICYEHBI
MO BBIOOPY PA3IMYHBIE BEHTUISATOPbI B 3ABUCUMOCTH OT TOTO, [JIs KAKOTO KaHana TpedyeTcs
oxyaxaenue. TaxkuM o0pa30oM, BEHTWISTOPSHI 17, KOTOPbBIC BTATUBAIOT BO3AYX YePe3 KaHAJIbI
15, comepaxaiime MOIYIIH MUTAHUS, MOTYT paboTaTh dalile Wi Ha 5OJee BBICOKHX CKOPOCTAX
BpAIeHUs] U3-32 OONBIIErO KOJIMYECTBA TEIIA, TOCTYIAIONIEr0 OT MOAY el mutanus.. Kpome
TOTO, KAHAJIBI, KOTOPBIC COACPKAT MOAYJIN IUTAHUS, U OXVIAKIACHUA KdaHala MOTYT
COACPKATD 6O.TIe€ KPYHNHBIC BCHTUWIATOPbDI HJIH MHOMXKCCTBO BCHTHWIATOPOB.

Pwur. 7 TOKA3bIBAET APYTOH BAPHAHT OCYLIECTBICHHS, B KOTOPOM HCHOIB3yeTCs
TernonpoBoadainas mnactiuHa 10 u pedpa 18. B ogHOM BapHaHTe OCYIIECTBIICHHS 0a30Bas
wiata 8 MOAYJis MUTAHUS MOXET HAXOOUTHCA B TEMJIOBOM KOHTAKTE C TEIIOMPOBOASILLICH
mwiactuHoit 10. B apyrux BapuaHTax OCYILISCTBIIeHHA 0a30Bas IJIaTa 8§ MOXKET He
HCTIOIB30BATHCS U BMECTO 3TOT0 MOYJIb 7 MUTAHUSI MOXKET HAXOOUTHCS B IPSIMOM TETLIIOBOM
KOHTAKTE C TeIWIONpoBoasdiiel mmactunoit 10. M3-3a TertonpoBoasiieii NpupoaAbl ITACTHHBL
10 u pebGep 18 u TEIOBOTO KOHTAKTA MEXAY HUMH TEILIO, KOTOPOE MPOU3BOANTCS MOAYIIMH
TMUTAHWS, MOXET PACITPeaeasiThCA MO Beelt turactuHe 10 1 BceM pedOpam 18. B mpuMepHOM
BapHaHTe OCYILECTBJICHUS IIYyTh OXJIAXKAAIOIEro Bo3ayxa 20 (ra3a OKpy>xaroleif cpeabl)
HUCTIOJIB3YETCH JIsl OTBEIEHUS TeIIa, KOTOPOE HaKamuBaeTcs Ha ruiactuHe 10 u pedpax 18.
B kadecTBe aMBTEPHATHBEI, TAKKE MOYKET HCITOTB30BATHCS ITPOLECC €CTECTBEHHON KOHBEKIIHH,
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9T00BI TTIO3BOJISITE TEIUTY BRIXOAUTH U3 TIacTUHBI 10 u pebep 18.

Jist TOro 9TOOBI YCTAHABANBATE 3SKTPOHHbIE OJIOKH, Takue kak PCB, HakonuTenu Ha
KCCTKUX OUCKAX, TTAHCIHN CUHXPOHU3AIHNU U YIIPABJIICHHA, KATYIIKH HHIYKTHUBHOCTHU U JAXKC
MOZIYJIH TIUTAHHS, €CITN TPeOyeTC s, MOTYT HCIIOMB30BATHC MHOXECTBO MOHTAXHBIX KIEMM.
MOHTaXXHbBIS KIIEMMBI TAK>Ke MOTYT OBITh TEILIOMPOBOASAIIMMHU, 9TOOBI TEIIO, KOTOPOE
BBIpa0aTBIBACTCS ITUMU ICKTPOHHBIMU OJIOKAMH, TAKKE MOTTIO TIEPEeAaBaAThC K TUIACTHHE
10 1 pedpam 18 ¥ OTBOAUTHCA OXJIAXKAAIOITUM BO3ayXoM 20).

B nmpumMepHOM BapuaHTe OCyIecTBAeHUs TuiacTuHa 10 MoxxeT odecneunBaTh Oapbep miIs
ra3a ¥ 3arpsasHeHni MeXIy CTOPOHOM, coaepkaiiei pedpa 18 (u oxmaxknarommii B03ayx 20),
¥ CTOPOHOM, COIepKALLeif MOHTAXKHbBIC KJIEMMbI, MOIYJIH TUTAHUS U TI00bIE APYyTHE
anmekTpoHuble 6noku. Ecnu mnactuna 10 odecrieunBaeT COOTBETCTBYIONINE Oapbep,
aTMOC(epPHBIN BO3AYX MOKET 3aCACHIBATHCS B KAUECTBE OXJIAKAATONIETO BO3ayXa 20 U PUCK
IIPOHHUKHOBCHHUA Sarpﬂf%HeHHﬁ HAa CTOPOHY NIIaCTHHDBI 10, co;[epmamnﬁ UYBCTBUTCIBHbBIC
3JIEKTPOHHBIE KOMIIOHEHTBI, MOKET OBITE YMEHBIIICH WM UCKJTIOUeH. BiyckHOe OTBepCcTHEe
25 MOMXET UCTIONB30BATHCS [UIsI TOTO, YTOOBI MPUHUMATH OXJIAXKAAIOUHN BO3AyX 20 U
HATIPABJIATH €70 BAOIE pedep 18.

PeOpa 18, noka3aHHBIE B 3TOM BApPHAHTE OCYIIECTBIICHUs], UMEIOT MOJI0€ MPIMOYTOJIBHOE
CedeHue, HO 3TO He ABJISAETCSA HeOOXOOUMbBIM. Jlpyryue BapHaHThl OCYLIECTBACHUS MOTYT
cofepxaTth pedpa ¢ ABYTABPOBLIM NPODUIIEM, C CEUSHUSIMH B BUIIE MOJbIX KBAAPATOB, C
CEUEHHAMH B BU/E TEJA C IPSIMOYIOJbHBIMU I'PAHIMU WK TEJI4 C KBAAPATHBIMU I'PAaHIMU,
T-00pa3HbIMU CEUEHUAMU, Z-00PA3HBIMH CEUSHUSIMH, C CEYEHHEM TOPPUPOBAHHOTO THYTOTO
POQUIIS, HITU C COTOOOPA3HBIM CEUSHUEM, WJTH C JIIO0OM UX KOMOUHAIMEH UITH KOMITO3HIHEH.
HpeanouturensHo, 9TOOB pedpa 18 Obinu TEMIOTPOBOAMITUMU. B HEKOTOPBIX BAPHAHTAX
OCYLLECTBISHHUS JIsl U3TOTORIEHUS pedep 18 MOKeT UCTIOMB30BATHCS METAJLI.

Dur. 8 MOKa3pIBACT APYTOM BAPHAHT OCYIIECTBICHHs, B KOTOPOM pedpa 18 Hermome3y1oTes
[UTSI PACTIPEIC/ICHUs TeIUIA OT OJIOKA 3aJHEH TTOACBETKH U €ro OXIKACHNA. BIIOK 3aaHen
HNOACBCTKH B 3TOM BaApPHUAHTC OCYLICCTBIICHUS BKJIIOHACT B C€6§i MHOXECTBO yCTpOﬁCTB 32
OCBEILIEHHS], KOTOPBIE YCTAHOBJIEHBI HA TEIUIONPOBOAALIEH NTOI0XkKe 30. B mpumMepHOM
BapUaHTe OCYUIECTBIICHHS yCTpOoHcTBaMHu 32 ocBelieHHnst MOTyT ObITh LED, a
TEMAONPOBOAALIEH 1O T0XKKON 30 MoxeT ObiTh PCB u Oostee npeanoututensio PCB ¢
METAJLTHYECKUM CepAcUHUKOM. Ha MOBEPXHOCTH TEIUIONPOBOASALIEH MOTOKKH 30, KOTOpas
oOpatieHa k pedpam 18, MoxkeT OBITh TEILIOMPOBOAAIIAA TIOBEPXHOCTD 35. B mpumepHOM
BapUAHTE OCYHIECTBIICHHUSI TEILIOTPOBOASIIAS TOBEPXHOCTD 35 MOXKET ObITh METAILIHYECKON
v 6oJiee NPeanoOYTUTETHFHO ATIOMUHHEBON. SIBASIETCS IPEANOUYTUTETbHBIM, YTOOBI pebpa 18
HAXOIWIHCH B TETJIOBOM KOHTAKTE C 33 HeH MOBEPXHOCTHIO 35 1 UTOOBI 3aHSIsl TOBEPXHOCTH
35 HAXOAWIACH B TEIUIOBOM KOHTAKTE C TEILIONpoBoasieit nogproxkkoit 30. Onnako B
HEKOTOPBIX BAPHAHTAX OCYILECCTBIICHUS TEIIONPOBOAAIIAs TOLT0XKKA 30 MOKET COACPKATD
TpaauHOHHBIE MaTepualibl PCB, a He PCB ¢ METAIMIECKUM CEPACIHUKOM HITH JTIO0BIe
MaTEPHAIIbI C BBICOKOM TEIUIONPOBOAHOCTHIO. Hanbomnee npeaAnodTUTETbHBIM SIBIISIETCS,
9TOOBI MEXKAY YCTPONCTBAMH 32 OCBeIlieHHs U peOpamu 18 ObUT HU3KHI YPOBEHD TEILIOBOTO
conpoTusiieHHs. Oxnaxaaomuit Bo3ayx 20 CHOBa MOYKET HATHETATHCS BAOJBb pedep 18,
9TOOBI OTBOAWTH TEILIO OT OJIOKa 3aaHel moacBeTkd. KoHeuHO, 3TO TaKKe MOXKET
MPOUCXOINTH Y€PE3 ECTECTBEHHYIO KOHBEKIHIO, HO OoJiee 3P ek THBHOE OXITaX AeHHE OOBIUHO
HaOJIIOAETCsl IPY UCTIOJIb30BAHUM HATHETAEMOM KOHBEKIMH. biiok u300pakenus (Takow,
kak aucmiett OLED, B KOTOpOM 3aaHssI TOJACBETKA MOYKET HE HCHOJIb30BATHCS ) TAKKE MOKET
WCTIOJIB30BATHCA BMECTO OJIOKA 33 HEN MOACBETKY I OXJIAXKASHUS OJIOKA U300paskeHus..

Kaxk 6pu10 OTMEUEHO BBIIIE, MHOTHE YCTPONCTEBA OcBelueHus (ocodernno quoasi LED u
OLED) MOTYT UMeTb 3KCIUTYATAHOHHBIE XapaAKTEPHCTHKH, KOTOPEIE H3MCHAIOTCA B
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3aBHCHMOCTH OT TeMITepaTypbl. Korma «ropsue TOUKH» TPHUCYTCTBYIOT BHYTPU OJI0KA 3aJHeH
MOACBCTKH WIIH OCBCUICHHS, OTH TOPAYNC TOUKHN MOTYT NIPUBOOUTD K HCOOHOPOAHOCTAM B
NONYyYaromcMes I/I306paPKCHI/H/I, KOTOPBIC MOT'YT 6bITb BUOWUMDbIMU OJId KOHCUYHOI' O
nonp3oBaTens. Takum o6pa3oM, ¢ BapHAHTAMH OCYIIECTBIICHH, OMTUCAHHBIMA B JAHHOM
OTIHCAHUH, TETJIO, KOTOPOE MOXKET BhIpadaThIBATHCA OJIOKOM 3aJHEH TTOACBETKH, MOXKET
pacnpenensiThCs MO PA3IMIHEIM PeOpaM U 110 BCEM TETIOTPOBOISIIINM ITOBEPXHOCTSIM, UTOOBI
YCTPaHATh TOPAYUNE TOUKH U OXJIAXKIATH 3aAHIOIO MTOJICBETKY.

B mpumepHOM BapHaHTe OCYIIeCTBIeHHS pedpa 18 MOTYT HCITOTB30BATHCS 4TSl OXJTAKASHHS
v OJTOKA 3aHE OICBETKH, U MOAYJIeH MUTaHusI. B JOMOMHUTETBHOM TPUMEPHOM BapUAHTE
oCylIecTBIeHUs pebpa 18 Takike MOTYT UCIOIBb30BATHCS ISt OXJIAKACHHUS JTIOOBIX
JOTIOTHUTEIBHBIX JIEKTPOHHBIX OJIOKOB TOCPEACTBOM UX PA3MEIIEHHS B TETUIOBOM KOHTAKTE
¢ TermmronpoBoaseit rractuHoM 10. Takum ob6paszom, ¢ pedpamvu 18 B meHTPATIBHOM
PACIIOIOKEHNH, <IICPSTHSISI CTOPOHA» MOJKET OBITh HAMPABICHA K HAMEUEHHOMY HAOIIONATETIO
JHCTUIES, B TO BPEMsl KaK «3aHsI CTOPOHA» OYIET HA MPOTUBOIIOJIOKHON CTOPOHE OT
HaMe4deHHOTO HaOnoaarens. [Toatomy nepenHss cropoHa pedep 18 MoxeT OBITh B TEIITOBOM
KOHTAKTE ¢ OJIOKOM 3aJHEH TTOICBETKY (MITH APYTHUM OJTOKOM OCBEINEHUS WITH OJIOKOM CO3TAHUS
U300PpaXKeHUI), a 3aaHsIsI CTOPOHA pedep OyAET B TEIUIOBOM KOHTAKTE C 3aAHEH TTACTHHOMN
(TO ecTh ¢ TeronpoBoAsLiel nmacTuHo# 10). Toraa amst OXyaXAeHusi BHyTPEHHETO
TIPOCTPAHCTBA QUCTUISST MOYKET UCIIOTB30BATHCSA SAMHCTBEHHBIN Ty Th OXJTAXKIATOINETO BO3AyXa,
B TO BpeMsl KaK PAa3MUUHBIC TOPSUYKE TOUYKYA MOTYT PACIPEAesiTh TEILIO O BCeM pedpaM u
APYTAM TETUIOMPOBOASIIMM TIOBEPXHOCTSIM, IT0ObI obecnieunBaTh HaudoJiee 3 hekTHBHOE
OXITAXKIEHUE, DTO MOXKET OBITh BBIMOTHEHO O€3 HEOOXOAUMOCTH TIOABEPTATh UYBCTBUTEIBHBIE
IEKTPUHUCCKHUEC KOMIIOHCHTDHI BOS,E[efICTBHIO Saf‘pﬂSHeHI/Iﬁ u/mnu TBEPAbIX HACTHUIl ra3a
OKpy2KalolleH cpeapl.

Qur. 9 moka3pIBaeT 3aJHUI YyIaACTOK IIPHMEPHOTIO 31eKTpoHHOT 0 aucries 100, B koTopom
3a0HAA KPbIIKA IJId KOPITyCca OUCILICA yAdJICHA, ‘—ITOGI:I TIOKa3aTbh BHYTPCHHHUC KOMITOHCHTDI.
B 3tom BapuanTe ocywecTBieHus 0J10ku 102 u 103 BEHTUISITOPOB ISl 3aMKHYTOI'O KOHTYpPa
LUPKYIHPYIOUIETO Ta3a MOTYT ObITh Pa3MeEINEHbl BAOIb ABYX ITPOTHUBOIIOIOXHBIX KPAeB
TermnoodmeHHuKa 101. IIpeanouturenbHO 010K 102 BEHTUISITOPA SIBASIETCS BXOAOM 1A
TeIOOOMEHHHKA, a O/oK 103 BEHTHIIATOPA SIBJISIETCS BEIXOAOM AJis Teriooomennuka 101.
OnHako, HeoOs13aTENBHO, 3TH OJIOKH MOTYT OBITH MHBEPTHPOBAHBI TAKHM 00pa30M, 4TOOBI
6510k 103 BeHTHIIATOPA ABISLICS BXOAOM, @ 010K 102 BeHTUATOPA ABASICS BbIxoAoM. Kpome
TOro, o6a oaoka 102 u 103 He aBIsIOTCS HEOOXOAMMBIMU. HEeKOTOpBIE BAPHAHTHI
OCYIIECTBIIEHUsI MOTYT UCIIOJIBb30BATH TOJBKO OJHH OIOK BEHTUAATOPA A 3aMKHYTOTO
KOHTYPa HUPKYIUPYIOUEro ra3a. ECnu uCmonb3yeTest TOMbKO OOUH OJIOK BEHTWISTOPA,
MMPEATOUTHTEBHO PA3MEIIATH 9TOT OJIOK BEHTHIIATOPA HA BXO€ TeruroodMennuka 101,
9T00BI HUPKYJIHPYIOIIHI ra3 «BBITATHBAJICI» YCPE3 IMICPEIHIOI0 CTOPOHY OJIOKA H300PaKCHUS
¥ IIPOTAIKUBAJICS Yepes TerurooomMeHuuk 101. OmHako 3TO HE SIBASAETCS HEOOXOIUMBbIM; B
IPYyTUX BapUAHTAX OCYUISCTBIICHUS N30JIUPOBAHHBIN Ta3 MOXKET BEITATUBATHCH Uepe3
TemtooOMeHHUK 101, B Apyrux BapuaHTax OCYLIECTBICHUS U3OJIUPOBAHHBIN I'a3 MOXET
MIPOTAIKUBATHCS YEPE3 MIEPEAHIOIO CTOPOHY Omoka uzodpaxenust. bioku 104 u 105
BEHTHJTSITOPOB TSI PA3OMKHYTOT'O KOHTYPa raza OKpysKaroieit Cpeabl MOTYT ObITh pa3MelleHbl
BAOJIb JIBYX ITPOTHBOIIOIOXKHBIX KpaeB kopnyca auciuies. CHosa ob6a Omoka 104 u 105 He
SIBJITFOTCS HEOOXOUMBIMH, TOCKOJIBKY B HEKOTOPBIX BAPHUAHTAX OCYIIECTBICHUS MOXET
HUCIOJTB30BATHECA TOITBKO OOWH OJIOK, U OMOKH BEHTHIATOPOB PA30MKHYTOTO KOHTYpPA MOTYT
UCTIOJIB30BATHE B KOHCTPYKIOHU IIPOTAIKHWBAHUA UJIH BTATUBAHHA. HOSTON{y, Korga gemaacTes
CChbUIKA Ha PasMCILCHUEC PAa3JIMYHBIX GHOKOB BCHTWIATOPOB, TCPMHUHbBI «IIPOTAJIKHUBATBH»,
«BBITSTHBATH», «BCACLIBATE» U «HATHETATH» MOTYT HCIIOJIB30BATHCA B3AHMO3AMEHIEMbBIM
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o0pazoM u 0dast OPUESHTAIUSA MOKET UCTIOIB30BATHCS C PA3THIHBIMU BAPHAHTAMH
OCYLICCTBJIICHUA, MPCACTABIICHHBIMU B JdAHHOM OTIMCAHUM.

Hupkyupyroinuii ra3, KOTOPBIM HATHETACTCS ¢ NOMOIIBIO OJI0KOB BCHTHISITOPOB
3aMKHYTOTO KOHTYpa, IPEeXKAe BCEro UUPKYJIUPYET BOKPYT aucmies. Hanpumep,
UUPKYAUPYIOMH Ta3 MepEMeInaeTCs B KOHTYPE, B KOTOPOM OH KOHTAKTHPYET C nepeaHeit
TIOBEPXHOCTRIO O5T0Ka u3o0paxkeHus (cM. ¢ur. 10A-10B), u mepenaeT TemwIo OT OJIoKa
U300paXKeHUd K HUPKYJIUPYIOIIEMY Tra3y. 3aTeM HUPKYJIUPYIOLIHI ra3 NpearoYTATENbHO
HATIPABISETCS (MM BBITATHBACTCS, WIH HATHETASTCS H T.71.) B TeMIMOOOMeHHUK 101, 9T00BI
nepeaaBaTh TEIUIO OT LUPKYIUPYIOLIEro ra3a K ra3y oKpyskaiolei cpeasl. BrocneacTsuy,
LUPKYJIUPYIOLINI ra3 BhIXOIUT U3 TeIIooOMeHHUKA 101 U MOXKET BO3BPAIIATHCS K TTepeaHel
MMOBEPXHOCTHU OJIOKa n30OpaxkeHust. L{IUPpKYTUPYIOUIHI ra3 TAKKE MOXKET TPOXOAUTH TOBEPX
HEKOTOPBIX 3MEKTPOHHEBIX KOMIIOHEHTOB 110, 4T0OBI yAaIATh TEIUIO TAKKE U3 3THX YCTPOUCTB.
DneKTpOHHbBIE KOMIIOHEHTHI 110 MOTyT OBITH JI00BIMH KOMIIOHEHTAMH HIIH OJIOKaAMH,
HUCTIOJIb3YEMBIMH JIsSI MAHHUITYJIMPOBAHHSA OUCIUIEEM, BKIIIOYAsA, HO HE OTPAaHUYIHBASICh 3THM:
TpaHCHOPMATOPBHI, IEUATHBIE ILTATHI, PE3UCTOPBI, KOHACHCATOPBI, aTapeH, MOAYJIH TUTAHMS,
JBUTATENH, KATYIIKH HHAYKTUBHOCTH, yCTPOUCTBA OCBELICHUS1, MEXKCOCAUHEHUS] U MOHTAXKHBIE
JKTYTbl, HCTOUHHUKU CBETA, TEPMONIEKTPUUECKUE YCTPOHCTBA U EPEKIIOUATENN. B HEKOTOPBIX
BApUAHTAX OCYUIECTBIEHHUSI MEKTPUUECKHE KOMITOHEHTHI 1 10) TaK)Ke MOTYT BKJIIOUATH B Ce0st
HATPEBATENH, KOTIa OJIOK IUCTIIES MOKET UCTIONB30BATECS B OKPYKAIONINX CPEAaX XOJIOIHOTO
KJIIMMaTa.

YTo0b1 OXJIAXAATH HHPKYIMPYIOWIHI ra3 (8 Takke, HeoOsI3aTeNnbHO, OXIAXKIATH OJIOKH
3aAHEN TTOACBETKY WIHM OJIOKU U300 paKeHusl, KAK MPEICTABIIEHO BBIIIE), Fa3 OKPYKATOIIEH
Cpenbl 3aCaChIBASTCS B KOPIyC mucies 0okoM 104 u/unu 105 BeHTUIISTOPpA PA3OMKHYTOTO
KOHTypa. ['a3 okpyxaroieii cpeabl MOXKET OBITh MPOCTO ATMOCHEPHBIM BO3AYXOM, KOTOPSBIH
okpykaet aucrreit 100. B HeKOTOPBIX BapHaHTAX OCYILECTBIICHHS I'a3 OKPYKAIOWIEH Cpeabl
MOKET GbITb KOHAWUIHOHHPOBAH A0 BCACbIBAHHs B HHCHHCﬁ C IOMOIIBIO OJHOTO UIIH 60.]166
OJIOKOB KOHAWIMOHUPOBAHUS BO3AyXa (He noka3aHbl). Kak TONBKO ras OKpyXaromen cpeabl
3aCachIBAETCS B AUCILIEH, OH MOYKET OBITh HAMMPABIIEH (FTH HATHETEH ) B TEIUIOOOMeHHHK 101
¥, HEOOA3ATSIFHO, TAKKES USPE3 3aTHIOKO ITOBEPXHOCTD OJIOKA 3aJHEH TOACBETKY WITH OJI0KA
uzo0paxenus (cMm. dur. 10A-10B), wiu gaxke pedpa/KaHaIbl, KAK IOKA3aHO BIIIE, HIH Yepe3
MOZYJIM TIUTaHUs, KaK TTOKa3aHo BallIe. [1pu ucnonb3oBanuu termioodmennuka 101, Terio
TMIEPEaeTCT OT MUPKYIUPYIONIETO Tasa K Ta3y OKPYKAFOIIeH Cpeapl. 3aTeM HATPEThIN Ta3
OKPY’Kalollel Cpeapl yAansieTCsl U3 KOPILyca AUCILIES..

XOTs 370 He SIBIISIETCSI HEOOXOAUMBIM, TPEATTOUTHTENBHO, YTOOBI IMPKYJIUPYIOINI ra30BbIi
uras oxpymalomeﬁ Cpeabl HC CMCIIMBATUCD. B TPEANOYTATEIbHOM BAPHAHTE OCYIIICCTBIICHUA
Termtoo0MerHuK 101 MOKeT OBITh TEMIOOOMEHHUKOM C MEPECEKAIOIINMUCS HATIPABICHUAMN
MMOTOKOB. O;:[HELKO H3BCCTHbI MHQOXKCCTBO THUIIOB TEHJIOOGI\'IGHHI/IKOB, W OHH MOTYT
HCTIOJTb30BATHCS C JIIOOBIM U3 BAPHMAHTOB OCYIHECTBICHHUS, TPEACTABISHHbBIX B JAHHOM
onucanvy. TermroodMeHHUK 101 MOXET OBITh TEMTOOOMEHHUKOM ¢ MEPECEKAFOIIIMMHUCS
HAMPAaBJICHUSAMHU MOTOKOB, C NAPAJUIEIbHBIMU NOTOKAMHU WIH C NEPEKPECTHBIMU IOTOKAMH
(«Tpybka BHYTpH TPpYOKM» WM UHAUYe). B mpuMepHOM BapraHTe OCYIIECTBICHUS
Terw1o0O0MeHHUK 101 MOKeT OBITh C TEPECEKAIOIIUMUCS HATIPABISHUAMH MIOTOKOB, U OH
MOXKET COCTOSITh U3 MHOYKECTBA PACHOJIOKEHHBIN APYT HaA APYTOM CII0EB TOHKUX TUTACTHH.
InacTuHbI MOTYT UMETH TOPPUPOBAHHYIO UIIH COTOOOPA3HYIO KOHCTPYKIIMIO, B KOTOPOI
MHOKECTBO MPOXOA0B UAH KAHAJIOB MTPOXOISIT BHU3 MO IUIACTUHE B IPOJAOIBHOM HATIPABICHUH.
IlnacTuHBI MOTYT OBITE CJIOKEHBI TAK, YTO HANIPABJICHUS IPOXOJ0B UEPEAYIOTCS C KAXA0OH
CMEXXHOM TUIACTHHOM, TAK UTO NPOXOABI KAXKAOH IUTACTHHBI SIBIISIIOTCS IO CYLIECTBY
MEePIEHANKYAAPHBIMH TPOXOAaM CMEXKHBIX TIACTHH. TakuM o0pa3zomM, ra3 MOKEeT BXOJIHUTD
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B TEMJIOOOMEHHHK TOJIBKO Hepes3 IMIIAaCTHHBI, ITPOX0O A6l WIH KAaHAJIBI KOTOPBIX NTPOXOadaT
MapajicIbHO YTH TPOXOXKACHUA Ira3a. HOCKOJ’H)Ky TUIACTHHDBI UCPCOAYIOTCS, TA3bI 3AMKHYTOTO
KOHTYpa ¥ Opr)KaIOLL{efI CpCAbl MOTYT IICPCMCIIATHECA B IUIACTHHAX, KOTOPDIC ABJIAIOTCA
CMEXHBIMH APYT C APYTOM, U TCTIJIIO MOXKET NICPEAABATHCA MCIKAY 3TUMH ABYMsI TazaMiu oe3
CMEIIMBAHUS CAMUX TA30B (€CTU TEMIOOOMEHHUK COOTBETCTBYIOIIHMM 00pa3oM
TCPMCTUBUPOBAH, UTO ABJIACTCH MPCATIOYUYTHUTCIABHBIM, HO HE OGXS&T@HBHBIM).

B anpTepHATUBHOU KOHCTPYKIMH B TPOMEXYTKE MEXAY ITapaMH CHaOKEHHBIX KaHAJIaMH
HMJTH COTOOOPA3HBIX INTACTHH MOXET OBITh pa3MeIeH OTKPBITHIN 3a30p. OTKPBITHIN 3a30D
MOKET IPOXOONTE B HAIIPABJICHUH, KOTOPOC NICPIICHONKYIAPHO KaHAJIaM ILJIACTHH. OToT
OTKprTbIﬁ 3a30PD MOXET 6bITb CO344dH C IIOMOIIBIO ABYX NOJIOC MATCpHAIA MJIH JICHTHI
(0COBEHHO JIEHTHI KIIEEBOTO COSIMHEHHS C OYeHb BBICOKOH TPOYHOCTHIO (VHB)) Mexay nByms
TPOTHUBOTIIONIOXHBIMU KpassMH TUIACTUH B HAITPABJIICHUN, KOTOPOC NICPIICHOAVKYIIAPHO
HAIIPpaBJICHHIO KAHAJIOB B CMCIKHbBIX IINIACTHHAX. Taxum o6pagoM, ra3 MOXCT IPOXOOUTh
uepes3 OTKPBITHIA 3a30p (MapaUIeIBHBIH T010CaM HIIN JIEHTE), HO HE MOXET IIPOXOAUTE Uepes
OTKPBITBIH 330D B HANPABIEHNUH, KOTOPOE MEPTICHANKYJIAPHO MOJOCAM WITH JICHTE
(M4 PANIETbHO KAHATIAM CMEXHBIX TUTACTHH).

I[pyFI/IC TUIIBI TEIIOOOMEHHHUKOB C NEPCCCKAIOIINMHUCA HAIIPABJICHHUAMHA IIOTOKOB MOTYT
BKITIOUATH B C€0st MHOKECTBO TPYOOK, KOTOPBIE COAEPXKAT MEPBbIH ra3 U MPOXOAST
TMEPIIEHAUKYJISPHO MyTH MPOXOXKASHUS BTOPOTO Taza. Koraa BTOopoii ra3 mpoTeKaeT moBepX
TPyOOK, CoAep KalUX NEePBbIi ra3, MEXKAY 3THMH ABYMS Ta3aMU MPOUCXOOUT TEILIOOOMEH.
OueBHAHO, YTO CYIIECTBYET MHOTO THIOB TETNIOOOMEHHUKOB C MEPECEKATOIITHMHCS
HAOPABICHUAMU IMIOTOKOB, U JIIO6OI\/T TUTI MOXKET pa60TarL C BapyuaHTaMM OCYIICCTBJICHUSA,
OpeacCTaBJICHHBIMU B JAHHOM OITMCAHMH.

[TpumMepHBIA TEITOOOMEHHHK MOKET UMETh ILIACTUHBI, ¥ KOTOPBIX OOKOBBIC CTEHKH
ABIAIOTCA OTHOCUTEIIPHO TOHKHUMH, TAK YUITO MOYKHO JIETKO OCYIIECTBIIATH TEITOOOMEH MEKOY
ABYMS MMYTAMHM MPOXOXKACHUSA T'd34d. ,Z[Hﬂ CO30aHusA TCHHOO6Z\/ICHHHKEI MOZKHO UCIIOJIB30BATH
MHOKCCTBO MaTCpHUAJIOB. Hpe,uuo‘{rureubuo MO]IOJ1b3yCMbH/VI MaTcepuall J0JIKCH 6])1'1‘1)
I(OppOSHOHHO—yCTOT/(IQHBBIM, yCTOﬁ‘-IHBbIM K THHUCHUIO, UMCTH JIETKUi1 BEC H OBITH HCOOPOTHUM.
Z[J'Iﬂ TEIUTIOOOMEHHUKOB OOBIYHO HUCTIOJIb3YIOTCs MCTAJLIIbI M3-3a UX BBICOKOMI
TemAoNnpoBoAHOCTH. OHAKO ObLTIO OOHAPYKEHO, YTO TUIACTMACCHI U KOMITO3HIMOHHbIE
MaTEPUAITBI TAKXKE MOTYT YAOBAECTBOPSITH YCIIOBHIM TEILIOBOTO PEXUMA sl ATTEKTPOHHBIX
AUCIIJICCB. B MIPUMCPHOM BAPHUAHTE OCYIICCTBICHHUA MOXXHO UCTIONIB30BATh MOJTUITPOITUIICH
B Ka@4CCTBC MaTepHaa, IPpCAHAZHAUYCHHOTO JIsd KOHCTPYUPOBAHUA TUTACTHH AJIsd
TermnooOMeHHUKA. BbUTo HAMAEHO, YTO, XOTS MOAUTIPOTIUIEH MOYXET MOXOAUTD HA THTOXOH
MTPOBOAHUK TCILIA, 60nbma51 BCHIUYMHA TII0IOa O MOBEPXHOCTHU OTHOCHTECIBHO MAIEHBKOH
TOJIIMHBI MaTCpHAJIa IIPDUBOANUT K ITOJTHOMY TCIIITOBOMY COTIPOTUBJIICHUIO, KOTOPOC ABIACTCH
HU3KUM. TakuM 00pa3om, IIPUMEPHBIN TSILUIOOOMEHHHUK MOKET ObITh CASIaH U3 INIACTMACCHI,
H, TAKHM o6pa30M, MOYKHO TPOU3BOOUTDH 610K JHCIIIICH, KOTOprﬁ ABJIACTCA TOHKHUM U JICTKHM.
B 9acTHOCTH, TS KAXAOTO CHOS TUTACTUHBI MOYKET UCITOJIB30BATHCS rOGPOTIIACT
(roppupyemas macTMacca) Wid COTOIUIACT (COTOoOOpa3Has TuracTMaccea).

Kax ynoMsiHyTO BbIlIe, OJIOKH U TPOTOYHOTO, U BBITSYKHOTO BEHTHJISITOPOB TSI 3THX
BAPUAHTOB OCYIICCTBICHUSA HE ABJIAIOTCS H606XO£[HI\HJH\’[H. B kauecTBe AJIbTCPHATHUBBI, OJIs
KaXXJoT0 KOHTYPa MOKET UCTTIOJIIB30BATHCA TOJIBKO OJHH 6J'IOK BCHTUIATODA. Taxum 06pa30M,
C 3aMKHYTBIM KOHTYPOM MOKCT UCIIOJIB30BATbLCA TOJIBKO 6J10K IIPOTOUYHOIO BEHTHIIATODA,
a C Pa30MKHYTBIM KOHTYPOM MOKET HCTIOIB30BATHCS TOJIBKO OJIOK BBITSKHOTO BEHTHIISITOPA.
B xauecTtBe ANBTCPHATHBDBI, OAMH U3 KOHTYPOB MOXKET UMETh 063 6_]'[01(21 U MMPpOTOYHOTO, U
BbITAXKHOTO BCHTUIIATOPA, B TO BPCMSA KAK Y APYTroro KOHTYpd HMECTCA TOJIBKO mbdo
TMIPOTOUHBIN, THOO BBITKHOM OJIOK.
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I'a3, icmonp3yeMblif B 000HX KOHTYPAaX, MOKET OBITH JIIOOBIM H3 MHOXKECTBA Ta3000pa3HbIX
BCIIICCTB. B HCKOTOPBIX BAPHAHTAX OCYUICCTBIICHUSA B KAUCCTBEC ra3a ajist OGOI/IX KOHTYPOB
MOJKET UCHOIb30BaThes BO3AyX. [IpeanouTuTebHO ras3, KOTOPBIL HepeMeniacTcs yepes
3aMKHYTBIM KOHTYD, JOJKEH OBITh B 3HAYUTEIIBHOM CTEIIEHH YUCTBIM, YTOOBI, KOTAa OH
MPOXOIUT TIepen OJI0KOM U300pakeHus, OH HE BIIWSUT HA BHEUTHUL BUI U300 PaKESHUS 151
HadmronaTens. ['a3, KOTOPHIN mepeMeIaeTCs IO 3aMKHYTOMY KOHTYPY, TAKXKE TODKESH OBITh
IO CYIIECTBY CBOOOIHBIM OT 3arPsI3HEHUN WK TBEPABIX YACTHUL (HATIPHMED, TIbLIH, TPS3H,
TBUTBIBI, BOASHOTO Mapa, AbIMa 1 T.1.), 9TOOBI TPeI0TBPANIaTh OTPHIATEIBFHOE BO3AEHCTBIE
HA Ka4eCTBO U300 paAKEeHHA U MTOBPSKACHIE BHYTPSHHUX 3JICKTPOHHBIX KOMIIOHEHTOB, Takxe
MOXET ObITh MPEANIOUYTHTEIbHBIM MOAAESPKUBATD a3 B IIPEACIaX PA30MKHYTOTO KOHTYPa
CBOOOIHBIM OT 3arpsa3HeHHIt. M OXET HCITOJIB30BAThCA HE0Os3aTeIbHbBIN GUIBTD (HE TOKA3aH),
gTO0OBI TAPAHTUPOBATE, UTO BO3AYX (JIMOO B 3aMKHYTOM, JIMOO B PASOMKHYTOM KOHTYPE)
oCTaeTCst CBOOOAHBIM OT 3arpssHeHuil. OOHAKO B IPUMEPHOM BAPHAHTE OCYIHNESCTBIICHUS
Pa30OMKHYTHIN KOHTYP MOXeT OBITh pa3paboTaH Tak, YTOOBI 3arps3HESHUS, BO3SMOKHO,
TIPHCYTCTBOBAITH B Ta3€ OKPY/KAIOMIEH CPEapl, HO 3TO HE OKa3bIBAJIO BPEOHOE BO3ASHCTBHE
HAa JUCTUICH. B 3THX BapHaHTAX OCYIISCTBIICHUS TEINTOOOMEHHUK (M HEOOA3aTEITHbHBIA ITyTh
mo3aau 6;10Ka N300 PpaXESHUS WK 3a7IHel TTOACBeTKH WX uepe3 pedpa) JODKHBIM 00pa3oM
TEPMETU3UPOBAH TaK, UTOOBI TIOOBIE 3arPA3HEHUS B TA3€ OKPYKAIOIel cpeabl He MOTJIH
MOMACTh K YYBCTBUTEIBHBIM yUacTKaM AuCTies. Takum 06pa3om, B 3TUX TPUMEPHBIX
BapHaHTaX OCYLIECTBJICHHS 3aCaChIBaHNE aTMOCHEPHOTO BO3AyXa [IJIsi Ta3a OKPYKaloieH
Cpenbl, aXkKe eCIi aTMOC(EePHBIN BO3AYX COAEPIKHUT 3aTrPSI3HEHUS, He OYIST OKa3bIBATh BPEIHOE
BO3AENCTBHE HA AUCTLIEH. DTO MOXKET OBITH OCOOEHHO BBITOIHO, KOTAA JAUCIUISH UCTIOIB3YETCsI
B HAPYXHBIX CPEaX WKW BHYTPEHHUX CPEIax, B KOTOPBIX B aTMOC(EPHOM BO3AyXE
IIPHUCYTCTBYIOT 3aTPSA3HEHUS.

Qur. 10A moka3eIBaeT ceueHHe APYTOro BapuaHTa ocyiecTniaenus auciuies 200. Ha atom
gepTeKe 3aaHs Kpbiika 250 1 00K0BbIe KPIUKK 251 1 252 r1oKa3aHbl A7t WITFOCTPUPOBAHUS
oanoro cirocoda repmerusaimu Beero auciuiest 200. biiok 220 n3obpakeHus 1okazaH BOJIM3H
oT nepenHelt cropoHs! aucties 200. Kak 00cy®aamoch BbIie, SIToK 220 H300paKeHNSI MOKET
COACPKATE ITEKTPOHHBIN OJTOK JTF00 0 (DOPMBI TSl TEHSPHUPOBAHNS U300 PAMKEHUS, BKITIOUAs,
HO He orpanuunBasicek 3TumM: JKKJI, cBeTonznyuaromue nuoast (LED), opranudeckue
cBeTousnyuaromue guoasl (OLED), auctien ¢ aBTO3MIEeKTpOoHHOM svuccuelt (FED),
cBeToMzMyuaromwe momuMeps! (LEP), mia3sMeHHbIe JUCTIICH U TFOOBIE APYTHE TUCIUICU C
IUTOCKHM/TOHKUM 3KpaHoM. [lepennss moBepxHOCTh 221 qucruies pa3MelneHa mepes 0J10KoM
220 uzobpasxeHusi, onpenaessas kaHan 290, 1o KOTOPOMY MOKET IPOTEKATh MUPKYIHPYIOITHIA
ras. [lepennss noBepxHOCTH 221 guctiiest MOXeT OBbITh TIOOBIM TTPO3PAYHBIM MATEPHATIOM
(CTeKJIO, THTaCTMACCA WJTH KOMITO3UIHOHHBIN MATEePHAN), H OHA MOKET COASPHKATH HECKOIBKO
CJIOCB AJId IOAAPU3a LY CBCTA, YMCHBILICHU 6JII/IKOB HIH OTpa)KQHI/Iﬁ H 3aIUThl BHYTPCHHUX
KOMIIOHEHTOB AMCIUIEs. B mpuMEPHOM BapHaHTEe OCYIIECTBIICHUS IEPEIHAS TOBEPXHOCTD
221 guctijiess MOYKET COAEPXKAaTh ABE CTEKJIAHHBIC TAHEAN, KOTOPBIE U3TOTOBJICHEI B BHE
CJIOUCTOMN CTPYKTYPBI C OIITHYECKUM KJIEEM (TIPEANIOUTHTEIBHO C COMIACY FOLIMMCS TTOKA3aTEIEM
npenomieHus ). KpomMe Toro, kK 0AHOM U3 CTEKISIHHBIX TTAHENe MOET ObITh NPUKPEIIICH
MOJIIPU3YIOMIHIH CITOH, YTOOBI YMEHBIIIATH BHYTPEHHHUE OTPAXKEHUST K COJTHEUHYIO HATPY3KY
Ha 010K 220 uzodpaxenus. CaMbIM IPEATIOUTUTEIBHBIM SIBJISIETCS TO, YTO MOISAPHIYIOUIHHA
CITIOY MPUKPEIJICH K BHYTPEHHEH MTOBEPXHOCTY NiepenHel moBepxHocTH 221 qucnnest
(oOpameHHON K KaHATTY 290 3aMKHYTOTO KOHTYPA) ¥ TAKKE COMEPKUT MpocBeTsroiree (AR)
MOKPBITHE.

Jst BapuaHTa OCYLISCTBIICHUS, TOKa3aHHOTO Ha ¢ur. 10A, 610k 220 u300pakeHUs MOKET
opITh JKKJI, 06benuHeHHBIM ¢ O10KOM 222 3aaHel MOACBETKH. [ HEKOTOPBIX 3aHUX
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MOACBETOK MOXKHO HCIIOIb30BATh JIOMUHECHEHTHBIE JTaMIIbl ¢ XOJoaHbIM KaTogom (CCFL),
gTOOBI MPOUZBOAUTE OCBEIICHUE, HEOOXOAMMOE [UIsl TEHEPUPOBAHUS U300 pakenus. B
MIPUMEPHOM BapHAHTE OCYIICCTBICHUS OJTOK 222 3agHel MMOACBETKH MOXKET COACPKATD
nedathyro maty (PCB) ¢ mHo)xecTBOM LED (cBETOM3NMYYAIOIIMX ANOA0B) HA NTepeaHEeH
nmoBepxHOoCcTH. Kak 00Cy»1a10Ch BBINIE, TPUMEPHBIN BAPHAHT OCYILIECTBIICHUSI MOYXET UMETh
HU3KHUI YPOBEHB TEIJIOBOTO COMPOTUBACHUS MEKIY TIEPETHEH MOBEPXHOCTRIO OJIOKa 222
3a/Hel MOACBETKH H 3aHEl MMOBEPXHOCTHIO 223 3aaHe noACBeTKH. C 3TOM HEABIO MOXKET
HMCTIOJTB30BAThCA MeTayutndeckass PCB. 3aqHsisi HOBEPXHOCTD 223 3aHEHM MOACBETKH MOKET
COAEepKaTh TEIUTIOMPOBOASILIMI MAaTepHAJI, TAKOM Kak MeTasul. [IpuMepHbIM MaTepruasioM ajist
3aQHEeN MOBEPXHOCTH 223 MOXKeT ObITh adioMuHuM. BTOpast moBepXHOCTD (WiIx IUIACTHHA)
224 MoeT ObITh Pa3MelleHa B HENOCPEACTBEHHON OJM30CTH 110331 3aAHEH MMOBEPXHOCTH
223 onoka 222 3aaHei noacBeTKu. [IpoCTpaHCTBO MKy 3aaHel TOBepPXHOCTRIO 223 3aaHelt
TIOZACBETKH H BTOPOI MOBEPXHOCTHIO 224 MOXKET ONPEAeIATh JOTIOTHUTESIbHBIN
HeoOs3aTeNbHBIN KaHAT 225 pa30MKHYTOT0O KOHTYPA, Yepe3 KOTOPbI MOKeT MPOXOAUTh a3
OKPYKAIOIIEeH Cpeabl TSl OXJIAKACHHs OmoKa 222 3aaHei TTOACBETKH. DTOT KaHam 225
Pa30MKHYTOTO KOHTYPa MOXET OBITh NOJO0EH KaHATY 15, TOKa3aHHOMY BBIIE, 34
VCKJTIOUEHHEM TOTO, UTO KaHas 225 pa30MKHYTOTO KOHTYPAa MOXET ObITh 00/Iee Y3KHM.

Qwur. 10B nmokas3piBaeT TAKOM ke BUA B pazpese, kak dur. 10A, ¢ ynaneHHbIMHA 3aQHeH
KPBIIIKO# 250 ¥ GOKOBBIMH KPBITHKaMHU 251 1 252 ¥ BO3AYIIHBIMY TTOTOKAMU 3aKPBITOTO H
PAa30MKHYTOTO KOHTYPA, TOKA3aHHBIMU A1 IIOSICHUTENbHBIX Lenell. briok 202 BeHTUisATOpa
3aMKHYTOTO KOHTYPaA UCTIOJIB3YETCS [JIs1 TOTO, 9TOOBI MPUBOIUTH B IBHKEHHE
LUPKYAUPYOLMit ra3 210 no 3aMKHyTOMY KOHTYpY. [1epsbiit 610k 203 BEHTUISITOPA
PA3OMKHYTOI'0O KOHTYPAa MOJKET UCTIOJIB30BATHCS JJIs1 BTSITUBAaHus ra3a 211 okpyxkaroiiein
cpenbl uepes TertoodMennuk 201. HeobsazaTensHo, BTopoii 610k 204 BeHTUISTOpA
Pa3OMKHYTOTO KOHTYPa MOMKET HCIIOIB30BATECS IJTS BTATHBAHHS Ta3a OKPYKaIome cpeanl
212 gepe3 HeOOA3ATCABHDIN KaHAJ 225 [ia oXJtaxaeHus Otoka 222 3aaHei TOJCBeTKH,
Heo06si3aTenbHbiil BTOpoit 610K 204 BEHTWIATOPA PAa30MKHYTOI'O KOHTYPa TAKXE MOXKET
WCTIONTBE30BATHCS TSI TOTO, 9TOOBI BBIMTYCKATD a3 OKPYKATOUIEN CPeabl, KOTOPBIHN
nepemMenaercs depe3 rernroodoMeHHuk 201 u o kaHany 225. Eciou BTOpOi#t 0ok 204
BEHTHJISITOPA PA30OMKHYTOTO KOHTYPa HE UCIOIb3YeTCsl, IePBbIit 050k 203 BenTWiIsiTOpa
PA30OMKHYTOTO KOHTYPa MOXKET HCITOAL30BATHCS ISl TOTO, 9TOOBI BBITTYCKaTh ra3 211
OKPYXKAIOIIeH Cpebl, KOTOPBINM MPoUIen Yyepe3 TermioodMeHHuK 201,

Kax otMmeueHO BbIlIe, B IPUMEPHOM BaAPUAHTE OCYILIECTBJICHHA Ta3 OKPYXKAIOMIEH Cpeapl
HE CMEIIMBAETCs] C UPKYIUPYIOUINM Ta30M. [JTs1 kadecTBa U300 paXKeH!ust MOKET ObITh BAXKHO,
gTOOBI IMPKYIHPYIOIIHIL T'a3 OCTABAJICS CBOOOIHBIM OT TBEPABIX YACTHIL U 3aT PSI3HEHMI,
MMOCKOJIBKY 9TOT ra3 rnepeMeinacres mepen omoxkom 220 uzodpaxenust. Tak kak ras mis
PAa3OMKHYTOTO KOHTYPa MOXET COACPKATD PA3IHIHBIC 3aTPI3HCHUS, TPESATIOUYTUTCIbHBIN
BaPHUAHT OCYIIECTBICHHUS JOMDKEH ObITh COOTBETCTBYIOIIMM OOPA30M re€pPMETU3HPOBAH, YTOOBI
MPeIOTBPAILIATH CMELIMBAHUE Ta3a U3 3TUX ABYX KOHTYPOB. OAHAKO 3TO HE ABIISIETCS
HEOOXOIUMBIM, IOCKOJIBKY (PIIBTPHI (JIHOO CheMHBIE, MO0 TTOCTOSIHHBIE) MOTYT
WCTIONTB30BATHCS /Il TOTO, 9TOOBI CBOIUTH K MUHUMYMY BO3IEHCTBHE TBEPABIX YACTHI U 15T
PAa30OMKHYTOTO, U AJI51 3AMKHYTOTO KOHTYPOB.

Dur. 11 npeacrasisieT NEPCICKTUBHOES U300 PAKEHUE B Pa3pe3e APYroro BapuaHTa
ocCy1ecTBIIeHHs OiToka 600 qucriest, TOKa3bIBAOLIEr0 BIIYCKHOE 60 1 BBIITYCKHOE 65 OTBEpCTUS
autst taza 20 oxpyskaoileil cpenbl. BnyckHoe oTBepcTHe 60 MOXKET COAEPKATh IKPAH HUITH
GunbTp (ChEMHBIN UJIU TIOCTOSIHHBIN), 9TOOBI YOAISITh JIIO0OBIE TBEPABIE ACTULBI (XOTS 3TO
MOXKET HE SIBJISTHCS HeoOXoauMbiM). Oaun wiu 6oiee BEHTWISTOPOB 50 MOTYT UCITONIB30BATHCS
IUTS TOTO, ITOOBI BTATHBATE Ta3 20 OKpyXarolel cpeasl BO BIyCKHOe oTBepcTre 60 U depes
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TentnoodmenHuk 201. B 3ToM BapuanTe ocymmecTBiaeHus ra3 20 okpyKaromel cpebl
BTSTUBAETCST TOJBKO depes Terioodmennuk 201, a He uepes Kakue-Tud0 TOTIOTHATEIBHBIE
HCOOSI3a TCIIBHBIC KAHAIBI WK peOpa. DTOT BAPUAHT OCYLICCTBICHHS MOYKCT UCIIOIB30BaTHCH,
korga Omok 80 mucruies (mimu OJIOK 3aaHel TIOACBETKH) He TpeOyeT JOTIOTHUTENEHOTO
OXJTAXKACHUS JIs1 AOTIOHUTENBHOTO KaHala. B xauecTBe npuMepa, a He MOCPEACTBOM
OTrPAHUYCHHUS, 3TOT BapruaHT 600 OCYLIECTBACHHS MOXET UCTIOIB30BATHCS, KOTA4 B KAUECTBE
oroxka 80 uzodpaxkenus ucropzyrorces OLED. Kpome Toro, 1ot BapuanT 600 oCyLIeCTBISHUS
MOYKET UCTIONIB30BATHCS, KoTAa 3aaHss rtoacseTka KK/ He o6pa3yeT OOMBIIOe KOMHIECTBO
Tema, TOTOMY 9TO OHA HE JOMKHA ObITh UPE3BBIYANHO SIPKOI (BO3MOKHO, TTOTOMY 4TO OHA
HE HCIIONB3YETCA B YCIOBUAX NIPSIMOLO COTHEUHOTO ¢BeTa). IIoMUMO 3TOrO JaHHbIH BApUAHT
OCYLIECTBIEHHS MOKET UCIIONB30BATHCS, KOraa ra3 20 oxpy»Xarollei cpeabl COOEPKUT
TBEPABIC HACTHUIBI UJTH 3aTrPASHCHUSA, KOTOPBIC MOTYT IIOBPEAUTD ,uncnneﬁ. B sTux CUTyauusax
MOKET MOTPebOBATHCS OTPAHUYHBATE BO3ASHCTBHE HA JUCITICH ra3a 20 OKPyKarOIei CPEIbL.
Taxum 06pa3oM, B ITUX CHTYyALHAX MOKET HOTPeOOBaTHCS 3aCaChIBATE ras 20 OKpyKaromie
CpCabl TOJABKO B TGTU'[OOGM@HHHK 201 , d HC HCPL3 KaKHe—HHGO AJOMOIHUTCIIBbHBIC KaHAJbI
OXJTAXKIACHUSL.

B HEKOTOPBIX BapUaAHTAX OCYLIECCTBICHHUS ra3 200 OKpyKAIOMIEH CPeabl MOXKET OBbITh
KOHIUILMOHUPOBAH (MJTH B TPOTUBHOM CHY4ae OXJTAXAEH) IPEXe, 9eM OH OyIeT HanpaBAeH
B TetiooOMeHHUK 201. Tlepeansa moBepXHOCTH 221 AUCTHIes MOKET UCIIOIb30BAThCS AJIst
TOTO, YTOOBI 0OPA30BHIBATE TPEAIICCTBYIONIYIO (TIEPEAHION) CTEHKY KaHaia 290 w/vunu
zamminarth onok 80 uzobpakeHus ot nospexaeHull. [IpumepHas riepeaHsisi TOBEPXHOCTD
221 auctiiest MOXET ObITh CTEKISHHON. JIpyroi BapuaHT OCYIIECTBICHUS TS TIepeaHei
mOBEPXHOCTH 221 AUCILIEST MOKET TIPEACTABISITE CODOU BE CTEKIISIHHBIC TAHEIN, KOTOPhIE
U3TOTOBJIEHBI B BUAE CIIOUCTON CTPYKTYPBI C UCITOIB30BAHUEM ONITHYECKOTO Kiies. CoHeuHAas
HATPY3Ka (JIyaucTas TeILUIOTIepenada OT COMHIA Yepe3 MepeqHIoIo TTOBEPXHOCTE 221 aucruies
MOKET MPHBECTH K TEIUI006pasoBanuio B Oioke 80 nzobpaxkenus (Hampumep, B 6nxoxke OLED
wim ZKK/). D10 Terio MoxeT ObIThb IEPEAAHO UUPKYJIMPYIOLIEMY I'a3y, B KOTOPOM 3TO TEILUIO
3aTE€M MOXET OBITh TEPEAAHO ra3y 20 OKpyKaoLe Cpeabl U yAAICHO U3 OUCIUIes. biiok
M300pakeHUsT MOXKET OBITh JTIOOBIM U3 cieayrommx: KK/, 6ioKka mia3sMeHHOTO OUCTLIeS,
OLED, 6noka cserousiyuaroiiero nojaumepa (LEP), 6j10ka Opranugeckoro
anekTponoMuHecueHTHOTO auctuiest (OEL) wiu 6710Ka CBETOOUOHOTO AUCTIIES.

@ur. 12 noka3pIBAET MPUMEPHBIH BAPUAHT OCYIIECTBICHHS, B KOTOPOM IMPKYIHPYIOIIH
ras 400 HarHeTaeTCs MK QY MePeaHeH IOBEPXHOCTHIO 22 1 aucmies u 610xkoM 80 u300paskeHus
¥ 3aTeM depe3 TermroooMeHHuK 201, uToOBI OTBOAWTD O MEHBLIEH MePe 4acTh TeIia,
TOTJIOMIEHHOTO OT 610Ka 80 U300 pakeHs U TIepeqHell MOBEPXHOCTH 22 1 mucIiies.
Hupkynupyrommit ra3 400 MOXKeET IPHBOAUTHCS B ABIKeHMUe OI0KOM 410 BeHTHIISITOPA
3aMKHYTOTO KOHTypa. TemmoodMeHHUK 201 MOXET MPUHIMATD HUPKyIUpyiomuii ras 400 B
OJHOM HAaOpPaBJICHUH, B TO K€ BpeMsi mpuHuMast rasz 310 okpy karoleit cpeabl 10 CyHIeCTBY
B MEPNECHAUKYJISPHOM HAMPABIIEHUH, TAK YTO MEXIy 3TUMHU ABYMSI Ta3aMHU MOKET
OCYIIECTBASTHCS Terionepeaada.

B 3TOM BapuaHTe OCYIUIECTBIEHUS HEOOSI3aTENBHBIN JOMOIHUTENBHBIN MOTOK ra3za 300
OKpYXaToIle Cpeabl TPUHUMAETCS Yepe3 BIIYCKHOE OTBEpCTHE 350 1 HATpaBASIETCSI TTO KaHATY
225 amst OXJIAKASHUsI 33JHEeTO ydacTka Oyoka 80 nuzodpaxkeHus (BO3MOXKHO, 3aHEH
MOACBETKH). DTOT BAPHAHT OCYIIECTBJICHHS UCTIONB3YeT psia pedep 18, mogoOHbIX
KOHCTPYKIHSAM, TTOKA3aHHBIM BBIITIE Ha GUT. 7 U 8. ITOT BAPHAHT OCYIIECTBIICHUS TAKXKe
WCTIOJIB3YET TEIUIOMPOBOISIIYIO IIACTUHY 10, MOTOOHYIO TEIUIONMPOBOISIIESH TUIACTHHE,
nmokaszanuou Ha dur. 7. Koraa ucnoms3yeTcs 3TOT He00s13aTEbHBIN JOTIOJITHUTEIBHBIN TOTOK
rasa 300 oxpyXxaroieif Cpensl, IPEANCUTHTEILHO, YTOOBI IPEeAIISCTBYIOMAs (IepeTHs)
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nmoBepxXHOCTE 500 xaHana 225 6bU1a TEILIOTPOBOAMIIIEN H IPEATTOYTUTEILHO HAXOIWIACE B
TEIJIOBOM KOHTAKTE IO MEHBINSH MEPE C YyHaCTKOM (HpeI[HOIITHTe.HBHO 3aHUM yIIaCTKOI\A)
osroka 80 uzodpaxcHusa. BrnyckHoc otBeperue 350 MokeT npuHUMAaTh 00a moToka rasa 310
¥ 300 OKpyXarouiei CpEeIbl, MITH IS KaKA0To IToTokKa ra3a 310 u 300 MoryT OBITh OTAETBHEIE
BITyCKHBIE OTBEPCTHSI.

IToa00HO HEKOTOPBIM U3 PAHEe OTIMCAHHBIX BAPHAHTOB OCYIISCTBICHUS, IMPK YITUPY FOTITHIA
ra3 400 Tak>xe TpOXOIUT MOBEPX MEKTPOHHBIX OJIOKOB, UTOOBI MPUHUMATE TEILIIO OT ITHX
3NEKTPOHHBIX OJTOKOB. B 3TOM MpuMepHOM BapuaHTe OCYIIECTBIEHHSI JIEKTPOHHBIE OIOKH
ObLTH pas3aeneHbl TerioooMenHnKoM 201 Ha aBe Tpymmnsl. [IepByIO rpymny 3/1eKTPOHHBIX
0710k0B 900 MOKHO PACCMATPUBATH KAK OJIOKM OOJIBIIOH MOIIHOCTH, ¥ OHU MOTYT BK/II0YaTh
B ce0s1, HO He OTPAHUYIMBASICH 3TUM: MOIY/IH MTATAHUS, KATYIIKH HHAOYKTUBHOCTH,
TpaHchOpPMATOPHI U Apyrue CBA3aHHbBIE C TUTAHUEM yCTpolicTBa. Bropyio rpymnmny
JIEKTPOHHBIX O7T0KOB 910 MOKHO PaCCMATPUBATE KAK MAJIOMOIIHBIE OJIOKH, H OHU MOTYT
BK/IIOYATh B ce0si, HO HE OrPaHHYHBASCH 3THM: HAHETH CHHXPOHUSALUWH U YIIPABICHUS,
HAKOIIUTCIAN Ha KECTKUX JUCKAX U npyrne yCTpOﬁCTBa XpaHCHUA JaHHBIX, BUOACOKAPTHI,
MIPOTPAMMHBIE ApalfBePhl, MUK POTIPOIECCOPHI ¥ APYTUE YIIPABIISAIOMNE YCTPONCTBA.
CrnenuajuctaM B JaHHOM 00JIaCTH TeXHUKUA JOIKHO OBITh H3BECTHO, YTO HEKOTOPBIE
3AEKTPOHHBIE OJIOKH OOMBIION MOIITHOCTH MOTYT BBI3BIBATEH B3AUMHBIE HICKTPUUECKHE TTOMEXHT
C APYTUMHU €K TPOHHBIMU OJIOKAMH, KOTOPbIE MOTYT ObITh UYBCTBUTEIEHBIMU K
3JIEKTPUUECKIM noMexam. Taxum oO6pa3oM, B MOKA3aHHOM IIPUMEPHOM BapUAHTE
OCYHIECTBIEHUs, TeTIo00OMeHHUK 201 UCTIONB3YeTCs AT OTAEIIEHUSI JJIEKTPOHHBIX OJIOKOB
910 6oee HU3KOM MOIIMHOCTH OT IEKTPOHHBIX OJIOKOB 900 SONBINON MOIIMHOCTH, YTOOBI
TAPaHTUPOBATH MUHUMAJIFHYIO BCIIMYUHY B3AWMHBIX 3JICKTPHUYCCKUX MOMEX MEKY HUMHA.
Kpome Toro, HEKOTOPBIE IeKTPOHHBIE 010KH 900 SOIBIION MOIITHOCTH, KAK U3BECTHO, TAKIKE
BBIPA0ATHIBAIOT TETIO. DTO TEIJIO MOKET OBITH TIEpEeNaHo HUPKYIHpyIomemMy ra3y 400 oo
BBEICHUS 3TOrO ra3a B reruioodmMenHuk 201. B mokasaHHOM IpuMEpPHOM BapUAHTE
OCYIIECTBJICHUs ATMOC(ESPHBII BO3IYX MOXKET 3aCaChIBATHCS B KauecTse rasza 310 okpyxarowieit
CpeIbl, U CYIIECTBYET JINIITB HEOOIBINONW PUCK MOBPEXKICHHS 3EKTPUIECKUX OIOKOB 910 1
900, motoMy 4T0 ra3 310 OKXpyXKarolel Cpeapl MPearnOYTUTEIPHO HUKOT1a HE KOHTAKTHPYET
C 3TUMHU IEKTPUUECKUMH OitokamMu. OnHako snekTpuyeckue onoku 910 u 900 SyayT
OCTaBAaTHCS XOIOHBIMH (TAK K€ KaK YUCTBIMU H CYXUMH) O1arogaps MonepeuHOMY TEUSHUIO
LUpKyIupyromero rasa 400.

Cucrema OXJIaXAeHYsl. OTIMCAHHAs B JAHHOM OIMUHCAHWUN, MOYET padoTaTh HEMPEPBIBHO.
OnHaxko, ecnu TpebyeTcsi, B 3AEKTPOHHbBIN THCILIEHA MOTYT ObITh BKITIOUYEHBI
TEPMOUYBCTBHUTENBHBIE YCTPOMUCTBA (HE TTOKA3aHbI), UTOOBI OOHAPYIKUBATH, KOTAA
TEMIICPATYPbI AOCTUTAIOT NPCABAPUTCIIBHO ONIPCACICHHOIO ITIOPOTOBOTO 3HAYCHHSA. B rakom
ciIydae, Koraa TeMrnepaTypa B AUCIUICe JOCTUTACT IIPSABAPUTEIBHO OTIPEACTICHHOTO 3HAYUCHMUS,
MO BBIOOPY MOTYT ObITh 3aASHCTBOBAHBI PA3IHIHbBIC BEHTHISITOPbI. MOTYT OBITh BBIOPAHBI
MPEABAPUTEITEHO ONPEICIICHHBIE TTOPOTOBBIC 3HAUCHHS], U CUCTEMA MOXKET OBITH BBITIOJTHEHA
C BO3MOXHOCTBIO OJIAaTONPUSITHO MOAASP>KUBATH AUCTIJICH B IIpeaenax IpUeMIIEMOro
Ivana3zoHa TeMnepaTtyp. s BITOIHEHU 3TOH 3aJa9l MOTYT HCIIOJIb30BaTHCS TUTIHYHBIE
OJIOKU TEPMOCTATOB. B Ka94eCTBE TePMOUYBCTBUTEIIBHBIX YCTPOUCTB MOTYT HCITONBE30BATHCS
TepMonapel. CKOPOCTh BPALICHUS PA3INIHBIX OJIOKOB BEHTHISITOPOB TAKKE MOXKET
U3MEHATHCS B 3aBUCUMOCTH OT TEMIIEPATYPBI BHYTPH AUCILIES.

B gacTHOCTH, ClleyeT OTMETHTE, YTO CYITHOCTE H 00BEM PACKPBITHIX BAPDHAHTOB
OCYLIECTRIICHUS TIPEAYCMATPUBAIOT OXJIAKICHUE JIIOO0TO THITA 3JIEKTPOHHOTO JAUCTIIES].
IlocpencTtBOoM npumMepa, a He IOCPEeACTBOM OIpAHUYUECHUS, BAPUAHTHI OCYIIECTBJIEHUS MOTYT
HCIOIB30BATHCS B CBA3H C JIIOOBIM yCTpOHCcTBOM U3 cieayrommx: YKKJ (Bcemu Tumamu),
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cBeTouzaydaronumMu auoaaMu (LED), opranuueckuMy CBeTOU3Iydarommmu auogamu (OLED),
JUCTUIEEM C aBTONIEKTpOoHHOM smuccuett (FED), ceeTouznydaromum noaumepom (LEP),
OPraHUYCCKUM JICKTPONIOMUHECHEHTHBIM auctuieeM (OEL), mnasMeHHbIMU JUCIUICAMUA U
JTIOOBIM APYTUM TUIIOM OUCILIES C TIOCKHM/TOHKUM 2KpaHoMm. Kpome Toro, BapuaHThI
OCYLIECTBIEHHSI MOTYT UCTIONIB30BATHCS C AUCIJICSIMH APYTHX TUIIOB, BKITIOYAs €11e HE
OTKpPBIThIC. B 4aCTHOCTH, MPEATIONATAETCS, YTO CHCTEMA MOXKET XOPOIIO TMOAXOAUTh 151
UCTIOJIB30BAHUS C OONBIIMMU )UAKOKpUcTaTnueckumMu (PKK/) aucrutesmu ¢ 3aaneit
noaceTkoit LED u BBICOKOM pa3peraroeit cmocoOrocThio (1080i umu 1080p wmu 60J1hIIe).
XOTs OTIMCAHHBIC B JAHHOM OIIUCAHUU BAPHUAHTBI OCYILIECTBISHUS XOPOLIO NOAXOANT A5
HAPYXHBIX Cpeld, OHU TAKKE MOTYT OBITh ITOAXOASIIUME AJIsI BHYTPEHHUX ITPUMEHEHUN
(Hammpumep, A7 3aBOACKUX/TTIPOU3BOACTBEHHBIX CPEl, KYPOPTOB, PA3A€BaNIOK, KyXOHb, BAHHBIX
KOMHAT), B KOTOPBIX TEMITEpATYPHAS YCTOWUHUBOCTE TUCTITESI MOYKET HAXOIUTHCS B OTTACHOCTH.

Crneayer Takxe OTMETUTD, 9TO MHOTOOOPA3HBIC OXJIAXKAAIONINE KAHAIBI, KOTOPHBIS
MOKA3aHbBI HA 9ePTEXKAX, MOTYT OBbITh TOKA3aHBI B TOPU30HTAJIBHOM HJIH BEPTHKAJIBHOM
pacroIoeHHH, HO JOJDKHO ObITh SCHO, YTO TPEATNIONATAETCS, YTO OHU MOTYT OBITh
PEBEPCUPOBAHBI WIIH U3MEHEHBI B 3dBUCHMOCTH OT KOHKPETHOTO BAPUAHTA OCYLLIECTBJICHUS.
Taxum 0Opa30M, 3aMKHYTEIM KOHTYP MOXET NMPOXOAUTE TOPU3OHTAIBHO WK BEPTUKAIBHO
¥ B HATIPABJICHUU T10 YACOBOI CTPENKEe WU NPOTUB 4acoBoOM cTpenku. Kpome Toro,
PA3OMKHYTBIN KOHTYP TAKKe MOYET ObITh TOPU3OHTAIBHBIM UJTU BEPTHKATBHBIM U MOYKET
NPOXOAUTH CJIEBA HANIPABO, CIIpaBa HAJICBO U CBEPXY AOHU3Y WU CHU3Y AOBEPXY.

IIpyu HaMTUUMK TOKA3aHHBIX U OMMUCAHHBIX TIPEANOUYTHTEIbHBIX BAPUAHTOB OCYILIECTBIICHUS,
CTIEIUAJTACTAM B JJAHHOM OOMaCTH TEXHUKU J0JDKHO OBITh IOHATHO, YTO MOTYT OBITh CASTAHBI
MHOXECTBO U3MEHEHUH U MOAU(DUKAIIN, BIIUSIONIHX HA OMUCAHHOE N30OpEeTeHNe U BCE elle
OCTAIOIIUXCSA B PAMKAX 00'beMa 3asIBIICHHOrO H300peTeHus. JJOMoNHUTEIBbHO, MHOTHE U3
3MEMEHTOB, YKA3aHHBIX BbIIIE, MOTYT OBITh H3MEHEHbBI HITH 3aMEHEHBI APYTHMH DJIEMEHTAMH,
KOTOPBIC OOCCIICUNBAIOT TAKON K€ PE3YJIBTAT U BCE CIC HAXOANTCS B IIPEAeiax CyIIHOCTH
3asBJICHHOTO U300 peTenus. CleqoBaTeIbHO, U300 PETEHHE JOJDKHO OBITh OT PAHUYEHO TOJIBKO
YKa3aHHBIM 00BeMOM (hOPMYIIBI H300PETEHUS.

Dopmyiia u300peTeHEs

1. Cucrema OXJTaXKIeHUS T8l 3MEKTPOHHOTO O510Ka 220/80 300 pakeHu s, UMEIOIIETO TIepe
¥ 331, IPHYEM CUCTEMA COAEPKUT MEPETHIOIO MOBEPXHOCTD 221 aucruiest, MPOCTPAHCTBEHHO
PAa3HECEHHYIO C MEPEAOM IEKTPOHHOTO Onoka 220/80 uzobpaskenus, kanain 290,
ONIPeACNICHHBIN MPOCTPAHCTBOM MEXIY NMEePeIHeH TOBEPXHOCTRIO 221 QUCILIeS U IEPEAOM
3JIEKTPOHHOTO O5moka 220/80 nzobpaskeHus:, TEINI00OMeHHNK 201, HAaXOAAIMHICS B Ta30BOM
CBSI3U C KaHAJIOM 290, TIpU 3TOM TETUIOOOMEHHIK UMEET MEPBBII ¥ BTOPOM ITPOXO/IbI /IS Fa3a,
IIPUYEM IIEPBBIM IIPOXOI AJIsl ra3a HAXOMUTCS B TA30BOM CBSA3H C KaHaIIoM 29(), TIepBbIit 610K
202/410 BeHTUIATOPA, PACIIOIOXKEHHBIHM TAK, YTOOBI HATHETATH HUPKYIUPYIouwmit raz 210/
400 B kana 290 1 IepBBIM MPOXOA V1A ra3a, U BTopoi 610k 203/50 BeHTHISTODA,
PACHONOXKEHHBIN TaK, 9TOOBI HarHeTaTh ras 211/3 10 okpyxarolet cpeapl BO BTOPO Tpoxoa
JUTst Tasa.

2. CucreMa OXJIAXIEHHUS 110 1. 1, B KOTOpO# TerrooOMeHHUK 201 mpeacTaBisieT codoit
TEMJIOOOMEHHHUK C IIEPECEKAIOLIMMHCS HATPABIEHUSIMH TOTOKOB.

3. CucteMa OXJTAXKACHUS TI0 T1. |, JOTIONMHUTENBHO coAepkalnas mractuny 10,
MPOCTPAHCTBEHHO PA3HECEHHYIO C 3a10M 3JIEKTPOHHOTO 0J10Ka 220/80 u300paskeHusi, BTOPOi
KaHaJ 225, onpeneaeHHbBIM TPOCTPAHCTBOM MEXAY TIACTHHOM 10 U 3aA0M 31€KTPOHHOTO
omoka 220/80 uzobpaxeHus:, U TpeTuit 6110k 204 BEHTUASTOPA JOTOIHUTENBHO PACITONONKEH
Tak, yToObI HATHETATH ra3 212/300 okpykarouieit Cpeasl BO BTOPOIt KaHat 225,
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4. CucteMa OXJIKICHUS TI0 1. 3, AOTIOTHHUTEIBHO COAEPKAIAS MOOYIIb IIUTAHUS,
HAXOZSIIHIACS B IIEKTPHISCKOM CBSI3H C MK TPOHHBIM 6110k0oM 220/80 n3odparkeHus, ©
TCILJIOOTBO O 12, HaXOD;iHJ.IHﬁCﬂ B TCILJIOBOM KOHTAKTC C MOAYJICM TTUTAHUSA U paSMGH_[CHHBIfI
BHYTPH BTOPOTO KaHaJja 225.

5. CucteMa OXNaXXaACHUS 1O JTIO0OMY U3 T, 3 WiH 4, JOTIOTHUATENBHO COAePKaIast
MHOXECTBO pedep 18, pa3zMeIlieHHBIX BHYTPH BTOPOTO KaHama 225.

6. BIOK 37IeKTPOHHOIrO AUCTIIES], COAEPKALIUA 3IeKTPOHHBIM 010K 220/80 usobpaxenus,
H30JIUPYIOMYIO KOHCTPYKIMIO 9, TPOCTPAHCTBEHHO PA3HECEHHYIO C AEKTPOHHBIM OJTOKOM
220/80 uzobpaxenusi, kKauaj 15/225, onpeneneHHbl TPOCTPAHCTBOM MEX1Y H3OJIUPYIOIICH
KOHCTDYKIMEHN 9 ¥ 31eKTPOHHBIM 010K0M 220/80 n306paskeHysi, MOAY/Ib ITUTAHUS, UMEIOITHIL
3JIEKTPOHHBIE KOMIIOHEHTBHI 5 Ha TIEPBOY CTOPOHE U TEILIOOTBOA 12 HA BTOPOH CTOPOHE, TIPHU
5TOM MOJYAb MUTAHUS IPUKPEIUIEH K U30JUPYIOMiell KOHCTPYKIMK 9 Tak, YTO TEIUIOOTBOA,
12 Haxoaurcst BHYTpH KaHasia 15/225, a sneKTpOHHBIE KOMIIOHEHTHI 5 HAXOOATCs CHAPYKH
KaHamna 15/225, u BeHTrisiTop 204, pacoI0KeHHbBIN TaK, YTOOBI BTATHBATH Ta3 OKPYKAIOIISH
cpensl B kaHan 15/225.

7. BIIOK 2[IeKTpOHHOTO AUCIUIES TIO T1. 6, JOTOHUTEIFHO COIEeP AU pedpo 18,
PAacroa0XECHHOE BHYTPH KaHana 15/225 u B TENJIOBOM KOHTAKTE C U30JUPYIOLIEH
KOHCTPYKIHMEH 9.

8. BI0OK 2/IEKTPOHHOTO AUCTIIES 1O 1. 7, JOTOHUTEIBHO COAEPKAIINH TOBEPXHOCTH 500,
PACIIOIOKEHHYIO BHYTpY KaHaaa 15/225 U B TEIIIOBOM KOHTAKTE C 3JIEKTPOHHBIM OJIOKOM
220/80 n3o0b6paskenus u peopom 18.

9. BAOK 31K TPOHHOTO AUCIUIES TIO JIIO0OMY U3 MIL 6, 7 UH 8, B KOTOPOM 3IEKTPOHHBIN
ook 220/80 uzobpakeHus MIPEACTABASIET COOOM KUIAKOKPUCTAJLITNYECKUN TUCTIIEH.

10. B1OK 371€KTPOHHOTO AUCIUISS MO JII000MY U3 n1i. 6, 7 Wiu 8, B KOTOPOM 3JIeKTPOHHBIN
ook 220/80 w300 paxxenus ipeacTanaseT cobdo aucreit OLED.

11. BaoK 3MeKTPOHHOTO AUCILICS, COOASPIKA LI 3MeKTPOHHbIN 6710k 220/80 nsobpaxkenus,
MMEIOIIHN TIepell U 3a1, MoBepXHOCTh 500 c3aam 2j1eKTpOoHHOTO Ooka 220/80 uzobpaxkeHus
¥ B TEIJIOBOM KOHTAKTE C 3MEKTPOHHBIM O510K0M 220/80 n300paxenns, uiacTuHy 10,
MIPOCTPAHCTBEHHO PA3HECEHHYIO C MOBEPXHOCTHIO 500, mepBhIil KaHal 225, OnpeaeIeHHbIH
MIPOCTPAHCTBOM MEXAy TwtacTHHOM 10 u moBepxHOCTHIO 500, Moayas 900 muraHus,
HAXOOSAIIHACA B 3TEKTPUUECKOM CBSI3H C IJIEKTPOHHBIM O10KOM 220/80 U300 pakeHUs U B
TEMJIOBOM KOHTAKTE C INacTHHOH 10, ¥ nepBhiif BEHTWIATOD 204, PACMONIOKEHHBIA TaK,
4yTOOBI BTATMBATH T'a3 OKPYXKAIOIIEH Cpeabl B IEPBbIM KaHa 225.

12. Bnok 31eKTPOHHOTO AMCILIes 110 1. 11, JOTIOMHUTENBHO conaepKaluii pedpo 18,
pasMellleHHOe BHYTPH IIEPBOTO KaHala 225 U B TeIJIOBOM KOHTAaKTe ¢ IacTuHoi 10 u
nosepxHocTHIO 500.

13. BJIOK 31¢KTPOHHOTO AUCILICS 10 M. 12, JOMOJMHUTEIBHO COACPKAIIUN ICPEIHIOIO
MOBEPXHOCTH 221 auctiesi, MPOCTPAHCTBEHHO PA3ZHECEHHYIO C MTEPEIOM IEKTPOHHOTO OIoKa
220/80 m3006pakeHus1, BTOpOU KaHal 290, onipeaeseHHbBIN ITPOCTPAHCTBOM MEXKY Tepeaaeit
MMOBEPXHOCTHIO 221 OUCILISS U IEPEAOM NIEKTPOHHOTO Ooka 220/80 uzobpakeHus,
TermnooOMeHHUK 201, HaXOASIINICS B TA30BOM CBSI3H CO BTOPBIM KaHalloM 290, npuueM
TemnooOMeHHUK 290 UMeeT MePBBIN U BTOPON MPOXOABI [JIs ra3a, IPH 3TOM HEPBBIA TPOX0q
JUTs Ta3a HAXOOUTCsl B Ta30BOI CBSA3U CO BTOPBIM KaHanoMm 290, sTopoit BeHTuisaTop 203/50,
PacHONIOKEeHHBIN TaK, YTOOBI HarHeTaTh ras 211/310 okpy:xaloliei cpeapl BO BTOPOM IIPOXOI
JUIsI Ta3a, ¥ TpeTuil BeHTHIATOp 202/410, pacioioXKeHHbIH TaK, 9TOOBI HATHETATH
HupKyaupyromuii raz 210/400 Bo BTOpoit kaHaa 290 U nepBeIi OPOXOA A8 Tasa.

14. BaoK 3eKTPOHHOTO AUCILIES IO JTII0O0MY U3 1L, 11-13, B KOTOPOM 37IeKTPOHHBIHN OJI0K
220/80 w3ob6paxkenusa npeactasaseT coboit KK .

Crp.: 20

SEC et al. v. MRI
SEC Exhibit 1022.4693
IPR2023-00221



10

is

30

35

40

45

RU 2513043 C2

15. BiIOK 3MeKTPOHHOTO JUCTLIES TT0 JIIOOOMY U3 1. 11-13, B KOTOPOM 3IE€KTPOHHBIN OIT0K

220/80 uzobparkenus npeacrasisier codoit OLED.
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FIG-1

(57) Abstract: A pair of electronic dis-
plays (30 and 31 ) are placed back to
back and are configured for mounting to
a vehicle. A pair of thermal plates (126
and 127) are located behind the electron-
ic displays and a pair of transparent
plates (35 and 36) are located in front of
the electronic displays. A closed loop of
air travels vertically through the space
between the electronic displays and
transparent panels and through a closed
loop plenum. An open loop of air travels
horizontally through the space between
thermal plates and the rear surface of the
electronic displays.
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COOLING SYSTEM FOR DOUBLE SIDED DISPLAY ASSEMBLY

Inventor(s): Marcos Diaz

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The application claims the benefit of US Provisional Patent Application
No. 62/303,806 filed on March 4, 2016, which is hereby incorporated by reference in
its entirety.

TECHNICAL FIELD

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

BACKGROUND

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

SUMMARY OF THE INVENTIVE CONCEPT

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

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

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

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

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

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

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

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENT(S)

[0012] The invention is 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
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complete, and will fully convey the scope of the invention to those skilled in the art. In
the drawings, the size and relative sizes of layers and regions may be exaggerated
for clarity.

[0013] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein,
the singular forms "a", "an” and "the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the
terms "comprises” and/or "comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, elements, and/ or
components, but do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components, and/or groups thereof.

[0014] Embodiments of the invention are described herein with reference to
illustrations that are schematic illustrations of idealized embodiments (and
intermediate structures) of the invention. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing techniques and/or tolerances,
are to be expected. Thus, embodiments of the invention should not be construed as
limited to the particular shapes of regions illustrated herein but are to include
deviations in shapes that result, for example, from manufacturing.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

by the scope of the claims.
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CLAIMS
WHAT IS CLAIMED IS:
1. A display assembly for mounting on a vehicle comprising:

a first and second electronic display positioned back to back;

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

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

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

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

a plenum located between the first and second electronic displays and

in gaseous communication with the channels; and

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

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

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

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

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

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

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

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

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

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

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

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

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

9. The display assembly of claim 8, wherein:

the open loop pathway further comprises:

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

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

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

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

separating the open loop pathways from the closed loop pathway.
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electronic displays (illustrated figure 2A); an open loop pathway located between the first and second electronic displays and configured
to receive ambient air (illustrated figure 2B}); a closed loop pathway configured to receive circulating gas and comprising: a first and
second channel! defined by the first and second transparent panels and the first and second electronic displays (closed lcop pathway
configured to receive circulating gas and comprises left and right channels defined by the panels, figure 3C), respectively, and a plenum
located between the first and second electronic displays and in gaseous communication with the channels (illustrated at 300 in figure
3C).

Since the common technical features were previocusly disclosed by DUNN, they are not special and groups | & Il lack unity.

Form PCT/ISA/210 (extra sheet) {January 2015)
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The sxemplary embodiments hersin comprise a back 0 back slectronic display
assembly having a first display assembly positioned back o back with a second display
assembly. A plenum is preferably positionad in betweaer the first and second display
assamblias with a first gap defined batwean the plenum and the first display assembly
and a second gap defined between the plenum and the second display assembly. A fan
is preferably positioned {o force alr through the first and second gaps. A plenum fan
may be used o circulate air arocund the plenum. Preferably, the second display
assembly can move relative o the first display assembily {0 provide access o the
interior of the plenum.
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