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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 1 O 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 1 00 may be 

affixed within or near the electronics cavity 16. In exemplary embodiments the 

heat exchanger 100 may be a cross flow heat exchanger, but other types of heat 

exchangers can be used, especially counter flow heat exchangers and others. A 

series of electronic components 105 may also be affixed within the electronics 

cavity 16. As will be explained in greater detail in subsequent figures, open loop 

fluid 400, such as an external air, may circulate through the heat exchanger 100. 

Closed loop fluid, such as a circulating gas 700 may circulate through the 

electronics cavity, as well as over and through electronic components 105, and 

through heat exchanger 1 00. 

[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 1 04 or other substantially planar object may be placed 

behind the backlight 1 06 in order to create a channel 102 for accepting open loop 

fluid 400. Preferably, the channel 1 02 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 11 0 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 1 02, down the right side interior channel 22, and exhausting out of the 

portion of the gap 45 (and optional rear gap 44) that is used as an exhaust for the 

fluid 400. It should be noted that the left and right side interior channels 21 and 

22 are optional as an alternative embodiment would include the following path for 

open loop fluid 400: into the portion of gap 45 (and optional rear gap 44) that is 

generally used as in intake for ambient air (filtered or unfiltered), across/through 
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channel 102, and exhausting out of the portion of the gap 45 (and optional rear 

gap 44) that is used as an exhaust for the fluid 400. 

[0065] FIGURE 12C is a top sectional view taken along section line H-H of FIG. 

11 and indicates Detail R. In this embodiment, this figure shows the area of the 

gap 45 (and optional rear gap 44) that is designated as the exhaust of the open 

loop fluid 400. 

[0066] FIGURE 13A illustrates the ingestion of open loop fluid 400 via rear gap 44. 

The open loop fluid 400 may pass through an optional door stiffener 115 via 

aperture 122. 

[0067] FIGURE 13B illustrates an exemplary embodiment of the assembly within 

the region of the optional buffer zone 46. In this embodiment, buffer zone 46 may 

comprise essentially an area at, near, or within the gap 45 (and optional rear gap 

44) that contains one or more fluid-blocking plugs which are placed along the path 

of open loop fluid 400 so that it may not pass through in any substantial amount. 

In exemplary embodiments, the buffer zone 46 would contain the channel 

septums 130 along with the central septum 140, but some embodiments would 

utilize only the channel septum 130 (if the embodiment does not permit fluid 400 

to flow through the door stiffeners). In some embodiments, rather than placing 

the channel septums 130 within the right and left side channels 18 and 19, the 

buffer zone 46 may contain a plug that is positioned near or at the end of the gap 

44. Generally speaking, the buffer zone is horizontal and is placed near the 

vertical centerline of the assembly 5, although it could be placed near the top or 

bottom of the assembly 5. 

[0068] It is notable that the buffer zone 46 should exist on both lateral sides of the 

assembly 5, as well as both on the front and rear of the assembly 5 (if using the 

rear gap 44) such that the buffer zone 46 blocks a portion of the front gap 45 (and 

the rear gap 44) on both the right and left sides of the assembly 5. 

[0069] FIGURE 13C illustrates the exhaustion of open loop fluid 400 via rear gap 

44. The open loop fluid 400 may pass through a door stiffener 115 via aperture 

122. 
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[0070] It should be noted that although Figures 13A-13C illustrate the rear gap 44, 

in an exemplary embodiment the front gap 45 has a similar orientation as to the 

rear gap 44. It has not been shown here as it would be substantially duplicative. 

[0071] FIGURE 14 illustrates the combined areas of the gap 45 and the rear gap 

44, as indicated by the cross hatched area. In exemplary embodiments, outside 

of the buffer zone 46, the cross hatched area allows the flow of open loop fluid 

400 either into or out of the gap 45 (and the optional rear gap 44). 

[0072] FIGURE 15 illustrates the assembly 5 in isolation from the free standing 

display housing 15. A door stiffener 120 may be affixed immediately behind the 

front panel 10. In some embodiments, the door stiffener 120 may be affixed to a 

rear surface of the front panel 10. The door stiffener 120 may run substantially 

the perimeter of the front panel 1 0. The door stiffener 120 may be comprised of 

a metallic or other material suitably rigid to provide structural rigidity and strength 

to the assembly 5. The door stiffener 120 may comprise a series of apertures 125 

that permit the flow of open loop fluid 400. The illustrated door stiffener apertures 

125 are merely exemplary. Any number and shape of apertures 125 are 

contemplated. 

[0073] FIGURE 16 illustrates the rear panel 60 in isolation. In exemplary 

embodiments, rear door stiffeners 115 may be affixed around the perimeter edges 

of the rear panel 60, thereby framing rear panel 60. A door cavity 17 may be 

defined by the space between the rear panel 60, the interior surfaces of rear door 

stiffeners 115, and the interior rear panel 80 (not shown in the current figure). 

Open loop fluid 400 ingested via the rear gap 44 may be considered open loop 

fluid 400b once it travels through the rear door stiffeners 115 via apertures 122 

into the door cavity 17. The illustrated apertures 122 are merely exemplary, any 

number and shape of apertures is contemplated. Optional stiffeners 110 in the 

form of elongate members may extend substantially the length of the rear panel 

60. The optional stiffeners 110 may be comprised of a metal, a polymer, or other 

material suitably rigid to provide structural rigidity and strength to the rear panel 

60. The optional stiffeners 11 0 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 11 O 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 1 02, and exhausted out of 

right side channel 19. 

[0075] FIGURE 17 illustrates, via flow lines, the circulation of open loop fluid 400a 

through the front and rear of assembly 5. Open loop fluid may be ingested via the 

gap 45, travel through the door stiffener 120 via the apertures 125 and travel 

vertically through the right side channel 19 sometimes defined in part by the right 

side interior channel 22 and side beam 90. Similarly, the open loop fluid 400a may 

be ingested via the rear gap 44, travel through the door stiffener 115 via the 

apertures 122, through optional stiffeners 110 via aperture 135, and enter the right 

side channel 19. On the opposite side of the assembly 5, a similar route may be 

taken whereby the open loop fluid ultimately enters a left side channel 18 

sometimes defined in part by the left side interior channel 21 and post 20. 

[0076] A substantially identical flow path in reverse may be taken for exhaustion 

of the open loop fluid at on the opposite end of the assembly 5. Again, in 

exemplary embodiments, ingestion takes place in the upper half or assembly 5 

and exhaustion takes place in the lower half of assembly 5. In other embodiments, 

ingestion takes place in the lower half and exhaustion in the upper half of the 

assembly 5. In still other embodiments, ingestion may take place on the right side 

while exhaustion takes place on the left side with the buffer zone 46 placed at the 

top and bottom edges of the assembly to prevent cross inhalation of the two flow 

paths. 
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[0077] FIGURE 18 illustrates an exemplary flow path for the open loop fluid 400 

after being ingested via the gap 45 and the rear gap 44. The open loop fluid 400 

which is ingested via the rear gap 44 may travel along the door cavity 17 between 

the optional door stiffeners 11 O 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 1 02. 

[0083] One or more circulating fans 32 are used to force circulating gas 700 across 

the electronic components and through the closed loop gas pathways of the heat 

exchanger 100, as well as between the electronic display 70 and the front panel 

10, forming a closed loop. In this embodiment, the circulating gas 700 passes 

through the opening within the pass through gasket 200 while the open loop fluid 

400 travels around the pass through gasket, substantially ensuring that the open 

loop fluid 400 and circulating gas 700 do not mix. This design can be flipped 

however, where , the circulating gas 700 travels around the pass through gasket 

200 while the external air 400 travels through the pass through gasket 200. 

[0084] A portion of the flow of open loop fluid 400 is shown traversing the left side 

interior channel 21 and passing by the cross through gasket 200 in order to enter 

the channel 102 that runs behind the electronic display 70 (here behind the 

backlight 106). The channel102 is preferably defined as the space between the 

rear surface of the electronic display 70 (here behind the backlight 106) and a 

plate 104. A preferably corrugated and preferably continuous heat sink is ideally 

placed within the channel in order to facilitate the conductive transfer of heat from 

the electronic display 101 to the continuous heat sink, to be removed by 

convection with the open loop fluid 400. 

[0085] The heat exchanger 1 00 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 1 00 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 1 00 may be a 

cross-flow, parallel flow, or counter-flow heat exchanger. In an exemplary 

embodiment, the heat exchanger 100 would be comprised of a plurality of stacked 

layers of thin plates. The plates may have a corrugated, honeycomb, or tubular 

design, where a plurality of channels/pathways/tubes travel down the plate length­

wise. The plates may be stacked such that the directions of the pathways are 

alternated with each adjacent plate, so that each plate's pathways are 

substantially perpendicular to the pathways of the adjacent plates. Thus, external 

air or circulating gas may enter an exemplary heat exchanger only through plates 

whose channels or pathways travel parallel to the path of the gas. Because the 

plates are alternated, the circulating gas and open loop fluid may travel in plates 

which are adjacent to one another and heat may be transferred between the two 

gases without mixing the gases themselves (if the heat exchanger is adequately 

sealed, which is preferable). 

[0088] In an alternative design for a heat exchanger, an open channel may be 

placed in between a pair of corrugated, honeycomb, or tubular plates. The open 

channel may travel in a direction which is perpendicular to the pathways of the 

adjacent plates. This open channel may be created by running two strips of 

material or tape (esp. very high bond (VHB) tape) between two opposite edges of 

the plates in a direction that is perpendicular to the direction of the pathways in 

the adjacent plates. Thus, gas entering the heat exchanger in a first direction may 

travel through the open channel (parallel to the strips or tape). Gas which is 

entering in a second direction (substantially perpendicular to the first direction) 

would travel through the pathways of the adjacent plates). 

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

which contain the first gas and travel perpendicular to the path of the second gas. 
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As the second gas flows over the tubes containing the first gas, heat is exchanged 

between the two gases. Obviously, there are many types of cross-flow heat 

exchangers and any type would work with the embodiments herein. 

[0090] An exemplary heat exchanger may have plates where the sidewalls have 

a relatively low thermal resistance so that heat can easily be exchanged between 

the two gases. A number of materials can be used to create the heat exchanger. 

Preferably, the material used should be corrosion resistant, rot resistant, light 

weight, and inexpensive. Metals are typically used for heat exchangers because 

of their high thermal conductivity and would work with these embodiments. 

However, it has been discovered that plastics and composites can also satisfy the 

thermal conditions for electronic displays. An exemplary embodiment would 

utilize polypropylene as the material for constructing the plates for the heat 

exchanger. It has been found that although polypropylene may seem like a poor 

thermal conductor, the large amount of surface area relative to a small sidewall 

thickness, results in an overall thermal resistance that is low. Thus, an exemplary 

heat exchanger would be made of plastic and would thus produce a display 

assembly that is thin and lightweight. Specifically, corrugated plastic may be used 

for each plate layer where they are stacked together in alternating fashion (i.e. 

each adjacent plate has channels which travel in a direction perpendicular to the 

surrounding plates). 

[0091] In an exemplary embodiment, the electronic display 70 would be a direct 

LED backlit LCD where the LED backlight would contain a plurality of LEDs 

mounted on a thermally conductive substrate (preferably a metal core PCB). The 

rear surface of the LED backlight would preferably contain a thermally conductive 

plate which may be in conductive thermal communication with the channel 102. 

[0092] The circulating gas 700 and open loop fluid 400 can be any number of 

gaseous matters. In some embodiments, air may be used as the gas for all. 

Preferably, because the circulating gas 700 travels in front of the electronic display 

70 it should be substantially clear, so that it will not affect the appearance of the 

image to a viewer. The circulating gas 700 should also preferably be substantially 
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free of contaminates and/or particulate (ex. dust, dirt, pollen, water vapor, smoke, 

etc.) in order to prevent an adverse effect on the image quality and/or damage to 

the internal electronic components. Generally speaking, exemplary embodiments 

would utilize ambient air as the open loop fluid 400. 

[0093] The cooling system may run continuously. However, if desired, 

temperature sensing devices may be incorporated within the electronic display to 

detect when temperatures have reached a predetermined threshold value. In 

such a case, the various cooling fans may be selectively engaged when the 

temperature in the display reaches a predetermined value. Predetermined 

thresholds may be selected and the system may be configured to advantageously 

keep the display within an acceptable temperature range. Typical thermostat 

assemblies can be used to accomplish this task. Thermocouples may be used as 

the temperature sensing devices. 

[0094] FIGURES 23 through 25 illustrate a central septum 140 which is preferably 

positioned substantially horizontally and near the vertical centerline of the 

assembly 5, although embodiments could also place them near the top or bottom 

of the assembly 5, away from the vertical centerline that extends along 

substantially the midline of the front surface of the rear panel 60. A right channel 

septum 130 extends substantially along the midline of the right side interior edge 

of the free standing display housing 15 such that it is generally aligned with the 

central septum 140. Similarly, a left channel septum 130 may be affixed on the 

left side interior edge of the assembly 5 such that it is aligned with the central 

septum 140. 

[0095] The central septum 140, the right channel septum 130, and the left channel 

septum 130 (hereinafter collectively the "horizontal partition") may be configured 

to substantially divide the door cavity 17 into an upper and lower half. The 

horizontal partition may be configured such that it creates a substantially air-tight 

seal between the upper and lower halves of the door cavity 17. Optionally, the 

horizontal partition may further comprise an expandable material, such as 

polyurethane foam, utilized in conjunction with the horizontal partition to provide 
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the airtight seal between the upper and lower halves. In exemplary embodiments 

the central septum 140 may be comprised of a sufficiently flexible material, such 

as a polymer, to create an airtight seal in the door cavity 17. In alternate 

embodiments, the central septum 140 may be comprised of a rigid material. In 

exemplary embodiments, the right channel septum 130 and the left channel 

septum 130 may be rigid. 

[0096] In an exemplary embodiment, the open loop fluid 400 may be ingested via 

the gap 45 (and optional rear gap 44) in the upper half of the assembly 5. Said 

open loop fluid 400a may travel along the right side channel 19 until a portion of 

said fluid reaches the right channel septum 130 and is prevented from traveling 

beyond. Similarly, the open loop fluid 400a may travel along the left side channel 

18 until a portion of said fluid reaches the left side channel septum 130. Said 

portions of the open loop fluid may be forced to return vertically in the opposite 

direction and circulate through the upper half of right side channel 19 and the left 

side channel 18, respectively, until eventually being ingested via the intake 

apertures 65 and 75, as discussed in the previous figures. 

[0097] In a similar fashion, open loop fluid 400b which travels along the door cavity 

17 may travel vertically until a portion of said fluid 400b reaches central septum 

140 and is prevented from traveling beyond. In this way, fluid 400b which has 

been ingested (but has not traveled through the heat exchanger 100 or the 

channel 102) cannot mix with the fluid 400b which has travelled through the heat 

exchanger 100 or the channel 102 and needs to be exhausted out of the gap 45 

(and optional rear gap 44). 

[0098] As also discussed in the previous figures, the open loop fluid 400 may 

circulate through the optional heat exchanger 100 until eventually being 

exhausted via the exhaust apertures 85. The open loop fluid 400 may then 

eventually return to the right side channel 19 or the left side channel 18 and travel 

vertically therein. The right channel septum 130 and the left channel septum 130, 

respectively, may prevent said open loop fluid from traveling beyond the midline 

of assembly 5 and thereby prevent the open loop fluid from each half of the 
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assembly 5 from becoming mixed. That is, open loop fluid not yet ingested via 

the intake apertures 65 and 75 may not be mixed with open loop fluid already 

ingested via said intake apertures 65 and 75. The open loop fluid encountering 

the right side septum 130 and the left side septum 130, respectively, may be 

forced to return vertically in the opposite direction until eventually being exhausted 

from the assembly 5 via the gap 45 (and optional rear gap 44). 

[0099] FIGURE 26A and FIGURE 268 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 (OLEO), 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 OLEO 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; 

PCT/US2016/017973 

a housing and front panel which surround the electronic display; 

an ingestion gap positioned along a portion of a perimeter of the front panel; 

an exhaustion gap positioned along a portion of a perimeter of the front 

panel; 

a channel positioned behind the electronic display; 

a first gaseous pathway for open loop fluid to travel from the ingestion gap 

to the channel; 

a second gaseous pathway for open loop fluid to travel from the channel to 

the exhaustion gap; and 

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

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

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

3. The electronic display assembly of claim 1 wherein: 

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

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

a central septum placed within the buffer zone. 

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

a first side channel positioned vertically and forming at least a portion of 

the first gaseous pathway; and 

a second side channel positioned vertically and forming at least a portion 

of the second gaseous pathway. 
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6. The electronic display assembly of claim 5 further comprising: 

a channel septum placed within the first side channel. 

7. The electronic display assembly of claim 6 wherein: 

PCT/US2016/017973 

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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(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/m2 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 1 B 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 1 B 

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 1 B. 

[0017] FIGURE 4 provides a perspective sectional view along the B-B section line 

shown in Figure 1 B. 

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

[0019] FIGURE 6 provides a perspective sectional view of one embodiment of the 

cross through plate. 

[0020] FIGURE 7 provides an exploded perspective view of one exemplary 

embodiment of the heat exchanger and fan assembly. 

[0021] FIGURE 8 provides a perspective sectional view of another embodiment which 

uses a flow of circulating gas through the backlight cavity of a liquid crystal display 

(LCD). 

[0022] FIGURE 9 provides a perspective sectional view of an exemplary embodiment 

which uses a flow of circulating gas through the backlight cavity in addition to the flow of 

circulating gas between the LCD and front plate. 

Detailed Description 

[0023] The invention is described more fully hereinafter with reference to the 

accompanying drawings, in which exemplary embodiments of the invention are shown. 

This invention may, however, be embodied in many different forms and should not be 

construed as limited to the exemplary embodiments set forth herein. Rather, these 

embodiments are provided so that this disclosure will be thorough and complete, and 

will fully convey the scope of the invention to those skilled in the art. In the drawings, 

the size and relative sizes of layers and regions may be exaggerated for clarity. 

[0024] It will be understood that when an element or layer is referred to as being "on'' 

another element or layer, the element or layer can be directly on another element or 

layer or intervening elements or layers. In contrast, when an element is referred to as 

being "directly on" another element or layer, there are no intervening elements or layers 

present. Like numbers refer to like elements throughout. As used herein, the term 

"and/or" includes any and all combinations of one or more of the associated listed 

items. 
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[0025] It will be understood that, although the terms first, second, third, etc., may be 

used herein to describe various elements, components, regions, layers and/or sections, 

these elements, components, regions, layers and/or sections should not be limited by 

these terms. These terms are only used to distinguish one element, component, region, 

layer or section from another region, layer or section. Thus, a first element, component, 

region, layer or section discussed below could be termed a second element, 

component, region, layer or section without departing from the teachings of the present 

invention. 

[0026] Spatially relative terms, such as "lower", "upper" and the like, may be used 

herein for ease of description to describe the relationship of one element or feature to 

another element(s) or feature(s) as illustrated in the figures. It will be understood that 

the spatially relative terms are intended to encompass different orientations of the 

device in use or operation, in addition to the orientation depicted in the figures. For 

example, if the device in the figures is turned over, elements described as "lower" 

relative to other elements or features would then be oriented "upper" relative the other 

elements or features. Thus, the exemplary term "lower" can encompass both an 

orientation of above and below. The device may be otherwise oriented (rotated 90 

degrees or at other orientations) and the spatially relative descriptors used herein 

interpreted accordingly. 

[0027] The terminology used herein is for the purpose of describing particular 

embodiments only and is not intended to be limiting of the invention. As used herein, 

the singular forms "a", "an" and "the" are intended to include the plural forms as well, 

unless the context clearly indicates otherwise. It will be further understood that the 

terms "comprises" and/or "comprising," when used in this specification, specify the 

presence of stated features, integers, steps, operations, elements, and/ or components, 

but do not preclude the presence or addition of one or more other features, integers, 

steps, operations, elements, components, and/or groups thereof. 

[0028] Embodiments of the invention are described herein with reference to cross­

section illustrations that are schematic illustrations of idealized embodiments (and 

intermediate structures) of the invention. As such, variations from the shapes of the 

illustrations as a result, for example, of manufacturing techniques and/or tolerances, are 
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to be expected. Thus, embodiments of the invention should not be construed as limited 

to the particular shapes of regions illustrated herein but are to include deviations in 

shapes that result, for example, from manufacturing. 

[0029] For example, an implanted region illustrated as a rectangle will, typically, have 

rounded or curved features and/or a gradient of implant concentration at its edges 

rather than a binary change from implanted to non-implanted region. Likewise, a buried 

region formed by implantation may result in some implantation in the region between 

the buried region and the surface through which the implantation takes place. Thus, the 

regions illustrated in the figures are schematic in nature and their shapes are not 

intended to illustrate the actual shape of a region of a device and are not intended to 

limit the scope of the invention. 

[0030] Unless otherwise defined, all terms (including technical and scientific terms) 

used herein have the same meaning as commonly understood by one of ordinary skill 

in the art to which this invention belongs. It will be further understood that terms, such 

as those defined in commonly used dictionaries, should be interpreted as having a 

meaning that is consistent with their meaning in the context of the relevant art and will 

not be interpreted in an idealized or overly formal sense unless expressly so defined 

herein. 

[0031] FIGURE 1A provides a front perspective view of an exemplary embodiment of 

the electronic display 100. A transparent front plate 10 is placed on the front portion of 

the display to protect the internal components and allow the images produced by the 

display 100 to be seen. Some embodiments may use glass as the transparent front 

plate 10. Exemplary embodiments may use two pieces of glass laminated with index­

matching optical adhesive. Some front plates 10 may provide other utility such as anti­

reflection or polarizing functions. An inlet aperture 24 and exit aperture 25 may be 

provided in the housing so that the display 1 00 can accept ambient gas for cooling the 

display 100. 

[0032] FIGURE 1 B provides a rear perspective view of an exemplary embodiment 

of the electronic display 1 00. 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 1 B 

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 21 O 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 21 O 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 1 B. 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 1 B. In this view, the path of the circulating gas 250 can also be 

observed. The space between the front plate 1 0 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 cross through plate 500 contains two gaseous pathways 

where the two pathways do not allow the gaseous matter to mix. Here, the first gas 

pathway would be 525 while the second gas pathway would be 550. 

[0045] FIGURE 7 provides an exploded perspective view of one exemplary 

embodiment of the heat exchanger 45 and fan assembly 46. In this view, the fan 

assembly 46 is shown removed from its mounted position within the fan housing 51. In 

this embodiment, the heat exchanger 45 is divided into two portions 47 and 48 where 

the fan housing 51 is used to provide a gaseous communication between the two 

portions 47 and 48. Here, the fan assembly 46 is placed between the two portions 47 

and 48. While the fan assembly 46 can be placed anywhere so that it draws ambient 

gas 200 through the heat exchanger 45, it has been found that placing the fan 

assembly 46 between the two portions of the heat exchanger can provide a number of 

benefits. First, the volumetric flow rate of the ambient gas 200 through the heat 

exchanger is high, which results in better cooling capabilities for the heat exchanger 45. 

Second, the noise produced by the fan assembly 46 can be reduced because the 

surrounding portions 47 and 48 of the heat exchanger 45 essentially act as a muffler for 

the fan assembly 46. 

[0046] In this embodiment, portion 48 is thinner and longer than portion 47. This was 

done in order to free up more space within the housing so that additional electronic 

components could fit within the housing (adjacent to portion 48). As shown, the fan 

housing 51 may be used to connect two portions of a heat exchanger which may be of 

different lengths. As shown, portion 48 of the heat exchanger is thinner than the fan 

housing 51. In an alternative embodiment, both portions 48 and 47 may be thinner than 

the fan assembly 46 such that a fan housing 51 may be used to provide a sealed 

gaseous communication between the two portions, even though they are both thinner 

than the fan assembly 51. This design may be preferable when it is desirable to create 

the largest possible heat exchanger 45 (for maximum cooling abilities) even though 
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space is limited. This is of course not required, and other embodiments may have 

portions which are of equal width and length. Also, although this embodiment uses the 

fan assembly 46 to drive the ambient gas 200, other embodiments could use a fan 

assembly placed within the heat exchanger to drive the circulating gas 250 instead and 

drive the ambient gas 200 with another fan assembly (possibly placed within the heat 

exchanger or located at the entrance/exit of the heat exchanger). Some exemplary 

embodiments may place fans within the heat exchanger 45 to drive both the ambient 

gas 200 and circulating gas 250. 

[0047] The ambient gas 200 travels through a first pathway (or plurality of pathways) 

of the heat exchanger 45 while the circulating gas 250 travels through a second 

pathway (or plurality of pathways) of the heat exchanger 45. Although not required, it is 

preferable that the circulating gas 250 and ambient gas 200 do not mix. This may 

prevent any contaminates and/or particulate that is present within the ambient gas 200 

from harming the interior of the display. In a preferred embodiment, the heat exchanger 

45 would be a cross-flow heat exchanger. However, many types of heat exchangers 

are known and can be used with any of the embodiments herein. The heat exchanger 

45 may be a cross-flow, parallel flow, or counter-flow heat exchanger. In an exemplary 

embodiment, the heat exchanger 45 would be comprised of a plurality of stacked layers 

of thin plates. The plates may have a corrugated, honeycomb, or tubular design, where 

a plurality of channels/pathways/tubes travel down the plate length-wise. The plates 

may be stacked such that the directions of the pathways are alternated with each 

adjacent plate, so that each plate's pathways are substantially perpendicular to the 

pathways of the adjacent plates. Thus, ambient gas or circulating gas may enter an 

exemplary heat exchanger only through plates whose channels or pathways travel 

parallel to the path of the gas. Because the plates are alternated, the circulating gas 

and ambient gas may travel in plates which are adjacent to one another and heat may 

be transferred between the two gases without mixing the gases themselves (if the heat 

exchanger is adequately sealed, which is preferable but not required). 

[0048] In an alternative design for a heat exchanger, an open channel may be placed 

in between a pair of corrugated, honeycomb, or tubular plates. The open channel may 

travel in a direction which is perpendicular to the pathways of the adjacent plates. This 
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open channel may be created by running two strips of material or tape (esp. very high 

bond (VHB) tape) between two opposite edges of the plates in a direction that is 

perpendicular to the direction of the pathways in the adjacent plates. Thus, gas 

entering the heat exchanger in a first direction may travel through the open channel 

(parallel to the strips or tape). Gas which is entering in a second direction (substantially 

perpendicular to the first direction) would travel through the pathways of the adjacent 

plates). 

[0049] Other types of cross-flow heat exchangers could include a plurality of tubes 

which contain the first gas and travel perpendicular to the path of the second gas. As 

the second gas flows over the tubes containing the first gas, heat is exchanged 

between the two gases. Obviously, there are many types of cross-flow heat 

exchangers and any type would work with the embodiments herein. 

[0050] An exemplary heat exchanger may have plates where the sidewalls have a 

relatively low thermal resistance so that heat can easily be exchanged between the two 

gases. A number of materials can be used to create the heat exchanger. Preferably, 

the material used should be corrosion resistant, rot resistant, light weight, and 

inexpensive. Metals are typically used for heat exchangers because of their high 

thermal conductivity and would work with these embodiments. However, it has been 

discovered that plastics and composites can also satisfy the thermal conditions for 

electronic displays. An exemplary embodiment would utilize polypropylene as the 

material for constructing the plates for the heat exchanger. It has been found that 

although polypropylene may seem like a poor thermal conductor, the large amount of 

surface area relative to a small sidewall thickness, results in an overall thermal 

resistance that is low. Thus, an exemplary heat exchanger would be made of plastic 

and would thus produce a display assembly that is thin and lightweight. Specifically, 

corrugated plastic may be used for each plate layer where they are stacked together in 

alternating fashion (i.e. each adjacent plate has channels which travel in a direction 

perpendicular to the surrounding plates). 

[0051] FIGURE 8 provides a perspective sectional view of another embodiment which 

uses a flow of circulating gas 350 through the backlight cavity of a liquid crystal display 

(LCD) 300. In this embodiment, a LCD 300 and an associated backlight 320 are used 
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as the electronic image assembly. A backlight wall 330 may enclose the area between 

the LCD 300 and the backlight 320 in order to create a backlight cavity. Typically, the 

backlight cavity is closed to prevent contaminates/particulate from entering the backlight 

cavity and disrupting the optical/electrical functions of the backlight 320. However, as 

discussed above the exemplary embodiments may use a clean gaseous matter for the 

circulating gases which could now be used to ventilate the backlight cavity in order to 

cool the backlight 320 and even the rear portion of the LCD 300. An opening 340 can 

be placed in the backlight wall 330 to allow circulating gas 350 to flow through the 

backlight cavity. A fan assembly 360 may be used to draw the circulating gas 350 

through the backlight cavity. In an exemplary embodiment there would be an opening 

on the opposing backlight wall (on the opposite side of the display as shown in this 

figure) so that circulating gas 350 could easily flow through the backlight cavity. In this 

way, the backlight cavity is placed in gaseous communication with the heat exchanger 

45. 

[0052] FIGURE 9 provides a perspective sectional view of an exemplary embodiment 

which uses a flow of circulating gas 350 through the backlight cavity in addition to the 

flow of circulating gas 250 through the front channel 251 (the area defined between the 

LCD 300 and front plate 10). Circulating fan assembly 255 may be placed so that it can 

draw circulating gas 350 through the backlight cavity as well as circulating gas 250 

through the front channel 251. As discussed above, the circulating gases 250 and 350 

are preferably forced through the heat exchanger 45 (not shown in this figure) so that 

they may be cooled by the ambient gas 200 (also not shown in this figure). In this way, 

both the front channel 251 and the backlight cavity are placed in gaseous 

communication with the heat exchanger 45. 

[0053] Also shown in Figure 9 is the optional additional flow of ambient gas 210 

which may travel immediately behind the electronic image assembly (in this 

embodiment backlight 320). Once travelling through the first manifold 30, the ambient 

gas 210 may pass through the channels 60 in order to remove heat from the backlight 

320 and even the channels 60 themselves (if they are thermally conductive). The 

manifold fan assembly 211 may be used to draw the ambient gas 210 into the first 

manifold 30 and through the channels 60. Again, the cross though plate 500 may be 
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used to allow the circulating gases 350 and 250 to cross paths with the ambient gas 

21 O 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 21 O 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 (OLEO), 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 OLEO 

displays. Exemplary embodiments may also utilize large (55 inches or more) LED 

backlit, high definition liquid crystal displays (LCD). While the embodiments described 

herein are well suited for outdoor environments, they may also be appropriate for indoor 
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applications (e.g., factory/industrial environments, spas, locker rooms) where thermal 

stability of the display may be a concern. 

[0059] As is well known in the art, electronic displays can be oriented in a portrait 

manner or landscape manner and either can be used with the embodiments herein. 

[0060] Having shown and described preferred embodiments, those skilled in the art 

will realize that many variations and modifications may be made to affect the described 

embodiments and still be within the scope of the claimed invention. Additionally, many 

of the elements indicated above may be altered or replaced by different elements which 

will provide the same result and fall within the spirit of the claimed invention. It is the 

intention, therefore, to limit the invention only as indicated by the scope of the claims. 
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CLAIMS 

1. An assembly for cooling an electronic image assembly within a housing having an 

inlet aperture for ambient gas, exit aperture for ambient gas, and internal cavity for 

circulating gas, the assembly comprising: 

a first portion of a heat exchanger which accepts ambient gas from the inlet 

aperture; 

a second portion of a heat exchanger which accepts ambient gas from the first 

portion; 

an first fan positioned between the first and second portions which pulls ambient 

gas through the first portion and pushes ambient gas through the second 

portion; 

a second fan which forces circulating gas through the internal cavity and at least 

one of the heat exchanger portions; 

a plurality of channels placed behind the electronic image assembly, each 

channel having an inlet and exit; 

a first manifold in gaseous communication with the inlet of each channel; 

a second manifold in gaseous communication with the exit of each channel; and 

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

2. A system for cooling an electronic image assembly with ambient gas, the system 

comprising: 

a plurality of channels placed behind the electronic image assembly, each 

channel having an inlet and exit; 

a first manifold in gaseous communication with the inlet of each channel; 

a second manifold in gaseous communication with the exit of each channel; and 

a fan positioned to force ambient gas through the channels. 

3. The cooling system of claim 2 wherein: 

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

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

electronic image assembly. 

5. The cooling system of claim 2 wherein: 

the fan is placed within either the first or second manifold. 

6. The cooling system of claim 2 wherein: 

the channels have a rectangular cross-section. 

7. The cooling system of claim 2 wherein: 

the channels are arranged in horizontal rows. 

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

the cooling channels are metallic. 

9. The cooling system of claim 2 further comprising: 

a front plate placed in front of the electronic image assembly, the space between 

the front plate and the electronic image assembly defining a front channel; 

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

a pass through plate having a first pathway for ambient gas travelling through the 

plurality of channels behind the electronic image assembly and a second 

pathway for circulating gas travelling through the front channel. 

10. The cooling system of claim 9 wherein: 

the first and second gas pathways are substantially perpendicular. 

11. The cooling system of claim 9 wherein: 

the first and second gas pathways do not allow the ambient gas and circulating 

gas to mix. 

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

13. An electronic display assembly comprising: 

a housing; 

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

opposing edges; 

an inlet aperture in the housing for accepting ambient gas; 

an exhaust aperture in the housing for exhausting ambient gas; 

a plurality of channels placed behind the electronic image assembly; 

a first manifold placed along one of the opposing edges which accepts ambient 

gas from the inlet aperture and distributes ambient gas to the plurality of 

channels; 

a second manifold placed along the opposite edge as the first manifold which 

accepts ambient gas from the channels and directs it towards the exhaust 

aperture; and 

a fan which forces the ambient gas through the channels. 

14. The electronic display assembly of claim 13 wherein: 

the fan is placed within the first manifold. 

15. The electronic display assembly of claim 13 wherein: 

the housing contains a top and bottom portion; 

the inlet aperture is located at the top portion of the housing; and 

the exhaust aperture is located at the bottom portion of the housing. 

16. The electronic display assembly of claim 13 wherein: 

the first and second manifolds are oriented vertically; and 

the plurality of channels are oriented horizontally. 

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

assembly. 

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

a transparent front plate placed in front of the electronic image assembly, the 

space between the front plate and the electronic image assembly defining 

a front channel; 

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

a first pass through plate adjacent to the first manifold and a second pass 

through plate adjacent to the second manifold, each pass through plate 

having a first pathway for ambient gas travelling through the plurality of 

channels behind the electronic image assembly and a second pathway for 

circulating gas travelling through the front channel. 

19. The cooling system of claim 18 wherein: 

the first and second gas pathways are substantially perpendicular. 

20. An electronic display assembly comprising: 

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

an electronic image assembly contained within the housing; 

an inlet aperture in the housing for accepting ambient gas; 

an exhaust aperture in the housing for exhausting ambient gas; 

a plurality of metallic channels placed behind and in conductive thermal 

communication with the electronic image assembly; 

a first manifold placed along one of the vertical edges which accepts ambient 

gas from the inlet aperture and distributes ambient gas to the plurality of 

channels; 

a second manifold placed along the opposite vertical edge as the first manifold 

which accepts ambient gas from the channels and directs it towards the 

exhaust aperture; and 
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a plurality of fans within the first manifold which draw the ambient gas into the 

inlet aperture and through the channels. 

21. The electronic display assembly of claim 20 wherein: 

the electronic image assembly is a liquid crystal display. 

22. An assembly for cooling an electronic image assembly within a housing having an 

inlet aperture for ambient gas, exit aperture for ambient gas, and internal cavity for 

circulating gas, the assembly comprising: 

a first portion of a heat exchanger which accepts ambient gas from the inlet 

aperture; 

a second portion of a heat exchanger which accepts ambient gas from the first 

portion; 

an first fan positioned between the first and second portions which pulls ambient 

gas through the first portion and pushes ambient gas through the second 

portion; and 

a second fan which forces circulating gas through the internal cavity and at least 

one of the heat exchanger portions. 

23. The cooling assembly of claim 22 wherein: 

the first fan also draws ambient gas through the inlet aperture. 

24. The cooling assembly of claim 23 wherein: 

the first fan also pushes ambient gas through the exit aperture. 

25. The cooling assembly of claim 22 further comprising: 

an electronic component placed within the path of the circulating gas. 

26. The cooling assembly of claim 25 wherein: 

the electronic component is a power module. 
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27. The cooling assembly of claim 22 wherein: 

the heat exchanger portions are comprised of corrugated layers. 

28. The cooling assembly of claim 22 wherein: 

the heat exchanger portions are cross-flow heat exchanger portions. 

29. An assembly for cooling an electronic image assembly within a housing having an 

inlet aperture for ambient gas, exit aperture for ambient gas, and internal cavity for 

circulating gas, the assembly comprising: 

a heat exchanger having first and second gas pathways; 

an first fan placed within the heat exchanger to draw ambient gas through the 

inlet aperture and the first gas pathway of the heat exchanger; and 

a second fan placed to draw circulating gas through the internal cavity and the 

second gas pathway of the heat exchanger. 

30. The cooling assembly of claim 29 wherein: 

the first fan comprises an inlet side and exhaust side such that a portion of the 

heat exchanger is adjacent to the inlet side and a further portion of the 

heat exchanger is adjacent to the exhaust side. 

31. The cooling assembly of claim 29 wherein: 

the internal cavity comprises a front channel defined by the space between the 

electronic image assembly and a transparent front plate. 

32. The cooling assembly of claim 29 wherein: 

the first fan also forces the ambient gas out the exit aperture. 

33. The cooling assembly of claim 29 further comprising: 

an electronic component placed within the path of the circulating gas. 

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

35. The cooling assembly of claim 29 wherein: 

the heat exchanger is comprised of corrugated layers. 

36. The cooling assembly of claim 29 wherein: 

the heat exchanger is a cross-flow heat exchanger. 

37. An electronic display assembly comprising: 

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

an electronic image assembly within the housing; 

a transparent front plate in front of the electronic image assembly, the space 

between the transparent front plate and the electronic image assembly 

defining a channel; 

a heat exchanger in gaseous communication with the channel, the heat 

exchanger comprising two portions, each portion having first and second 

gas pathways, where the first gas pathways are in gaseous 

communication with the inlet and exit apertures and the second gas 

pathways are in gaseous communication with the channel; 

a first fan assembly placed between the two portions of the heat exchanger to 

force ambient gas through the first gas pathways; and 

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

second gas pathways. 

38. The electronic display assembly of claim 37 further comprising: 

a power module placed within the path of the circulating gas. 

39. The electronic display assembly of claim 37 wherein: 

the electronic image assembly is a liquid crystal display. 

40. The electronic display assembly of claim 37 wherein: 
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the electronic image assembly is an OLEO 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 (OLEO), 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 

illumination devices) can vary depending on temperature. Thus, when an LED is 

exposed to room temperatures, it may output light with a certain luminance, 

wavelength, and/or color temperature. However, when the same LED is exposed to 

high temperatures, the luminance, wavelength, color temperature, and other properties 

can vary. Thus, when a temperature variation occurs across an LED backlight (some 

areas are at a higher temperature than others) there can be optical inconsistencies 

across the backlight which can be visible to the observer. By using the exemplary 

embodiments herein, heat buildup can be evenly distributed across the continuous 

conductive sheet and removed from the display. This can prevent any potential 'hot 

spots' in the backlight which may become visible to the observer because of a change 

in optical properties of the LEDs. 

[0009] The continuous conductive sheet may provide an isolated chamber from the 

rest of the display so that ambient air can be ingested and used to cool the continuous 

conductive sheet. This is beneficial for situations where the display is being used in an 
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outdoor environment and the ingested air may contain contaminates (pollen, dirt, dust, 

water, smoke, etc.) that would damage the sensitive electronic components of the 

display. 

[001 0] 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 18 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 SA 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 SC 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 described more fully hereinafter with reference to the 

accompanying drawings, in which exemplary embodiments of the invention are shown. 

This invention may, however, be embodied in many different forms and should not be 

construed as limited to the exemplary embodiments set forth herein. Rather, these 

embodiments are provided so that this disclosure will be thorough and complete, and 

will fully convey the scope of the invention to those skilled in the art. In the drawings, 

the size and relative sizes of layers and regions may be exaggerated for clarity. 

[0022] It will be understood that when an element or layer is referred to as being 

"on" another element or layer, the element or layer can be directly on another element 

or layer or intervening elements or layers. In contrast, when an element is referred to as 

being "directly on" another element or layer, there are no intervening elements or layers 

present. Like numbers refer to like elements throughout. As used herein, the term 

"and/or" includes any and all combinations of one or more of the associated listed 

items. 

[0023] It will be understood that, although the terms first, second, third, etc., may be 

used herein to describe various elements, components, regions, layers and/or sections, 

these elements, components, regions, layers and/or sections should not be limited by 

these terms. These terms are only used to distinguish one element, component, region, 

layer or section from another region, layer or section. Thus, a first element, component, 

region, layer or section discussed below could be termed a second element, 

component, region, layer or section without departing from the teachings of the present 

invention. 

[0024] The terminology used herein is for the purpose of describing particular 

embodiments only and is not intended to be limiting of the invention. As used herein, 

the singular forms "a", "an" and "the" are intended to include the plural forms as well, 

unless the context clearly indicates otherwise. It will be further understood that the 

terms "comprises" and/or "comprising," when used in this specification, specify the 

presence of stated features, integers, steps, operations, elements, and/ or components, 

but do not preclude the presence or addition of one or more other features, integers, 

steps, operations, elements, 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 1 0. 

[0031] FIGURE 18 is a detailed front perspective section view of insert B from Figure 

1 A. 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 

techniques. Each component may be attached to one another using similar or different 

methods. It is preferable that the chosen technique permits thermal communication 

between the components (if desired). In some embodiments the thermal 

communication between components may be accomplished by simply placing the 

components in contact with one-another or in close proximity to one another. Some 

embodiments may use a combination of the fastening techniques above. Thus, an 

exemplary embodiment may use both mechanical fasteners as well as an adhesive 

(preferably a thermally conductive adhesive) or double-sided tape. An exemplary type 

of double-sided tape would be Very High Bond (VHB™) tape commercially available 

from 3M™ Saint Paul, MN. wvvw.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 1 0 in between the rear plate 125 and front plate 180 and along the channels 

150. The cooling air 10 can then be exhausted out of the exit apertures 210. A single 

fan may be used in some embodiments, while several fans (even more than shown in 
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Figure 2) could be used in other embodiments. Of course, the fans 225 could instead 

be placed at the inlet apertures 200 and used to 'push' the cooling air 10 through the 

channels 150 rather than 'pull' (as shown in Figure 2). Further, fans could be placed at 

both the inlet apertures 200 and exit apertures 210 to both push and pull the cooling air 

10 through the system. 

[0034] FIGURE 3A is a rear perspective section view of an embodiment where the 

cooling fans 300 are placed within the continuous conductive sheet 500 and electronic 

components 800 are placed in thermal communication with the continuous conductive 

sheet 500. In this embodiment, cooling air 10 is drawn into the inlet apertures 310 by 

fans 300 which are placed along the length of the continuous conductive sheet 500. 

Thus, in this embodiment the fans 300 perform both a 'pull' and 'push' of the cooling air 

10 through the channels 150. Electronic components 800 may be placed in thermal 

communication with the continuous conductive sheet 500 by establishing thermal 

communication between the electronic components 800 and the rear plate 125 (which 

is preferably in thermal communication with the continuous conductive sheet 500 in this 

embodiment). 

[0035] The electronic components 800 may be any electronic component used in an 

electronic display which generates heat. The electronic components 800 are preferably 

in electrical communication with the electronic display assembly. Some embodiments 

may use power supplies/modules or power transformers as the electronic components 

800. 

[0036] FIGURE 3B is a rear perspective section view of insert B from Figure 3A. In 

this embodiment, the continuous conductive sheet 500 is placed between a front plate 

180 and a rear plate 125 in order to create the channels 150. As discussed further 

below, a front plate 180 may not be necessary in some embodiments. Thus, in some 

embodiments the continuous conductive sheet 500 may be directly fastened to the rear 

portion of the LED backlight 100 (or another rear portion of an electronic display, 

especially an OLEO assembly). 

[0037] In this embodiment, a portion of the front plate 180 overlaps a portion of the 

rear plate 125 to create an overlap section 350. Here, heat is permitted to transfer 

directly between the edges of the rear plate 125 and front plate 180 and allows the 
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thermal energy to quickly and evenly spread throughout the plates and the continuous 

conductive sheet 500. 

[0038] FIGURE 4 is a perspective view of one embodiment for the continuous 

conductive sheet 500. 

[0039] FIGURE SA 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 

orienVpolarize 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 8 1 towards the 

rear plate 125. The third portion 620 extends from the second portion 61 O and runs 

parallel to and adjacent with the rear plate 125. The fourth portion 630 extends from 

the third portion 620 at angle 82 towards the front plate 180. The four portions may 
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then be repeated to create the continuous conductive sheet 500. Thus, the fourth 

portion 630 may continue to a second series of portions, starting with another portion 

similar to the previous first portion 600. In some embodiments, angle 81 may be 

substantially equal to angle 0 2• While in other embodiments, angle 0 1 may be different 

than angle 82. 

[0042] In other words, when oriented horizontally and viewed along the direction of 

the cooling air (the side view shown in Figure SA) 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 SA, 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 

71 0 at angle 8 3 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 8 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 8 3 may be substantially equal to angle 8 4 . While in other 

embodiments, angle 83 may be different than angle 84. In this particular embodiment, 

both angles 8 3 and 8 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 SC 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: OLEO, 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 0 5 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 06 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 0s may be substantially equal to angle 85. While in other 

embodiments, angle 0 5 may be different than angle 0 6 . 

[0048] In other words, when oriented horizontally and viewed along the direction of 

the cooling air (the side view shown in Figure 5C) the continuous conductive sheet 760 

may be formed to create a series of four-sided polygons, each one having a bottom 

side (portion 780), left side (portion 775), right side (portion 785), and a top side (in this 

polygon supplied by front plate 701) where either the top or bottom side is absent from 

each polygon. For the embodiment shown in Figure 5C, the absent side of the polygon 

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

metal. 

[0049] Electronic displays are produced in a variety of sizes and orientations, 

including but not limited to both landscape and portrait orientations. Any of the 

embodiments herein can be used to cool the various types, sizes, and orientations of 

electronic displays. Further, the channels may be oriented in a vertical manner, and the 

cooling air may travel from top to bottom or from bottom to top. Still further, the 

channels may be oriented in a horizontal manner, and the cooling air can travel left to 

right or right to left. 

[0050] While the embodiments of the continuous conductive sheet have been 

generally described as containing four portions which repeat themselves, other 

embodiments could use a mixture of different designs. Thus, some embodiments may 

not repeat the same four portions over and over. Some embodiments could use four 

portions from the continuous conductive sheet 750 of Figure 5B, followed by four 

portions from the continuous conductive sheet 500 of Figure 5A. Of course, any 

number of different combinations could be used, depending on the materials and 

manufacturing process used to construct the particular continuous conductive sheet. 

[0051] It should be noted that the embodiments herein do not require that a singular 

continuous conductive sheet is used to cool the entire electronic display. A plurality of 

smaller continuous conductive sheets may be used in order to cool the display. The 

smaller continuous conductive sheets may be connected to each other and in thermal 

communication with one another or they may be spaced apart from one another. Thus, 

as used herein the term 'continuous' does not require that the entire display is cooled 

with a single conductive sheet. The term 'continuous' as used herein defines a single 

element that can be placed between two substantially planar objects to create at least 

two channels. 

[0052] Further, the term 'thermal communication' as used herein does not require 

direct thermal communication, i.e. there may be intermediate devices or layers in­

between the two components which are still considered to be in 'thermal 

communication.' Conductive heat transfer is one type of thermal communication and is 

preferable with the exemplary embodiments herein. Convective thermal communication 
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is one type of thermal communication which is preferable between the continuous 

conductive sheet and the cooling air. 

[0053] The continuous conductive sheets have been shown herein with relatively 

constant cross-sectional thicknesses but this is also not required. Some portions of the 

continuous conductive sheets may be thicker or thinner than other portions and some 

may even contain fins or additional extended surface areas for removing the absorbed 

heat. 

[0054] 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 cooling air 1 0 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 (OLEO), 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 OLEO displays. Exemplary embodiments may also utilize large 

(55 inches or more) LED backlit, high definition (1080i or 1080p or greater) liquid crystal 

displays (LCD). While the embodiments described herein are well suited for outdoor 

environments, they may also be appropriate for indoor applications (e.g., 

factory/industrial environments, spas, locker rooms) where thermal stability of the 

display may be at risk. 

[0059] Although fans are shown with some of the embodiments herein, they are not 

required for all embodiments. While forced convection (using fans) is preferable, 

natural or un-forced convection (no fans) may also produce acceptable results and is 

within the scope of the invention. 

[0060] The relative sizing of each component shown in the figures is not to be 

interpreted as a requirement of the invention or that they are accurately drawn to scale. 

Some components have been enlarged for clarity. Other components have been 

simplified for clarity. 

[0061] Having shown and described preferred embodiments, those skilled in the art 

will realize that many variations and modifications may be made to affect the described 

embodiments and still be within the scope of the claimed invention. Additionally, many 

of the elements indicated above may be altered or replaced by different elements which 
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will provide the same result and fall within the spirit of the claimed invention. It is the 

intention, therefore, to limit the invention only as indicated by the scope of the claims. 
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CLAIMS 

1 . An expanded heat sink for transferring heat from an electronic display component to 

a path of cooling air, the expanded heat sink comprising: 

a continuous sheet when viewed along the path of the cooling air and oriented 

horizontally, defines a series of four-sided polygons having top, bottom, 

left side, and right side portions where either the top or bottom portions 

are absent from each polygon. 

2. The heat sink of claim 1 wherein: 

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

for each adjacent polygon. 

3. The heat sink of claim 1 wherein: 

the four-sided polygons are trapezoids. 

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

the top and bottom portions are substantially parallel. 

5. The heat sink of claim 1 wherein: 

the four-sided polygons are rectangles. 

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

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

7. The heat sink of claim 6 wherein: 

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

and 

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

polygons. 

8. A liquid crystal display (LCD) comprising: 

the heat sink of claim 6; 

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

plate; and 

a liquid crystal assembly placed above the LED backlight. 

9. The LCD of claim 8 further comprising: 

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

along the continuous sheet. 

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

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

plate. 
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11. An expanded heat sink for transferring heat from an electronic display component to 

a path of cooling air, the expanded heat sink comprising: 

a substantially planar front plate; 

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

a continuous sheet placed between the front and rear plates to define a series of 

channels for accepting the cooling air. 

12. The heat sink of claim 11 wherein: 

the continuous sheet contains a series of four portions: 

the first portion running substantially parallel to the front plate, 

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

plate at a first angle, 

the third portion extending from the second portion and substantially 

parallel to the rear plate, and 

the fourth portion extending from the third portion and towards the front 

plate at a second angle. 

13. The heat sink of claim 12 wherein: 

the first portions are in contact with the front plate, and 

the third portions are in contact with the rear plate. 

14. The heat sink of claim 12 wherein: 

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

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

16. An electronic display comprising: 

the heat sink of claim 11; 

an electronic display assembly placed in front of and in thermal communication 

with the front plate; and 

a fan positioned to draw cooling air through the channels. 

17. The electronic display of claim 16 further comprising: 

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

18. The electronic display of claim 17 wherein: 

the electrical component is any one of the following: power module, power 

supply, and power transformer. 

19. A liquid crystal display (LCD) comprising: 

the heat sink of claim 1; 

an LED backlight placed above and in thermal communication with the 

continuous sheet; 

a liquid crystal assembly placed above the LED backlight; 

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

sheet; and 

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

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

an electrical component in conductive thermal communication with the rear plate. 
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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 
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gas they may use a non-obligatory additional channel. 
In some versions of realisation they also use 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. 

15 cl, 13 dwg 

:::c 
C: 

r,,,.) 

(J1 

0 
r,,,.) 

SEC et al. v. MRI 
SEC Exhibit 1022.4676 

IPR2023-00221



<Pvir. 11 

:::c 
C: 

r,,,.) 

(J1 

...a. 

w 
0 

.1::1,,,, 

w 

N 
0 

0 
r,,,.) 

(II') 

"'q" 

0 

(II') 

"""" 
II) 

N 

:::::> 

a:: 

CTp.: 4 

SEC et al. v. MRI 
SEC Exhibit 1022.4677 

IPR2023-00221



RU 2 513 043 C2 

O6JiaCTI, TeXHHKH, K KOTOpo:U 0THOCHTCSI H306peTeHHe 

IlpIIMepHhie BapIIaHThl ocyrn;eCTBJieHII5I B o6rn;eM OTHOC5ITC5I K CIICTeMaM OXJia)K,UeHII5I II 

B qacTHOCTII K CIICTeMaM OXJia)K,IJ;eHII5I ,IJ,JI5I 3JieKTpOHHhIX ,UIICITJieeB. 

IIpe,n;meCTBYIOIUH:U yp0BeHI, TeXHHKH 

5 IlpOB0,'1;5IIUIIe lI KOHBeKTIIBHhie Tennoo6MeHHhie CHCTeMbI ,lJJUI 3)IeKTpOHHbIX ;::mcrrneeB B 

o6rn;eM CTpeMHTC51 OTBO)llITb TeITJIO OT 3JieKTpOHHbIX KOMITOHeHTOB B ,IlHCITJiee qepe3 

MaKCIL\.faJihHO BO3MO)KHOe KOJIIIqecTBO 6oKOBbIX CTeHOK )llICITJie51. ,l],JI5I Toro qT06hI 3TO 

BhIITOJIH5ITh, CIICTeMhI rrpe,urneCTBYIOIUero ypOBH5I TeXHIIKII rronaraJIIICb rrpe)K_r:i:e BCero Ha 

BeHTIIJI5ITOpbl )IJI51 rrepeMern;eHH51 BHyTpeHHerO BO3,II,yxa, HaXO)lHIUerOC51 BHYTPII KOprryca, 

10 MIIMO KOMITOHeHTOB, rro,nJie)KaIUHX OXJia)K;::J:eHHIO, II Hapy)Ky H3 ,Il,lICITJieH. 3TH KOMITOHeHTbl 

B o6rn;eM rrpe,ucTaBJrnIOT co6011 IICTOqHJIKII 3JieKTporrnTaHII51. B HeKOTOphIX cnyqa51x HarpeThIH 

BO3,II,YX rrepeMern;aeTC51 B KOHBeKTIIBHOM TeITJIOBOM KOHTaKTe C ope6peHneM. 

XOT5I TaKIIe Terrnoo6MeHHhie CIICTeMhl B npOIIIJIOM IIMeJIII HeKOTOpbIH ycrrex, 

ycoBeprneHCTBOBaHII51 ,'J;IICITJieeB II HOBbIX rrpIIMeHeHIIH ,IJ,IICITJieeB Tpe6yIOT ern;e 60JibIIIIIX 

15 BO3MO)KHOCTett OXJia)K,UeHII5I. B qacTHOCTII, OXJia)K,UaIOrn;ne ycTpOHCTBa ,D;JI51 3JieKTpOHHbIX 

)]IICilJleeB rrpe,urnecTBYIOIUero ypoBH51 TeXHIIKII o6hl"-IHO IICITOJih3OBaJIII KOHBeKTIIBHbie CIICTel\tlhI 

pacce5IHII5I Terma, KOTOphie cpyHKu;IIOHIIpOBaJIII TOJibKO ,ilJI51 OXJia)K,IJ;eHII5I 3a,rrnero BHyrpeHHero 

yqacTKa ,Il,IICIIJie51. Ilpn IICITOJib3OBamrnx BHe IIOMememIH IIJIII B ,upyrIIX TeilJlbIX OKpy)KaIOIUIIX 

cpe,IJ,ax OHH HerrpHro,nHhI, oco6eHHO Korn:a nyqttcTaH Terrnorrepe,I1,aqa OT conm..i;a qepe3 

20 rrepe,I1,HIOIO ITOBepXHOCTb )llICI1Jle5I CTaHOBIITC51 OCHOBHbIM <paKTOpOM. Bo l\tIHOrnx rrpIIMeHeHII51X 

06b1qHOH 51BJI5leTC51 MOmHOCTb, ITOCTyrra10rn;a51 qepe3 rrepe,II,HIOIO ITOBepxHOCTh )lHCITJie5I, 

KOTOpa51 COCTaBJI51eT 200 BT IIJIH 60JihIIIe. KpoMe Toro, pbIHOK Tpe6yeT ,Il,JI51 )],HCITJieeB 3KpaHOB 

60JibIIIHX pa3MepoB. C yBeJIHqeHneM pa3MepoB 3KpaHa 3JieKTpOHHOro )lIICrrrreH II 

COOTBeTCTByIOmIIx pa3MepoB rrepe,uHel1 ITOBepxHOCTJI ,UHCITJie51 6y,ueT Bbipa6aThIBaTbC5I 

25 6orrhrne Terrrra JI 6onhrne Tenrra 6y,ueT rrepe,uanaThC51 n ,i::i:IIcrrneII. KpoMe Toro, Kor,ua ,uJicrmeII 

IICITOJib3YIOTC51 B Hapy)KHhIX cpe,uax, aTMOC<pepHbIH BO3,uyx MO)KeT CO,Il,ep)KaTh 3arp5I3HeHH51 

(IlbIJih, rp513b, IlbIJlhll,Y' BO)],5IHOH nap, qacTH1l,hI II3HOCa pa6oqIIx ITOBepxHOCTeH TOpMO3HhIX 

MexaHII3MOB, rreCOK, )lbIM JI T.,lJ,.), KOTOpbie, eCJIJI 3aCaChIBaIOTC51 B ;:::mcrrrreti: ;::J:JI5I OXJia)K,UeHII5I 

BHyTpeHHero rrpocTpaHCTBa, MoryT IIOBpe)K.IJ;aTb BHyTpeHHHe KOMIIOHeHTbI ,lJ,lICIIJie5I. 

30 CoBpeMeHHhie ,lJ,HCrrrren ( oco6eHHO Te, KOTOpbre HCITOJih3YIOT BHe ITOMern;em1rr) CTaHOB5lTC5I 

Bee 6onee 51pKill\rn, C HeKOTOpbIMII 3a,il,HHMII ITO,Il,CBeTKaMH, rrpOII3BO,il,5IIUHMII 1,000-2,000 HIIT 

IIJIII 60JihIIIe. qT06hI rrporr3BO,IllITh TaKOlI ypoBeHb 51pKOCTII, ycTpOllCTBa OCBern;eHH51, TaKIIe 

KaK 6JIOKH CCFL (JIIOMIIHec11,eHTHbIX JiaMrr C XOJIO)]HbIM KaTO;:.J;OM), LED (cBeTOII3JiyqaIOIUIIX 

)llIO)]OB), opraHJiqeCKHX LED lI rma3MeHHbie 6JIOKH, MOryT rrpOH3BO)],lITb OTHOCJITeJibHO 

35 60JibIIIOe KOJIII"-IeCTBO Terrna. KpoMe Toro, ycTpOHCTBa OCBememrn Tpe6yIOT OTHOCIITeJihHO 

60JibIIIOro KOJIIIqecTBa 3HeprIIrr, qT06bI reHepIIpOBaTb He06XO,I],IIMhIH: ypoBeHb HpKOCTII. 

3TO 60JibIIIOe KOJIIIqecTBO 3Hepnrn B o6rn;eM ITOCTaBJI5IeTC51 rrocpe,UCTBOM O,IJ,HOro IIJilI 6onee 

IICTO"-IHIIKOB 3JieKTpOI1IITaHII5I ,UJI5I ,UIICITJiea. 3nr IICTOqHJIKII 3JieKTpOIIHTaHH5I TaK)Ke MoryT 

CTaTb cyrn;eCTBeHHhIM HCTOqHHKOM Terrna JJ:JI5I ,lJ,IICITJie51. 

40 EOJibIIIOe KOJie6aHIIe TeMrrepaTypbI 5lBJI5IeTC51 o6hrqHbIM rrpII IICITOJib3OBaHIIH ycTpOH:CTB 

rrpe,uIIIeCTByIOmero ypOBH5l TeXHHKH B Hapy)KHhIX cpe,uax B ycJIOBH51X np51MOro COJIHeqHoro 

CBeTa lIJIH B ,upyrHX T5l)KeJihIX TeITJIOBbIX ycrrOBH5lX. TaKoe TeMnepaTypHoe KOJie6aHIIe 

OKa3hIBaeT HeraTIIBHOe BJIII5IHIIe II Ha cpoK CJiy)K6bI, II Ha pa6oqHe xapaKTepIICTIIKII 

3JieKTPOHHhIX KOMITOHeHTOB B 3TIIX ycTpOllCTBax. 

45 Cyrn;HOCTI, rrpHMepHl>IX BapHaHT0B ocymeCTBJieHHH 

B TO BpeM5I KaK CJICTeMhl rrpe,n:IIIeCTBYIOIUero ypOBH51 TeXHIIKII CTpeMHJIIICh OTBO,UIITb 

Terrno TOJlbKO qepe3 CTOpOHbI, He ocymecTBJIHIOIUIIe OT06pa)KeHII5I, II 3a,UHIIe KOMITOHeHTbl 

3JieKTpOHHOro ,ZJ,IICITJie51, rrpe,urroqTIITeJibHhIH BapIIaHT ocyrn;eCTBJieHII51 MO)KeT TaK)Ke Bhl3hIBaTh 
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KOHBeKTIIBHYIO Terrnorrepe,na-c.iy OT JIHU:eBOH IIOBepxHOCTH 6JIOKa ll306pa)KeHII5I ( OT CTOpOHhI, 

KOTOpa5I o6par.u:eHa K HaMeqeHHOMY Ha6JIIO,naTeJIIO). 3TH rrpe,nrroqTJITeJihHhie BapIIaHThI 

ocyr.u:ecTBJieHHH MoryT CO,IJ,ep)I(aTh ,nBa OT,lleJihHhIX IIYTII IIOTOKOB ,I],JI5I ra3a qepe3 3JieKTpOHHhIH 

,nIIcnJieii:. IIepBnrii: rryTb rroToKa MO)KeT 6hITh 3aMKHYThIM KOHTypoM, a BTopoii: rryTh rroToKa 

5 MO)KeT 6hITh pa30MKHYThIM KOHTYPOM. IIyTh 3aMKHYTOro KOHTypa rrpoxo,nIIT -c.iepe3 

rrepe,nHIOIO IIOBepxHOCTh 6JIOKa II306pa)I(eHirn, rrpo,nomKaeTCH K 3a,nHeH -c.iaCTH .IJ:IICIIJieH, r,ne 

OH MO)I(eT BXO.l],IITh B TeIIJI006MeHHHK, II, HaKOHeu;, B03Bpar.u:aeTC5I K nepe,nHeH IIOBepxHOCTII 

6JIOKa II306pa)KeHIIH. IIyTh pa30MKHYTOro KOHTypa BT5IrHBaeT ra3 (HarrpIIMep, aTMOCq>epHbIH 

B03,nyx) qepe3 3a,nHIOIO qaCTh ,nHCIIJieH (B03M0)KH0, qepe3 TeIIJI006MeHHIIK) II 3aTeM BhIIIYCKaeT 

10 ero II3 KOprryca .D:IICIIJieH. Termoo6MeHHIIK MO)KeT IICIIOJih30BaThCH .IJ:JI5I Toro, qT06hI 

rrepe,naBa Th TeIIJIO H3 3aMKHYTOro KOHTypa B pa30MKHYThIH KOHTYP II BhIIIYCKa Th II3 ,nHCIIJie5I. 

Heo65I3aTeJibHO, pa30MKHYThIH KOHTYP TaK)I(e MO)KeT HarHeTaThC5I rro3a,nII 6JioKa 

II306pa)KeHHH (IIHOrJJ,a 3a,IJ,HeH IIO,;::J;CBeTKH, B ,IlpyrIIe MOMeHThI BpeMeHII OLEO ( opramrqecKHe 

CBeTOII3JiyqaIOI.[{IIe ,n:HO)lbI) IIJIH .r:i;pyroro THIIa 6JIOKH C03,IJ,aHH5I ll306pa)KeHIIH) ,l],JU[ 

15 OXJia)K,IJ,eHH5I 6JIOKa ll306pa)KeHH5I WHJIH 6JIOKa 3a,IJ,Hett no,ncBeTKH ( eCJIH 3a,IJ;H5I5I IIO,l],CBeTKa 

Heo6xo,n:mvia ,llJI5I orrpe,n:eJieHHOro TIIIIa IICIIOJih3yeMoro ,D;HCIIJie5I). B rrpHMepHOM BapIIaHTe 

ocyr.u:eCTBJieHirn MO)KeT IICIIOJih30BaThC5I TeIIJI006MeHHIIK C rrepeceKaIOI.[{HMHC5I 

HanpaBJieHH5IMH IIOTOKOB. 

,IJ.pyrtte BapIIaHTbI ocyr.u:ecTBJieHH5I OTHOC5ITCH K CHCTeMe, rrpe,ri:Ha3HaqeHHOH ,IJJI5I 

20 OXJia)K,lJ;eHIIH CJie,nyIOIIIHX yqaCTKOB 3JieKTpOHHOro .D:IICIIJieH, JIII6o 0,llHOro, JIH6o B co-c.ieTaHHH: 

(1) MO,llYJI5I (MO,IJ,yJieii:) IIIITaHII5I, (2) 3a,II,HeH IIO)],CBeTKII H (3) rrepe,DHeii: IIOBepxHOCTH ,IlllCIIJie5I. 

Mo,nyJIH IIHTaHII5I c 6JIOKaMH paccenBaHII5I TeIIJia (Hanpmvcep, OXJia)K,naIOIIIIIMII IIJiaCTHHaMII 

llilIJIII TeIIJIOOTBO,naMH) MO)KHO IICIIOJih30BaTh C HeKOTOpbIMH BapnaHTaMII ocyrneCTBJieHHH, 

B KOTOphIX CTOpOHa MO,II,YJI5I IIIITaHlI5I, co,ri:ep)Kal[{a5I 6JIOK paccenBaHII5I TenJia, pa3Mel[{eHa 

25 Ha rryTH ra3a OKpy)KaIOr.u:ett cpe,nhI, B TO npe:rvrn KaK CTOpOHa MO.D:YJI5I IIHTaHH5I, co,nep)Kal[{a5I 

qyBCTBIITeJihHhie 3JieKTprrqecKIIe KOMIIOHeHThI, OCTaeTC5I B OT,neJihHOH OKpy)KaIOr.u:ett cpe,Ile. 

M30Jittpy10r.u:a51 KOHCTPYKU:II5I M02KeT 06ecrreq1rnaTh ra3oByIO H30JI5ID;HIO (rr HHOrD,a n30JI5ID;HIO 

OT TBep.D;bIX -c.iaCTHu;/3arpH3HeHIItt) Me)K)];y 3TIIMH ,llBYMH CTOpOHa1vrn MO,nyJieH IIIITamrn. II pH 

OXJia)K,lleHHII MO,nyJieH IIHTaHHH C IIOMOI.[{hIO pa30MKHYTOro KOHTypa ra3a OKpy)I(aIOr.u:err 

30 cpe,n1,1 3a:1v1KHYThIH KOHTYP MO)KeT IICIIOJih30BaThC5I IIJIH He IICIIOJih30BaThC5I. 

3a,nHHe IIO,Il,CBeTKII C nepe.r:i;HIIMII II 3a,nHIIMII CTOpOHa:l\trn MoryT IICIIOJih30BaThC5I C 

HeKOTOpbIMII BapIIaHTaMII ocyr.u:ecTBJieHH5I ,Il,JI5I )KII,Il,KOKpHCTaJIJIIILJeCKIIX ,D;lICIIc'1eeB ()KK,IJ., 

LCD), B KOTOpbIX rrepe,nH5I5I CTOpOHa co,nep2KIIT ycTpOHCTBa OCBel[{eHII5I, a 3a.[{H5I5I CTOpOHa 

co,nep)KIIT TeIIJIOIIpOBO.D:HIIIYIO IIOBepxHOCTh JJ:JIH Toro, qT06bI pacceIIBaTb TeIIJIO OT yCTpOHCTB 

35 OCBel[{eHH5I. B II,I1,eaJie Me)K,il;y rrepe.r:i;HIIMII II 3a,IlHIIMII CTOpOHaMn 3a,n:HHX IIO,IlCBeTOK JJ:OJI)KeH 

6hITh Hll3KIIH ypoBeHh TeIIJIOBOro corrpOTIIBJieHIIH. 

B ,npyrnx BapttaHTax ocyr.u:ecTBJieHII5I MO,n:yJin IIIITaHII5I MO)KHO IIOMeCTIITh B TeIIJIOBOH 

KOHTaKT co MHO)KeCTBOM TeIIJIOIIpOBOD,5II.[{IIX pe6ep, rrpH 3TOM pe6pa pa3Mel[{eHhI Ha rryTII 

OXJia)K,IJ,aIOr.u:ero B03,Ilyxa (IIHOr,na ra3a OKpy)KaIOr.u:ett cpe,IlhI). TeIIJIO OT MO,n:yJieH IIIITaHHH 

40 pacnpe,neJIHeTCH ITO BCeM pe6paM II OTBO.IJ:IITC5I OXJia)K,lJ;aIOI.[{IIM B03,nyxoM. hhIJIO o6Hapy)KeHO, 

LJTO HarHeTaHIIe B03,IJ,yxa B OTHOCIITeJihHO Y3KIIe KaHaJihI, orrpe,neJI5IeMhie pe6parvrn, yJiyqIIIaeT 

B03M0)KH0CTb OTBO,IlIITh TeIIJIO OT MO,IlyJieH IIIITaHIIH. 

B ,npyroM BapIIaHTe ocyr.u:ecTBJieHHH II MO,nyJIII IIIITaHII5I, lI 3a.[{H5IH IIO,,lCBeTKa ,l],HCIIJie5I 

(HJIH 6JIOK H306pa)KeHH5I) HaX01l,HTC5I B TeIIJIOBOM KOHTaKTe C pe6pa:r.rn. TaKIIM o6pa30M, 

45 e,nHHCTBeHHbIH IIYTb OXJia)K)];aIOr.u:ero B03,nyxa (HHOr,na ra3a OKpy)KaIOIIIeH cpe,nhI) MO)KeT 

IICIIOJih30BaThCH JJ:JI5I OXJia)I(,neHII5I ABYX H3 caMhIX TeIIJihIX KOMIIOHeHTOB TlIIIHqHoro 

3JieKTpOHHOro ,I],IICIIJie5I. IIocpe,nCTBOM rrpIIMepa, a He orpamrqeHH5I, B KaqecTBe ycTpOHCTB 

OCBel[{eHHH ,D;JIH ,IllICIIJieeB )KK,IJ. 061,rqHo HCIIOJib3YIOTC5I MaTpHD;bI ill LED. hhIJIO o6Hapy)KeHO, 
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qTo 0IITJIT-IeCKHe CB0HCTBa JIH0;::J:OB LED (H .r:i;pyrHX ycTpOttCTB OCBelll,eHH51) MoryT H3MeH51ThC51 

B 3aBHCHM0CTH OT Te1vrnepaTypn1. TaKHM 06pa301v1, Kor..n:a LED no,DBepraeTC>I B03.z:t:errcTBHIO 

KOMHaTHhIX TeMnepaTyp, OH M0)KeT npOI-I3B0,1lllTh CBeT C onpe.n:eneHH0H: 5IpK0CThIO, .IJ:JIHH0H 

BOJIHhI JI/nnrr I.J;BeTOB0H TeMnepaTypo.rr. O.QHaKo, Kor.r:i;a TOT )Ke caMhIH LED rro,n:BepraeTC>I 

5 B03,n:eHCTBllIO BhIC0KllX TeMrrepaTyp, 51pK0CTh, .U:JIMHa B0JIHhl, I.J;BeT0Ba>I Te:r..mepaTypa H ,r:i:pyrtte 

CB0HCTBa MoryT H3MeH51ThC51. TaKHM o6pa30M, K0r,r:i:a rrp0HCX0,IJ;MT H3MeHeHHe TervcrrepaTyphI 

B,IJ;0Jib 3a,r:i:HeH II0,IJ;CBeTKH LED (HeKOTOpbie o6nacrrr HaXO,IJ;51TC51 rrpH 6onee BbIC0K0H 

Tel\tmepaType, qe1v1 .n:pyrrre), rvcoryT B03HHKaTh orrTttqecKHe HecornacoBaHHOCTH B.IJ:OJih 3a,r:i:Hett 

IIO;:J:CBeTKH, KOTOpbie MOryT 6hITh BH,n:HMbIMH ,r:i:JI51 Ha6JIIO,IJ:a TeJI51. Enaro,r:i:ap51 HCII0Jih30BaHHIO 

10 BaprraHTOB ocymeCTBJieHH51, rrpe,z::i:cTaBJieHHbIX B ,z::i:aHH0M 0IIHCaHHlI, TeIIJioo6pa30BaHrre 

MO)KeT paBHOMepH0 pacrrpeJieJI51TbC51 no pe6paM lI 0TB0JJ:HTbC51 H3 JJ:HCIIJie51. 3TO MO)KeT 

rrpe,DOTBpalll,aTh o6pa30BaHHe JII06hIX IIOTem.J,HaJihHbIX «rop>IqHX ToqeK>> B 3a,r:i:HeH II0JICBeTKe, 

KOT0pbie MoryT CTaH0BHTbC51 BHJIHMbIMlI JIJI51 Ha6JIIO.D,aTeJI51 H3-3a H3MeHeHH51 B 0IITJiqecKHX 

CB0HCTBax ycTp0HCTB OCBememui: (1rnor,r:i:a ,IJ:HOD,0B LED, HO He BCer.n:a). 8 .D,pyrHx BapHaHTax 

15 ocymeCTBJiemrn 6rroK H306pa)KeHH51 (CKOpee qeM 3aJIH5151 IIO,IJ;CBeTKa) Haxo,n:MTC5I B TeIIJIOBOM 

KOHTaKTe C pe6paMH. nJIOK H306pa)KeHH51 M0)KeT co.n:ep)KaTh 3JieKTp0HHblll 6JIOK JII06otI 

cpopMbl ,IJ,JI51 reHepttp0BaHH51 lI306pa)KeHH51, BKJIIOqa51, HO He orpaHHqHBa51Cb 3THM: )KK.z::t:, 
cBeT0H3JiyqaIOm;HH ,z::i:rroD, (LED), opraHttqecKHH cBeTomnyqaIOmrrtt ,n:Ho.n: (OLED), ;:uicrrnerr 

C aBT03JieKTp0HH0H 3MHCCrretI (FED), CBeT0H3JiyqaIOlll,He II0JIHMepbI (LEP), IIJia3MeHHbie 

20 .IJ:HCIIJieH H JII06n1e ,llpyrtte JIHCIIJieH C IIJIOCKHivUTOHKHM 3KpaHOM. 

Pe6pa M0ryT o6ecrreqHBaTh H30JilIP0BaHHYIO KaMepy OT OCTaJihH0H qacTH ,IJ,HCIIJie51 TaK, 

qT06hI M51 0XJia)K,IleHH51 pe6ep M0)KH0 6hIJIO 3aCaChIBaTh H HCIIOJih30BaTh aTMOCq:>epHbIH 

B03,n:yx. 3TO Bbir0JIH0 ,r:i:JI51 CHTyau,tt.rr, B KOTOpbIX ,il,HCIIJieH no.n:Jie)KUT HCTIOJih30BaHHIO B 

Hapy)KHOI':i: cpen:e lI 3aCaChIBaeMhIH B03,z::i:yx MO)KeT con:ep)KaTh 3arp513HeHH51 (IIbIJihIIY, rp513h, 

25 IIbl.Jih, B0.D,y, JJ:bIM H T.,z::i;.), K0T0pbie MoryT rronpe)K,z:i:aTh LIYBCTBHTeJihHhle 3JieKTp0HHhie 

KOMII0HeHTbl ,iJ;HCIIJie51. 

ECJIH 3a.D,H5151 II0,IJ;CBeTKa HCII0Jih3yeTC51 C KOHKpeTHbIM rrpHMeHeHHeM ,iJ;HCIIJie51, TO M0)KHO 

HCII0Jih30BaTh 3a,llHIOIO 110.n:cBeTKY C rrepe.n:HeH lI 3a,UHeH CT0p0HaMH, rrprr 3T0M rrepeJIH5151 

CT0p0Ha co.n:ep)KHT ycTp0HCTBa OCBemeHH51, a 3aJIH5151 CT0p0Ha co.n:ep)KHT TeIIJIOIIpOB0JI51lli;YIO 

30 IIOBepxHOCTb ,il,JI51 paccerrBamrn Tenrra OT ycTpOHCTB 0CBem;eHH51. B H.n:eaJie Me)K,Ily rrepe,z:i:HHMH 

lI 3a.IJ:HHMH CT0pOHaMH 3a,IJ,HHX IIO.D,CBeT0K .D,OJI)KeH 6hITb HH3KHH ypoBeHh TeIIJIOB0ro 

corrpOTHBJieHH51. IlpIIMepHbIH BaprraHT ocymecTBJieHH51 co.r:i;ep)KHT PCB (rreqaTHYIO IIJiaTy) 

C MeTaJIJiw-IeCKHM cep.D,eqHlIK0M, C ,IJ,UO.D,aMH LED Ha nepe.D,HeH CT0p0He lI MeTanrrnqecK0H 

IIOBepxH0CTbIO Ha 3a.D,HeH CT0p0He. 

35 C IIOM0lll,hIO OIIHCaHHbIX HH)Ke acrreKT0B rrpHMepHbie BapHaHTbl ocymecTBJieHH51, 

rrpe,D,CTaBJieHHhie B ,n:aHH0M OIIHcaHHH, c,:::i;enaJIH B03M0)KHbIM II0.D,X0JJ:5111J,ee OXJia)K,IleHrre ,r:i:JI51 

60Jibll.IHX 3JieKTp0HHhIX JIHCIIJieeB ,IJ;a)Ke B ycJI0Bil51X )KapKoro KJIHMaTa II pa3Melll,eHil51 B 

ycJIOBH51X rrp>IM0ro C0JIHeqHoro CBeTa. BapttaHTbl ocymecTBJieHH51 TaK)Ke He Tpe6yIOT KaK0H­

JIH0O cpopMbl K0H)],lIU,H0Hepa (XOT51, eCJIH Tpe6yeTC51, ero M0)KH0 HCIIOJih30BaTh), H 3T0 

40 yMeHhlllaeT 110Tpe6HOCTH B rrpocTpaHCTBe JI 3JieKTp03HeprHII ,r:i:JI51 )],HCIIJie51. 

BbIII.IeH3JIO)KeHHhie H .z:i:pyrtte rrpH3HaKH II rrpettMymecTBa rrpIIMepHbIX BapttaHT0B 

ocymeCTBJieHH51 6yJiyT oqeBH)],HhI rr3 nocne,n:yIOmero 6onee rro.r:i;po6Horo orrncaHH51 

onpe.D,eJieHHhIX BapnaHTOB ocym;eCTBJieHH51 H306peTeHH51, MJIJIIOCTpnpyeMhIX Ha rrpnnaraeMhIX 

qepTe)Kax. 

45 KpaTKoe OnHCaHHe -qepTe>Ke:a 

Jiyqme II0H51Tb rrpHMepHbIH BapHaHT ocymecTBJieHH51 M0)KH0 rrpII npoqTeHHil 

rrocne,r:i;yIOmero rro.D,po6Horo orrucaH1rn H c noM0lll,hIO rrpHJiaraeMhIX qepTe)Kett, Ha K0TOphIX 

H.IJ:eHTJIT-IHhie Il03HIIIl0HHhie 0003HaqeHH51 0TH0C5ITC51 K H.IJ:eHTHqHhIM qaCT51M H Ha K0T0pbIX: 
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(pHT. 1 - nepcneKTlIBHOe lI306pa)KeHlle TlIIIlIT.J:HOro MO,IJ;yJrn IllITaHm1; 

(plff. 2 - nepcrreKTlIBHOe H306pa)KeHIIe .IJ:BYX Mo,z::i;ynen IIIITaHHH, ycTaHOBJieHHhIX BHYTPII 

II3OJIIIpy10wett KOHCTPYKI.J;IIII; 

(plff. 3 - nepcneKTIIBHOe H306pa)KeHIIe BapIIaHTa ocymeCTBJieHIIH, B KOTOpOM 

5 OXJia)K)laIOIIJ,llll BO3,IJ,YX MO)KeT HCTIOJih3OBaThC5I )l;JI5I OXJia)K,lleHII5I MO,IJ,ynett TIIITaHlI5I H 6JIOKa 

3a,z::i;HeH IIO)lCBeTKII; 

(plff. 4 - nepcneKTlIBHOe II306pa)KeHIIe BapIIaHTa ocymeCTBJieHIIH, KOTOpbill nono6eH 

BapIIaHTY ocymeCTBJieHIIH, TIOKa3aHHOMY Ha (pllr. 3, 3a IICKJIIOqemieM Toro, qTo Tenepb 

TeIIJIOOTBO)l IICIIOJih3yeTC5I C MO)lYJIHMII IIIITaHmI; 

10 <pIIr. 5 IIOKa3hIBaeT nepcrreKTIIBHOe II306pa)KeHIIe BapIIaHTa ocywecTBJieHIIH, B KOTOPOM 

Me)K)]y 6JIOKOM 3a,IJ,HeH IIO)lCBeTKII II II3OJIHpy10weii: KOHCTPYKI.J;IIeH o6pa30BaHO MHO)KeCTBO 

KaHaJIOB; 

<pIIr. 7 noKa3hrnaeT nepcneKTHBHoe II3o6pa)KeHIIe B pa3pe3e npyroro BapIIaHTa 

ocymeCTBJiemrn, KOTOpbIH IICTIOJih3yeT TeIIJiorrpoBo,r:v1my10 IIJiaCTIIHY II TermorrpoBo,z:i;Hmtte 

15 pe6pa; 

c:pIIr. 8 noKa3hIBaeT nepcneKTHBHoe II3o6pa)KeHIIe B pa3pe3e npyroro BapIIaHTa 

ocyIIJ,ecTBJieHIIH, B KOTOpOM pe6pa lICIIOJib3YIOTC5I )lJI5I pacrrpe,z:i;enemrn TeTIJia OT 6JIOKa 3a)lHeH 

IIO,IJ,CBeTKII II ero OXJia)K)leHHH; 

<pIIr. 9 - nepcrreKTHBHOe II306pa)KeHIIe C3a,ll;II BapIIaHTa ocyIIJ,ecTBJiemrn, B KOTOpOM 3a)lH5I5I 

20 KpbIIIIKa ,IJ;HCTIJieH y,IJ,aJieHa; 

<pIIr. lOA - rrepcneKTIIBHoe II3o6pa)KeHIIe B pa3pe3e ,r:i:pyroro BapttaHTa ocymecTBJieHII5I, 

IIOKa3hIBaIOmee KaHaJihI 3aMKHYTOro KOHTypa II pa3OMKHYTOro KOHTypa; 

c:pIIr. lOB - nepcrreKTHBHoe lI3o6pa)KeHIIe B pa3pe3e, no,z::i;o6Hoe II3o6p~emuo, rroKa3aHHOMY 

Ha (plff. lOA, B KOTOpOM 3a,D;H515I II 6oKOBbie KpbIIIIKII y.r:i;arreHhI; 

25 <pIIr. 11 - nepcneKTIIBHoe II3o6pa)Kemie n pa3pe3e ,IJ,pyroro nap1rnttTa ocywecTnneHm1, 

IIOKa3hIBaIOIIJ,ee BIIYCKHbie II BbIIIYCKHbie OTBepcnrn ..J:JI5I ra3a OKpy)KaIOIIJ,eH cpe,ObI, KOTOpbIH 

IICTIOJih3yeTC5I TOJibKO B npe,IJ,eJiax TeTIJI006MeHHIIKa, a He B )lOIIOJIHHTeJibHbIX He065I3aTeJibHbIX 

KaHanax;II 

c:pIIr. 12- rrepcneKTIIBHoe H3o6pa)KeHIIe B pa3pe3e rrpIIMepHoro Bap1rnHTa ocymecTBJiemrn, 

30 B KOTOpOM IICIIOJih3yeTC5I TeIIJI006MeHHIIK C nepeceKaIOIIJ,IIMIICH HanpaBJieHII5IMII TIOTOKOB, 

qT06bI pa3)]eJIHTb 6JIOKll 3JieKTpOnHTaHII5I 60JibIIIOll II MaJIOH: MOIIJ,HOCTH. 

Ilo;:i;po6Hoe Oirn:caHHe H306peTeHHSI 
<Dttr. 1 TIOKa3hIBaeT OJJ:IIH BapIIaHT ocymecTBJieHII5I TlITIIIqHoro MO.D:YJI5I 7 TIHTaHH51, KOTOpbIH 

MO)KeT IICTIOJib3OBaTbC5I C HeKOTOpbIMH II3 BapHaHTOB ocymecTBJieHirn, OIIIICaHHbIX B ,z::i;aHHOM 

35 OTIIICaHIIll. IleT.J:aTHaH TIJiaTa 6 MO)KeT 6bITh rrplIKperrneHa K MO,IJ,YJIIO 7 IIIITaHH5I lI MO)KeT 

CO,Il,ep)KaTh MHO)KecTBO 3JieKTpOHHhIX KOMIIOHeHTOB 5, KOTOpbie MoryT 6bITh He06XO,Il,lIMhIMII 

)lJIH pa60ThI II yrrpaBJieHIIH MO,Il,yJieM 7 TIIITaHMH. 3TH 3JieKTpOHHhie KOMIIOHeHThI 5 MoryT 

BKJIIOqaTh B ce6H pe3HCTOpbI, KOH,z:t,eHCaTOpbI, orrepan;MOHHhie ycMJIIITeJIH, MOHTa)KHhie )KI'YThI, 

coe,Il,lIHIITeJIII II KaTylllKII lIHJlYKTIIBHOCTII, HO He orpaHIIT.J:IIBaHCh 3TIIM. Ea30Ba5I IIJiaTa 8 
40 MO)KeT 6hITb rrpIIKperrneHa K MO,z:t,yJIIO 7 IIHTaHHH II MO)KeT ,z:i;eitCTBOBaTb KaK 6JIOK pacceIIBaHHH 

Terrna .r:IJI5I MO.r:IYJIH 7 IIHTamrn, TaK '-ITO TeIIJIO, KOTOpoe o6pa3yeTC5I MO.r:IyJieM 7 IIHTaHIIH, 

rrepenaeTCH K 6a30BOH IIJiaTe 8. B HeKOTOpbIX napHaHTax ocymecTBJieHH51 MO)KeT 6hITb 

60JibIIIe HCIIOJib3yeMhIX KOMIIOHeHTOB, HarrpHMep KOHTaKTHaH IIJIOIIJ,a,z::i;Ka, pacnOJIO)KeHHaH 

Me)K,z:t,y MO,z:t,yJieM IIHTaHII5I lI 6a30BOH TIJiaTOH 8. KpoMe Toro, KaK .r:IOIIOJIHMTeJibHO 

45 o6cy)K,[J;aeTC5I HII)Ke, C 6a30BOH TIJiaTOH 8 MO)KeT IICIIOJib3OBaThC5I JII06oii: TIIII TeIIJIOOTBO,Il,a 

lIJIH c6opKH pe6ep, qT06hI ,l],OIIOJIHIITeJibHO ynyqIIIaTh ee TepMO.r:IIIHaMHqecKIIe CBOllCTBa. 

TaK)Ke Me)K,lly 6a30B0ll TIJiaTOll 8 II 6JIOKOM TeTIJIOOTBO.r:Ia MoryT 6hITb pa3MeIIJ,eHhI 

KOHTaKTHbie IIJIOIIJ,a)lKH. 
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<Dttr. 2 IIOKa3hIBaeT ,2],Ba MO.Ilyirn IIllTaHll5£, ycTaHOBJieHHhie BHYTPll ll30JIHpyrorn;eti: 

KOHCTPYKQllll 9, KOTOpa51 ITO cyrn;eCTBY rrpe,2],0TBparn;aeT rrepe,2],a qy ra3a ll 3arp513Hemrn Me)K.IlY 

.IlBYM51 cTopoHaMH MO.IlYJI51 IIHTaHH5£. Ea30Bhie rrnaThI 8 MO.Ilyneti: mnaHH5£ rroKa3aHhI Ha 

CTOpOHe ll30JIHpyrorn;eti: K0HCTPYKUllll 9' Ha KOTOpoti: OXJia)K,:IaIOlli;llM B03,n,yx 4 0Kpy)KaIOrn;eti: 

5 cpe.IlhI rrpe,z:i:Ha3HaqeH ,2],JI51 rrp0X0)K,I],eHll51 II0Bepx 6a30BhIX IIJiaT 8. MoryT IlCIIOJih30BaTbC51 

yrrJIOTHHTeJihHhie np0KJia,D,Kll 11, qT06hI o6ecrreqttBaTh ra30Herrpomn.i;aeMoe (H/HJill 

HerrpOHllI.J;aeMoe ,IlJI51 3arpH3HeHHM) YIIJI0THeHtte Me)K,n:y MO.IlYJI5£Mll IIllTaHirn ll ll30JIHpyrorn;eti: 

KOHCTPYKIJ;llell 9. OxJia)K,IJ,aIOrn;Hll B03.D:YX 4 HH0r;:::i,a BT5£rttBaeTC51 H3 cpe.IlbI, OKpy)KaIOrn;etl: 

.IlllCTIJiett:. 3Ta OKpy)KaIOrn;a51 cpe,n:a MO)KeT CO.Ilep)KaTb Bpe,IlHbie 3arp513HeHH51, KOTOpbie MOryT 

10 BhI3bIBaTh II0Bpe)K,IJ,eHll51 pa3JIIIqHbIX 3JieKTpHqecKHX KOMIIOHeHTOB B .IlHCIIJiee. 3TH Bpe,IlHbie 

3arpH3HeHII51 BKJIIOqaIOT B cefo1: Ilbillb, .IlhIM, IIbillbUY, BO,Il5£HOll nap, .Ilpyrtte Bpe.IlHbie TBep.Ilhie 

qaCTHUbI II ;:::i,pyrtte Bpe.IlHhie ra3hI, HO He orpaHllqllBa5ICb 3TIIM. TaKllM o6pa30M, 0.IlH0 ll3 

Ha3HaqeHHM ll30JIHpyrorn;e:rr K0HCTPYKll,llH 9 COCTOHT B TOM, qT06hI npe,n:OTBparn;aTh K0HTaKT 

OXJia)K,IJ;aIOrn;ero B03,r:i:yxa 4 0Kpy)KaIOrn;eti: cpe,2],hl C HeK0TOpbIMH H3 qyBCTBIITeJihHbIX 

15 3JieKTpOHHbIX KOMTIOHeHTOB ,n:ucrrrre51:, BKJIIOqa5[, HO He orpaHuqttBa5£Cb 3TllM, 3JieKTpOHHhie 

KOMII0HeHTbI 5 (noKa3aHHhie Ha qmr. 1), K0T0pbie Tpe6yIOTCH ,n:JI5£ pa60TbI ll yrrpaBrremrn 

M0.IlYJI5IMll IIIITaHH5£. Enaro,n:ap5I ycTaHOBJieHIIIO MO.Ilyne:rr TillTaHII5l BHYTPH ll30JIHpyrorn;e:rr 

KOHCTPYKIJ;llll 9 OXJia)K,2],aIOrn;IItt: B03,n:yx 4 OKpy)KaIOrn;etl: cpe,ilhI MO)KeT BT5lrHBaThC5l B KOpnyc 

,IlllCIIJie5£ II HarHeTaThC5l TIOBepx 6a30BbIX IIJiaT 8 (II He065£3aTeJihHO ITO TeIIJIOOTBO,llaM ll 

20 pe6paM) ,2],JIH OXJia)K,I],eHllH Mo,uyneti: IIIITaHll51. 3TO MO)KeT 6hITb BhIIIOJIHeHO, He rro;::wepra5£ 

qyBCTBllTeJibHhie 3JieKTPOHHbie KOMIIOHeHTbI B03,Ueti:CTBIIIO TIOTeHIJ;llaJihHO Bpe,n:Horo 

oXJia)K,uarorn;ero B03,n:yxa 4 oKpy)KaIOrn;etl: cpe,r:i:hr. 

<Dttr. 3 II 4 IIOKa3hIBaIOT BapliaHTbI ocyrn;eCTBJieHIIH, B KOTOpbIX OXJia)K,l:laIOrn;u:rr B03.IlYX 4 
M0)KeT llCTI0Jib30BaThC51,2],JIH OX.Jia)Kµ,eHirn M0,n:yneit TIIITaHII5£ II 6JIOKa 140 3a,r:i:Hell rro,n:cBeTKll. 

25 3TII naprraHTbI ocyrn;eCTBJieHll51 IIOKa3hIDaIOT 6JIOK 140 3a.IlHeM rro;::i:cneTKll, KOTOpbrn co,n:ep)KllT 

MHO)KeCTBO ycTp0H:CTB 141 OCBern;emrn (HarrprrMep, LED), KOT0pbie CMOHTilp0BaHhI Ha 

rreqaTH0H nrraTe (PCB). B rrpn1v1epH0M BapnaHTe ocyrn;ecTBJiem-rn M0)KeT ncrrorrh30BaThC51: 

PCB C MeTaJIJIIIqecKHM cep.IleqHIIKOM IIJIH mo6a51,npyra51 MOHTa)l(HaH KOHCTPYKQHH, KOT0pa5I 

MO)KeT HMeTh OTHOCllTeJibH0 HII3KIIll ypoBeHh TeIIJIOB0ro conpOTllBJieHll51, qT06hI TeIIJIO 

30 MOrrro nepe.IlaBaTbCH OT ycTpOHCTB 141 OCBern;eHII5l K 3a,z:i;Hett: TI0BepxHOCTll 6JIOKa 140 3a,IJ,Hett: 

rro,n:cBeTKH, 0TKy,z:i;a OHO MO)KeT OTBO,D;llTbC51 nocpe,n:CTBOM OXJia)K,ilaIOrn;ero B03.Ilyxa 4. 
YCTpottCTBaMII 141 ocBern;eHII51 MoryT 6hITh LED, ranoreH, CCFL HJIH mo6oe ;:lpyroe 

ycTpOMCTBO, KOTOpoe npOII3B0;::J:HT CBeT. KpoMe Toro, 6JIOK 3a,z::i:Hell IIOJJ:CBeTKH, B03M0)KH0, 

,Ila)Ke He HBJI51eTC51 Heo6xo;::i:ttMbIM .IlJIH HeKOTOpbIX Bap11aHTOB ocyrn;eCTBJieHII5l, TaKIIX KaK 

35 rma3MeHHhie ,n:ttcnne11, .Ilttcrrnett Ha ocHone OLED, LEP HJIII FED. O,nHaKo 3TH TttIIhI ,z::i:ttcnrre51 

TaK)Ke ll3BeCTHbI KaK Bbipa6aThIBaIOrn;tte TeIIJIO ll B KOT0pbIX OXJia)K,n:eHHe 3a,D,Hett: IIO,IJ,CBeTKH, 

OTIHChIBae1v1oe B 3TOH 3a5£BKe, 3TH crroco6hI TaK)Ke MoryT 6hITb rrpttMeHeHhI K OXJia)K,n:eHHIO 

3a,IlHllX IIOBepxHOCTeM 3TI1X 3JieKTpOHHbIX 6JIOKOB ll306pa)KeHll51. TaKI1l\tl o6pa30M, TaM, r,ri;e 

IIOKa3aHhI 6JIOKll 3a,n:Hell TIO,iJ,CBeTKll, OHII MoryT 6hITb 3aMeHeHhI Ha IIJia3MeHHhie, OLED, 
40 FED HJill LEP 6JIOKII ll306pa)KeHll51. 3JieKTpOHHhie K0MTI0HeHTbI 5 MoryT 6hITb II30JI1IpOBaHhI 

OT OXJia)K,I],aIOr.uero B03,a:yxa 4 C IIOMOlli;hIO IICIIOJib30Bamrn ll30JIHpyror.uett KOHCTPYKUIIll 9. 
<Dttr. 4 TIOKa3hIBaeT BapliaHT ocyrn;eCTBJieHHH, KOTOpblll rro,;::xo6eH BapliaHTY 0CYI..UecTBJieHll51, 

IIOKa3aHHOMY Ha qmr. 3, 3a IICKJIIO'-IeHtteM Toro, qTo TeIIJI0OTBOJJ: 12 Tenepb HaXO.IllITC51 B 

TeIIJI0B0M KOHTaKTe C 1vIO.IlYJI51Mll TIHTaHll51, '-IT06hr .IlOIIOJIHllTeJihH0 o6nerqaTh nepe,J:Ia'-Iy 

45 Terrna OT Mon:yne:tl: IIIITaHirn. KoHeqHo, crre;::i:yeT OTMeTIITh, qTo .IlOCTYIIHbI MHO)KeCTBO TIIII0B 

TeIIJIOOTBO.IlOB, KOTOpbie ll3rOTaBJIIIBaIOT II3 MHO)KecTBa pa3JillqHbIX MaTepllaJIOB II KOTOpbie 

IIMeIOT MHOro pa3JIII'-IHbIX TIIIIOB KOH{pllrypaQllH. B qacTHOCTll, rrpe,2l,IIOJiaraeTC5£, 'ITO JII06a51 

cpop1vrn TeIIJIOOTBO,Ila MO)KeT llCIIOJih30BaThC5£ C pa3JIJiqHbIMII BapttaHTaMH ocyr.uecTBJieHllH 
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H MO)KeT HCIIOJTb30BaTbC5I ,D,JUI Y,iJ,OBJieTBOpeHH5I pa3JIUC-IHbIM ycnomI5IM q:>yHKIJ;HOHHpOBaHH:5I. 

<Dttr. 5 IIOKa3hIBaeT ,D,pyrott: BaprraHT ocyIIleCTBJiemrn, B KOTOpOM Me)K,D,y 0JIOKOM 140 
3a,D,Hett: nO,D,CBeTKH 11 ll30JIHPYIOIIleH KOttCTPYKI.J;HeH 9 o6pa30BaHO MHO)KeCTBO KaHanOB 15. 
MO)Ktt0 HCIIOJib30BaTb pa3,D,eJIHTeJIII 16 KattaJIOB, qT06bI 0T,D,eJI5ITb Ka)K,i],bIH Kattan 15 II 

5 06ecrreq1rnaTb KOHCTPYKTIIBHYIO )KeCTKOCTb ,[CUI BCero 6JIOKa. Pa3.ri;eJIHTeJIII 16 KaHanOB 

npe.ri;noqnneJibH0 MO)KH0 H3rOTaBJIIIBaTb II3 TeIIJIOnpOB0J];51IIlero MaTepIIaJia TaK, qT06bI 

OttH TaK)Ke MOrJIH ocyIIleCTBJI51Tb rrepe,::i:aqy TeIIJia Me)K.ri;y 0JIOKOM 140 3a,D,Hett: IIO,IlCBeTKH ll 

ll30JIHpyIOmett: KOHCTpyKu;HeH 9. TerrrrorrpOB0)];51IIlllH pa3.ri;eJIHTeJib 16 KaHaJIOB TaK)Ke MO)KeT 

y,D,aJI51Tb Tenrro rrII6o OT 6rroKa 140 3a,D,He11: rro,IlcBeTKII, n1160 OT H30JIHPYIOIIlett KOHCTPYKIJ;IIH 

10 9 II MO)KeT pacceHBaTb TeIIJIO B B03,iJ,YX, nepeMemaIOIIlIIHC51 ITO KaHaJiy 15. TaKHM o6pa30M, 

HeKOTOpbie pa3.ri;emneJIH 16 KaHaJIOB MOryT co.ri;ep)KaTb ope6peHrre llJIH TenJI0OTBO,D,bI, qT06bI 

o6rrerqaTh Tenrrorrepe,Ilaqy K B03,uyxy, rrepeMemaIOIIleMyc5I rro KaHarry 15. 
<PHr. 6 noKa3hIBaeT Bll,D, BHH3Y e,D,llHCTBeHttoro KattaJia 15, K0T0pbIH C0,Ilep)KIIT TeIIJI00TBO,il; 

12 ,D,JI5I M0):IYJI5I IIHTaHH5I, ycTaHOBJieHHoro BttyTprr H30JIIIpyIOmett: KOHCTPYKIJ;Hll 9. HeKOTOpbie 

15 KattanbI 15 MoryT CO,D,ep)KaTb Mo,;::i:yrrrr IIHTattII51, a ,[!pyrIIe MoryT lIX He CO,[!ep)KaTb. ,z:::t;rr51 Toro 

qTo6bI BT51rHBaTb B03,nyx qepe3 KaHarr 15 ,Il;JI51 OXJia)K,D,eHH51 TeIIJIO0TB0,D,a 12 (eCJIH OH 

HCnOJib3yeTC51) H pa3,z:i;eJmTeJieH 16 KaHanOB ( eCJIII OHH Tennonp0B0,D,51IIlIIe ), TaK )Ke KaK 3a,D,ttett: 

no,r:i;cBeTKH 140 (llJIH 0JIOKa LED ,D,JI51 CBeTO,il;HO,D,H0ro JJ:HCnJie5I), MO)KeT HCIIOJib30BaTbC51 

BeHTllJI5ITOp 17 KaHana. Ka)K,IlbIH Kattan 15 MO)KeT co,z::i;ep)KaTb 0,IlllH llJIH 0OJiee BeHTllJI5ITOpOB 

20 17 KaHana. HeKOTOpbie KaHaJibI MoryT BOO0IIle He co,z::i:ep)KaTb BeHTllJI5IT0p, a MoryT 

norraraTbC51 HCKJIIOqHTeJibHO Ha ecTeCTBeHHYIO KOHBeKI.J,HIO, II03BOJI5151 TenJiy yBeJIHq1maTbC51 

H BbIXO,IlHTb II3 KaHaJia. KaK 6y.ri;eT rro,npo6Ho o6cy)K,i],aThC51 HH)Ke, BeHTllJI51T0pbI M0ryT 0bITb 

pa3MeIUeHbI B 6rroKe JJ;HCIIJie51 r,z::i:e yro,IIH0 II MoryT HCnOJih30BaThC5I ,D,JI51 Toro, qT06hI 

BT51rHBaTh B03,D,YX qepe3 KaHaJibI, npoTaJIKIIBaTh B03,nyx qepe3 KaHanbI llJIH H ,D,JI5I Toro, II 

25 ,D,JI5I ,;::i:pyroro. 

B TO BpeM5I KaK ,IJ;IICIIJieH HaXO,UIITC5I B rrpou;ecce pa60ThI, BeHTllJI5ITOpbI 17 KaHana MoryT 

pa6oTaTb HerrpepbIBH0. B KaqecTBe anbTepHaTHBbI, B Ka)K,D,hltt:KaHan MoryT 6hITb II0MemettbI 

TepMoqyBCTBHTeJibHbie ycTpOtt:CTBa (He noKa3aHbI) H HCnOJib30BaTbC51 ,D,JI51 II3MepeHH51 

TeMnepaTypbI BHYTPH KaHana llJIH JII06oro H3 KOMnOHeHTOB KaHarra (6JIOKa 3a.ri;HeH IIOJJ;CBeTKH 

30 IIJIH ;'1,HCIIJie5I, H30JIHPYIOIIleH KOHCTPYKI.J,HH llJIH pa3,neJIHTerre11: KaHaJIOB). OCHOBhIBa51Cb Ha 

,naHHbIX, rrorryqeHHbIX OT 3THX TepMoqyBCTBHTeJibHbIX ycTpOtt:CTB, MOryT 6bITb BOBJieqeHhI 

no BhI6opy pa3JIHqHbie BeHTllJI5ITOpbI B 3aBHCHMOCTH OT Toro, ,IlJI51 KaKoro KaHarra Tpe6yeTC51 

OXJia)K,[leHIIe. TaKHM o6pa30M, BeHTllJI5ITOpbI 17' KOTOphie BT51rIIBaIOT B03JJ:YX qepe3 KaHanbI 

15, co.ri;ep)KaIIllle MO,D,YJIH IIHTaHII51, MOryT pa6oTaTb qaIIle llJIII Ha 6orree BbICOKHX CKOpOCT5IX 

35 BpameHH5I II3-3a 6oJihIIIero KOJIHqecTBa Terrna, rrocTyrra10mero OT Mo,z:i;yrrerr rrHTaHH5I. KpoMe 

Toro, KattaJibI, KOTOpbie co;:i:ep)KaT MO,IJ;YJIH IIIITaHH5I, ,l],JI5I OXJia)K,;::J:eHII5I KaHaJia MoryT 

co,;::i:ep)KaTb 6onee KPYIIHhie BeHTllJI5ITOpbI IIJIII MttO)KecTBO BeHTIIJUITOpOB. 

<PIIr. 7 noKa3hIBaeT ,D,pyrott: BaprraHT ocyIIleCTBJieHH5I, B KOTOpOM HCIIOJib3YeTC5I 

TerrnorrpOBO,Il5IIIJa51 IIJiaCTHHa 10 H pe6pa 18. B O,IJ,HOM BapHaHTe ocyIIleCTBJieHH51 6a30Ba51 

40 IIJiaTa 8 MO,D,ymi: IIIITaHH51 MO)KeT HaXO,D,HTbC5I B TeIIJIOBOM KOHTaKTe C TeIIJIOIIpOBO,Il5IIIleH 

IIJiaCTHHOH 10. B ,D,pyrttx BapHaHTax ocyIIleCTBJiemrn 6a30Ba51 IIJiaTa 8 MO)KeT He 

HCIIOJib30BaTbC5I H BMeCTO 3TOro M0,D,YJib 7 IIHTaHHH MO)KeT HaXO,IJ;HTbC51 B rrp5IMOM TeIIJIOBOM 

KOHTaKTe C TerrnonpOBO,D,5IllleH nnaCTHHOH 10. Ifa-3a TerrrrorrpOB0,D,51IIJeH rrpHpO,D,bl nJiaCTHHbI 

10 H pe6ep 18 H TenJIOBOro KOHTaKTa Me)K,D,y HHMH Terrrro, KOTOpoe npOH3BO,D,HTC51 MO,IJ;YJI5IMH 

45 nHTaHH51, MO)KeT pacnpe,[!eJI51TbC51 no Beet! IIJiaCTHHe 10 H BCeM pe6paM 18. B rrpHMepHOM 

BapttaHTe ocyIIleCTBJieHH5I nYTh oxna)K,D,aIOIIlero B03,D,yxa 20 (ra3a oKpy)KaIOmerr cpe,z:i;b1) 

HCIIOJib3yeTC5I ,D,JI51 OTBe,D,eHH:5I Tenna, KOTOpoe HaKanJIHBaeTC51 Ha IIJiaCTHHe 10 H pe6pax 18. 
B KaqecTBe aJibTepHaTHBbI, TaK)Ke MO)KeT IICIIOJib30BaTbC5I rrpou;ecc eCTeCTBeHHOH K0HBeKIJ;IIH, 
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IITO0hI TI03B0JI5ITb Tenny BbIX0,Il;HTb II3 nrraCTIIHbI 10 ll pe6ep 18. 
,1J.JI5I Toro '1T06hI ycTaHaBJIHBaTb 3JieKTp0HHhie 6JIOKH, TaKHe KaK PCB, HaK0IUITeJIH Ha 

2KecTKlIX ,Il;lICKax, rraHeJIH CHHXp0HH3aI{lilI lI ynpaBJieHH5l, KaTyIIIKH HH,IJ;YKTHBH0CTH H ,n:a2Ke 

M0,n:yJIH TIHTaHH5I, eCJIH Tpe6yeTC5I, MoryT llCII0Jih30BaTbC5l MH02KeCTB0 M0HTa2KHhIX KJieMM. 

5 MOHTa2KHhie KneMMhI TaK2Ke MoryT 6bITh TeILIOnp0B0,'1;5lIIUIMH, IIT06hI Terrno, K0TOpoe 

Bbipa6aThIBaeTC5I 3THMll 3neKTpOHHbIMll 6noKaMH, TaK2Ke MOrno nepe,n:aBaTbC5I K rrnacnrne 

10 ll pe6paM 18 II 0TB0,Il;llTbC5l oxna)K,Il;aIOIIIIDtI B03,z:i:yxmvI 20. 
B npIIMepH0M BapttaHTe ocyIIIeCTBneHH5I TIJiaCTIIHa 10 M02KeT o6ecrreIIHBaTh 6apnep )J,Jrn 

ra3a ll 3arp5l3HeHHH Me2K,n:y CT0p0H0H, co.n:ep2KaIUeH pe6pa 18 (H oxna)K,Il;aIOIIIIIH B03,n:yx 20), 
10 II CT0pOH0H, co.n:ep2KaIUeH M0HTa2KHhie KneMMhI, MO,n:ynII mITaHH5l ll nI06hie .n:pyrtte 

3neKTPOHHhie 6nOKH. EcnII rrrraCTHHa 10 o6ecrreIIHBaeT CO0TBeTCTBYIOIIIlfH 6aphep, 

aTMOCcpepHbIH B03,z:i:yx M02KeT 3aCaChIBaThC5l B Ka'1eCTBe 0XJia)K,llaIOIIIero B03,l],yxa 20 ll pHCK 

rrp0HHKH0BeHII5I 3arp5l3HeHHH Ha CT0p0HY nrraCTHHhI 10, co,n;ep2KaIIIHIT qyBCTBHTeJihHhie 

3JieKTpOHHhie K0MTIOHeHThI, M0)KeT 6hITh Yl'vleHbIIIeH lIJIH llCKJIIOIIeH. BnyCKHOe 0TBepcnie 

15 25 M0)KeT HCTI0Jih30BaThC5I ,i],JI5I Toro, IITO0hI npHHIIMaTh 0XJia2K,n:aIOIIIIIIT B03,n;yx 20 II 
HarrpaBn5ITh ero B,n:onh pe6ep 18. 

Pe6pa 18, II0Ka3aHHhie B 3TOM BapIIaHTe ocyIIIeCTBneHII5I, IIMeIOT rronoe rrp5IM0yronbH0e 

ceIIeHIIe, HO 3TO He 5lBn5leTC5I He06XO,i],IIMbIM. )],pyrrre BapIIaHTbI ocyIIIeCTBneHM5I MoryT 

co,n:ep2KaTh pe6pa c JJ:ByTaBpOBhIM rrpocpMJieM, c ceqemrnMH B BII;:i:e rronhIX KBa,i],paTOB, c 

20 ceIIeHH5IMM B BH,n;e Tena C np5IM0yronhHbIMll rpaH5IMll Hnll Tena C KBa,n;paTHbIMll rpaH5IMII, 

T-o6pa3HbIMll ceIIeHII5lMll, Z-o6pa3HbIMll ceIIeHH5IMll, C ceIIeHIIeM rocppttpOBaHHOro rHyToro 

rrpocpttn5l, llnll C COT006pa3HbIM ceIIeHHeM, MJill C JII06orr llX KOM6HHau:tteH MJIII K0MII03HU:1Ierr. 

IIpe;::i,rrOIITIITeJihHO, '1T06hr pe6pa 18 6hIJIII Terrnorrp0B0.D:5IIIIHMll. B HeKOTOpbIX BapIIaHTax 

ocyweCTBJieHH5I .D:JI5I H3rOT0BJieHH5I pe6ep 18 MO)KeT llCIIOJib30BaThC5I MeTaJin. 

25 <DHr. 8 II0Ka3hmaeT .n:pyrorr napHaHT ocymecTnneHH5I, n K0T0p0M pe6pa 18 HCTI0Jib3YIOTC5l 

,n:JIH pacrrpe,n:eneHHH Terrna OT 6noKa 3a,n:Herr no,n:cBeTKH II ero oxJia)K,n:eHH5I. EnoK 3a,z::i;tterr 

IIO)J,CBeTKH B 3T0M BapHaHTe ocyIIIeCTBJiem-rn BKnIOIIaeT B ce65I MH0)KeCTBO ycTpO.HCTB 32 
0CBeIIIeHH5l, K0T0pbie ycTaH0BJieHbI Ha Terrnorrp0BO,I1,5lIUe.H rro,n:n0)KKe 30. B rrpHMepH0M 

Bap11aHTe ocyIIIeCTBneHII5l ycTp0HCTBaMH 32 OCBeIIIeHII5I MoryT 6nITb LED, a 

30 Terrnorrp0B0.D:HIIIerr TI0WI0)KK0.H 30 M0)KeT 6hITb PCB II 6onee npe;:i:n0IITIITenhH0 PCB C 

MeTanJIHIIeCKIIM cepµe'1HIIK0M. Ha II0BepxH0CTll Tennonp0B0)l5IIIIe.H II0,i],JI0)KKll 30, K0T0pa5I 

o6paIIIeHa K pe6paM 18, M0)KeT 6hITb Terrnorrp0B0,Il5IIIIa5I II0BepxH0CTb 35. B rrpIIMepH0M 

BapIIaHTe ocyIIIeCTBneHII5I Terrnorrp0B0,IJ,5lIIIa5I II0BepxH0CTb 35 M02KeT 6hITb MeTaJIJIII'1eCKOIT 

II 6onee rrpearr0IITHTenhH0 anIOMHHIIeB0IT. 5IBn5IeTC5l rrpe,IITI0IITIITenhHhIM, '1T06bI pe6pa 18 
35 HaX0,IJ,lIJIHCb B TeTIJI0B0M K0HTaKTe C 3a,n:He.H II0BepxH0CThIO 35 II '1T06hr 3a,IJ,H5l5l TI0BepxH0CTb 

35 Haxo,n;HJiaCh B TeTIJI0B0M K0HTaKTe c TeIIJI0np0B0,IIHIIIerr TI0!'J,JI0)KK0IT 30. O,IIHaKO B 

HeK0T0pbIX BapIIaHTax ocyIIIeCTBJieHmI Terrnorrp0B0)lHIIIa5I II0.U:JI0)KKa 30 M0)KeT co,n:ep)KaTb 

Tpa,IIIIIJ;H0HHhie MaTepIIanhI PCB, a He PCB c MeTannnqecKHM cep,n:eqHIIK0M HJIH nro6nre 

MaTepttanhI c BbIC0K0.H Tennonp0B0,rJ:H0CThIO. Hatt6onee npe.n:rroqTIITenbHhIM 5IBJIHeTC5I, 

40 qT06hI Me)K.n:y YCTP0HCTBaMII 32 0CBeIUeHH5I II pe6paMII 18 6hIJI Hll3KllH ypoBeHh TerrnoBoro 

corrp0TllBJiemrn. Oxna2K,naIOIIIIIH B03;:i:yx 20 CH0Ba M0)KeT HarHeTaThC5I B,n:0nh pe6ep 18, 
qT06hI 0TB0.U:IITh Terr.TIO OT 6noKa 3a,r:i:HeH IIOJJ:CBeTKM. KoHeqHo, 3T0 TaK)Ke M0)KeT 

rrp0IICXO)lIITb qepe3 ecTecTBeHHYIO K0HBeKIIHIO, HO 6onee 3cpcpeKTIIBHOe 0XJia)K,IJ,eHHe o6nIIJHO 

Ha6nro,n:aeTC5I npII llCIIOJih30BaHIIII HarHeTaeM0H K0HBeKIIHM. EnoK ll306pa)KeHH5I (TaKOH, 

45 KaK ;rncrrneH OLED, B KOT0POM 3a,IJ:H5l5I no,n;cBeTKa M0)KeT He llCIIOJih30BaThC5I) TaK)Ke MO)KeT 

IICIIOnh30BaTbC5I BMecT0 6noKa 3a,IIHerr II0,IICBeTKll ,n:JI5I 0XJia)K,IJ,eHII5I 6.rroKa ll306pa)KeHH5I. 

KaK 6hIJIO OTMeIJeHO BbIIIIe, MH0nie yCTp0IICTBa OCBeIIIemrn: (oco6eHHO ,n:H0)lbI LED tt 
OLED) 1v-10ryT IIMeTh 3KcrrnyaTaQH0HHhre xapaKTepHCTHKH, K0T0phre H3MeHHIOTCH B 
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3am-1cttMOCTH OT Te1vmepaTyphI. Kor,n;a «rop5ILIHe ToqKH» rrpHCYTCTBYIOT BHYTPH 6noKa 3a,D;Heit 

IIO,UCBeTKM HJIH OCBeru:eHM5I, 3TH rop5IqHe TOqKH MoryT rrpHBO,UIITh K HeO,UHOpO,UH0CT5IM B 

rronyqaIOll.{eMC5I lf306pa)KeHIIH, KOT0phie MoryT 6hITh BH,UlIMhIMH M51 KOHeqHoro 

IIOJih30BaTe.TI51. TaKHM o6pa30M, C BapHaHTaMlI ocyru:ecTBJieHH51, OIIHCaHHhIMH B ,n;aHHOM 

5 0IIHCamm, TeIIJIO, KOTOpoe MO)KeT Bbipa6aThIBaThC5I 6JIOKOM 3a,n:Heit IIO.IJ:CBeTKH, MO)KeT 

pacrrpe,n;eJI5IThC51 ITO pa3miqHhIM pe6paM lI no BCeM Terrnorrp0BO,D;5IIIUIM IIOBepxHOCT5IM, qT06hI 

YCTPaH51Th rop51qlfe TOqKn n OXJia)K.D:aTh 3a,D;HIOIO II0,D;CBeTKy. 

B npmv1epH0M BapnaHTe ocyru:ecTBJieHH:51 pe6pa 18 MoryT ncrroJih30BaThC51 .um, oxna)K.IJ:eHH:51 

n 6noKa 3a,n:HeR IIO,D;CBeTKU, n MO.UyJieR IIlITaHirn. B ,UOIIOJIHlITeJihH0M npIIl\1epHOM BapIIaHTe 

10 ocyru:eCTBJieHII5I pe6pa 18 TaK)Ke MOryT UCIIOJih30BaThC5I M5I OXJia)K.IJ:eHU51 JII06hIX 

.IJ:OIIOJIHUTeJihHhIX 3JieKTP0HHhIX 6JIOKOB rrocpe,n:CTB0M HX pa3Meru:eHH51 B TeIIJIOBOM KOHTaKTe 

C TerrnorrpOBO,Il;51ill:eR rrnacnrnoit 10. TaKHM o6pa30M, C pe6paMH 18 B u;eHTpaJihHOM 

pacnOJIO)KeHHU, «rrepe,n:H5I5I CT0pOHa» M0)KeT 6hITh HarrpaBJieHa K HaMeqeHHOMY Ha6JIIO,UaTeJIIO 

,IIHCTIJie5I, B TO BpeM5I KaK «3a,;::J;H5I5I CTOpOHa>> 6y,neT Ha np0THBOTI0JIO)KHOR CTOp0He OT 

15 HaMeqeHH0ro Ha6JIIO,IJ,aTeJI51. I103TOMY rrepe,.U:H5I51 CT0p0Ha pe6ep 18 M0)KeT 6hITh B TeIIJI0B0M 

K0HTaKTe C 6JIOKOM :m,;::i;Heii II0.[lCBeTKH (HJIH ,r:i:pyrHM 6JIOKOM 0CBeru:eHH5I HJIH 6JIOKOM C03,I1;aHU51 

U306pa)KeHIIR), a 3a,IJ;H5I51 CT0pOHa pe6ep 6y,n;eT B TeIIJI0B0M K0HTaKTe C 3a,QHeH IIJiaCTUH0R 

(To ecTh c TerrnorrpoB0.IJ:51ru:efi rrnacnrnofi 10). Tor,IJ;a .IJ:JI5I oxna)K.IJ:eHn51 BHyTpeHHero 

rrpocrpaHCTBa ,Z:lllCIIJie5I MO)KeT UCIIOJih30BaThC51 e,IJ,HHCTBeHHhlll nyTh OXJia)K.IJ:aIOru:ero B03,Qyxa, 

20 B TO Bpervrn KaK pa3.TinqHhie rop51qHe TOqKH MoryT pacnpe,IJ;eJI51Th TeIIJIO ITO BCeM pe6paM H 

;:i:pyrnM TeIIJionpOBO.IJ:51ll.{UM IIOBepxHOCT51M, qT06hI o6ecrreqnBaTh Han6oJiee 3cpcpeKTUBHOe 

OX.Tia)K.IJ:eHne. 3TO MO)KeT 6hITh BhITIOJIHeHO 6e3 Heo6xo.unMOCTII II0.[lBepraTh qyBCTBIITeJihHhie 

3JieKTpHqecKHe KOMII0HeHThl B03,lleRCTBHIO 3arp513HeHHH n/mIH TBep,IJ,bIX qaCTIUJ: ra3a 

oKpy)KaIOru:eit cpe,rihI. 

25 <Dttr. 9 II0Ka3hrnaeT 3a;:i:mrrr yrncT0K rrpHMepHoro 3JieKTp0HH0ro ,llUCIIJieH 100, B K0TOp0M 

3a,I1;H515I KpbIIIIKa ,llJI51 KOprryca ,llHCIIJie51 y,r:i:aneHa, qT06hI IIOKa3a Th BHyTpeHHHe K0MII0HeHThI. 

B 3T0M BapHaHTe ocyru:ecTBJieHlI516JIOKH 102 H 103 BeHTHJI51T0p0B ,D,JI513aMKHYTOro K0HTypa 

I.J;HPKYJHipyIOru:ero ra3a MoryT 6hITh pa3Meru:eHhl B,ll0Jih ,llBYX rrp0TIIBOII0JI0)KHbIX KpaeB 

Terrnoo6MeHHHKa 101. Ilpe,rirroqTlITeJihHO 6JIOK 102 BeHTllJI5IT0pa 5IBJI5IeTC5I BXO,J:0M ,llJI5I 

30 Terrrroo6MeHHHKa, a 6JIOK 103 BeHTHJI51T0pa 51BJIHeTC51 BhIXO.UOM M5I Terrnoo6MeHHHKa 101. 
O,ri:HaKO, Heofol3aTeJihHO, 3TH 6JIOKH MoryT 6hITh HHBepTHpOBaHhl TaKUM o6pa30M, qT06hI 

6JIOK 103 BeHTHJI51TOpa 51BJI5IJIC51 BXO,ll0M, a 6JIOK 102 BeHTHJI51T0pa 51BJI51JIC51 BhIXO,llOM. KpoMe 

Toro, o6a 6JIOKa 102 If 103 He 5IBJI51IOTC51 He06XO,llUMhIMU. HeKOTOphie BapnaHThl 

ocyru:eCTBJieHU51 MOryT HCTIOJib30BaTb T0JibKO o,r:i:nH 6rroK BeHTllJI51T0pa ,llJI51 3aMKHYTOro 

35 KOHTypa QHpKynttpyioru:ero raJa. Ecm-1 HCII0Jih3yeTC51 T0JihK0 o,n;HH 6JIOK BeHTUJI5ITOpa, 

rrpe,llrr0qTnTeJihH0 pa3Meru:aTh 3TOT 6JIOK BeHTHJI5IT0pa Ha BX0,n;e TeIIJI006MeHHHKa 101, 
LIT06hI IJ:npKyJinpyIOru:HH ra3 «BhITHI'HBaJICH» qepe3 rrepe,;::i;HIOIO CT0p0HY 6JIOKa H306pa)KeHH51 

lI rrpoTaJIKHBaJIC5I qepe3 TeIIJI006MeHHHK 101. O,z:i;HaKO :no He 5IBJI5IeTC5I Heo6xo,r:i:HMhIM; B 

,llpyrnx BapHaHTax ocyru:ecTBJieHU5I H30JIHp0BaHHhIH: ra3 MO)KeT BhIT5IrHBaThC51 qepe3 

40 Terrnoo6MeHHHK 101. B ,npyrIIX BapHaHTax ocyru:ecTBJieHirn H30JIHp0BaHHhIH: ra3 MO)KeT 

rrpoTaJIKHBaThC51 qepe3 rrepe,r:i:HIOIO CT0pOHY 6.TIOKa H306pa)KeHU51. EJIOKH 104 n 105 
BeHTUJI51T0pOB ,llJI51 pa30MKHYT0ro KOHTypa ra3a OKpy)KaIOru:ert cpe,ru,1 MoryT 6hITb pa3Meru:eHhl 

B,llOJih .llBYX rrpOTUBOII0JIO)KHbIX KpaeB K0prryca .[lHCIIJie51. CHOBa o6a 6rroKa 104 tt 105 He 

51BJI5IIOTC51 Heo6xo,nHMhIMH, TI0CK0JibKY B HeK0TOpbIX BapnaHTax ocyru:ecTBJieHH51 MO)KeT 

45 HCIIOJib30BaThC51 T0JibK0 O,llHH 6JIOK, H 6JIOKU BeHTHJI51TOp0B pa30MKHYTOro K0HTypa M0ryT 

HCII0Jih30BaTh B KOHCTPYKI.J;HH rrpoTaJIKHBaHH51 HJIH BT51rHBaHH5I. I103TOMY, K0r,r:i;a ,n;eJiaeTC51 

CChIDKa Ha pa3Meru:eHne pa3JIHqHbIX 6JIOKOB BeHTUJI5ITOpOB, TepMHHbl «rrpoTa.:'IKHBaTh», 

«BbITHrHBaTh», «BCaChIBaTh» H «HarHeTaTh» MoryT IICIIOJib30BaTbC51 B3aHM03aMeHHeMhIM 
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o6pa30M ll JII06a51 opHeHTaI.J,H51 M0)KeT HCTIOJib30BaThC51 C pa3JIWIHbIMH BapHaHTaMH 

ocymeCTBJieHirn, npe,z::i;cTaBJieHHbIMH B ,IlaHH0M 0TIHCaHHH. 

ll.llPKYJillPYIOI.QllM ra3, KOTOpbIM HarHeTaeTC51 C TIOM0I.QbIO 6JIOKOB BeHTllJI51T0p0B 

3aMKHYTOro KOHTypa, npe)K,Qe BCero IVIPKYJIHpyeT BOKpyr ,l:lllCIIJie51. Hanpmv1ep, 

5 I.J,HpKyJmpyIOIIUIM ra3 rrepeMemaeTC51 B KOHType, B KOTOp0M OH KOHTaKTHpyeT C rrepe,z::i;HeH 

noBepxHOCTbIO 6JIOKa ll306pa)KeHH51 ( CM. qmr. lOA- lOB), H rrepe,z::i;aeT Tenno OT 6JIOKa 

H3o6pa)Kemrn K u,ttpKynttpyIOIIIeMy ra3y. 3aTeM u,ttpKynttpyIOIIIHM ra3 npe,z::i;no-.:.i:THTeJihH0 

HarrpaBJrneTC51 (JIJIH BbIT51rHBaeTC51, llJIH HarHeTaeTC51 ll T . .IJ:.) B Tennoo6MeHHHK 101, T.J:T06hI 

nepeJJ,aBan, Tenno OT u,ttpKynttpyIOmero ra3a K ra3y oKpy)KaIOmett: cpe,n:1,r. Bnocne,z::i;cTBHH, 

10 I.J,HpKyJmpyIOIIIHM ra3 BbIXO,.'J,HT H3 Tennoo6MeHHHKa 101 tt MO)KeT B03BpamaThC51 K rrepe,n:Hett: 

noBepxHOCTll 6JIOKa H306pa)KeHH51. ll.HPKYJIHPYIOIIIHH ra3 TaK)Ke MO)KeT rrp0X0.IJ:llTb IIOBepx 

HeK0TOphrx 3JieKTpOHHhrx K0MnoHeHTOB 110, -.:.i:To61,r Y.IlaJI51Th Tenno TaK)Ke H3 3THX ycTP0MCTB. 

3neKTpOHHhie KOMnOHeHThI 110 MoryT 6hITb ~"II06hIMH K0MIIOHeHTa1vrn llJIH 6JIOKa1vnI, 

HCn0Jih3yeMhIMH M51 MaHHIIYJIHpOBaHH51 ,IlHCTIJieeM, BKJIIOT.J:a51, HO He orpaHHqHBa51Cb 3THM: 

15 TpaHC<:pOpMaTOpbI, neqaTHhie na"IaThI, pe3HCT0pbI, K0H.IJ:eHCaTOpbI, 6aTapeH, M0.IJ:YJIHTIHTaHH51, 

.IJ:Bllra TeJIH, Ka TynIKH HH.IJ:YKTHBHO(.,'TH, ycTp0H(.,'TBa 0CBemeHH51, Me)KCOe,IlttHeHHH ll MOHTa)KHbie 

)KryThI, HCTOqHllKll CBeTa, TepM03JieKTPHT.J:eCKHe ycTpOHCTBa H rrepeKJIIOT.J:aTem1. B HeK0TOpbIX 

BapHaHTax ocymeCTBJiemrn 3JieKTpHqecKHe KOMnOHeHTbI 110 TaK)Ke l'vIOryT BKJIIOqaTh B ce6H 

HarpeBa TeJIH, KOr,n:a OJI OK .IJ:HCIIJieH MO)KeT HCIIOJib30Ba ThC51 B 0Kpy)KaIOIIIJIX cpe,IlaX X0JIO,QHOro 

20 KJIHMaTa. 

qT06hI OXJia)K,lJ;aTh I.J,llPKYJillPYIOIIIHH ra3 (a TaK)Ke, He06513aTeJihHO, 0XJia)K,lJ;aTh 6JIOKH 

3aJJ:HeH no.i::i:cBeTKll JIJIH 6JIOKll ll306pa)KeHll51, KaK rrpe.,::i:CTaBJieH0 BbIIIIe ), ra3 0Kpy)KaIOmett: 

cpeJJ,hI 3acachrnaeTC51 B K0pnyc ,DJICnJie5l 6JIOKOM 104 llillJill 105 BeHTllJI51T0pa pa30MKHYT0ro 

KOHTypa. ra3 0Kpy2I<aIOIIIeM cpe,n:hI M0)KeT 6hITb rrpOCT0 aTMOC<:pepHbIM B03.II:YXOM, K0TOpbIH 

25 0Kpy)KaeT ,il;HCTIJieH 100. B HeKOT0pbIX napHaHTax ocymecTBJieHHH ra3 0Kpy)KaromeM cpeJ],bI 

M02KeT 0hITb KOHJJ:HI.J,HOHUpOBaH ,z:i:o BCaChIBaHH51 B ,IlHCTIJieM C TI0MOIIIbIO 0,IlHOro HJIH 6orree 

6JIOKOB KOH,.'J,HI.J,HOHHpOBaHll51 B03,z::i;yxa (He IIOKa3aHbI). KaK TOJihKO ra3 0Kpy)KaIOmeit cpe,z:i:hr 

3acachrnaeTC51 B ,IlllCIIJieH, OH M0)KeT 6hITb HarrpaBJieH (HJIH HarHeTeH) B Termoo6MeHHHK 101 
H, He06513aTeJihHO, TaK)Ke qepe3 3aJJ:HIOIO IIOBepxHOCTb 6JIOKa 3a,rmeit nOJJ:CBeTKH JIJIH 6JIOKa 

30 n3o6pa)KeHH51 (cM. c:ptt:r. l0A-lOB), JIJIH ,r:i:a2Ke pe6pa/KaHaJihI, KaK noKa3aHo BhrIIIe, HJIH qepe3 

M0.II:YJill nHTaHHH, KaK noKa3aH0 BbIIIIe. IIpn HCnOJih30BaHHll Tennoo6MeHHHKa 101, Tenno 

nepe,r:i:aeTC51 OT I.J,HPKYJIHPYIOIIIero ra3a K ra3y OKpy)KaIOmet'I cpe,z:i:hI. 3aTeM HarpeThIH ra3 

0Kpy2KaIOmett: cpe,z:i:hI YJJ:aJI51eTC5I ll3 K0prryca JJ,HCIIJie5I. 

XOT51 3T0 He 51BJI5IeTC5I He06XO.II:llMhIM, npe,DnoqTHTeJibHO, qTO0bI UHPKYJIHpYIOIIIHH ra30BbIH 

35 H ra3 0Kpy)KaIOmett: cpeJJ:hl He CMeIIIHBaJillCb. B npe,n;noqTHTeJihH0M BapHaHTe ocymecTBJieHH51 

Tenrroo6MeHHllK 101 M02KeT 0bITb Tennoo6MeHHllKOM C rrepeceKaIOIIIHMHC51 HarrpaBJieHHHMH 

n0TOK0B. O,;::i;HaKO ll3BeCTHbl MH02KeCTB0 Tlln0B Terrrroo6MeHHllKOB, ll 0Hll MoryT 

llCn0Jih30BaThC51 C JII06hIM H3 BapIIaHT0B ocymecTBJieHH51, npe,z::i;cTaBJieHHbIX B ,naHH0M 

0IIHCaHllll. Terrnoo6MeHHllK 101 M02KeT 6hITb Terrrroo6MeHHllKOM C rrepeceKaIOI.QHMllC51 

40 HarrpaBJieHH51Mll n0T0KOB, C rraparrneJihHbIMH IIOT0KaMH llJIH C rrepeKpOCTHbIMll II0T0KaMH 

(«Tpy6Ka BHYTPll Tpy6KH» HJill HHaqe). B npHMepH0M BapllaHTe ocymecTBJieHH51 

TeIIJIOO0MeHHllK 101 M0)KeT 6hITb C nepeceKaIOIIIHMHC51 HanpaBJieHHHMH II0T0KOB, II OH 

M02KeT C0CT051Tb ll3 MH0)KeCTBa pacn0JI0)KeHHbIH ,Ilpyr Ha,r:i: ,z::i;pyroM CJIOeB T0HKHX nrraCTHH. 

IInaCTHHbl M0ryT IIMeTI, roc:ppttpOBaHHYIO llJIH COT006pa3ttyIO KOHCTPYKI.J,HIO, B K0TOP0M 

45 MH0)KeCTBO npoxo,z:i:oB HJIH KaHaJIOB np0XO,II51T BHH3 no IIJiaCTtt:He B npo,r:i:om,HOM HanpaBJieHHH. 

IInaCTHHbI MoryT 6hITb CJIO)KeHhI TaK, qTo HanpaBrreHll51 np0X0,Il0B qepe,n:yIOTC51 C Ka)K,n:0H 

CMe)KHOH IIJiaCTHH0H, TaK qTo npOX0,D;bI Ka)K,I],0M nrraCTllHbI 51BIT51IOTC51 no cymecTBY 

neprreH,IIllKYIT51pHbIMll rrp0XO,IlaM CMe2KHbIX rrrraCTHH. TaKllM o6pa30M, ra3 M0)KeT BX0,IlllTb 
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B TeIIJIOO0MeHHllK T0JTbK0 qepe3 IIJiaCTllHbI, rrp0X0,IIbI MJill KaHaJibI K0T0pbIX np0X0,i:UIT 

rrapaJIJieJihH0 rryTtt rrpoxo)K,IleHH5I ra3a. IIocKOJihKY rrrracnIHhI 11epe,n:yIOTC5I, ra3hI 3aMKHyToro 

K0HTypa ll 0Kpy)KaIOI.QeH cpe,IIbI MoryT rrepeMeI.QaTbC51 B IIJiaCTHHax, K0T0phie 5IBJI5IIOTC51 

CMe)KHhIMll ,ilpyr C ,IIpyroM, ll Terrrro M0)KeT rrepe,IIaBaThC5I Me)K,Ily 3TllMH ,IIBYM51 ra3aMM 6e3 

5 CMennmaHH51 caMMX ra30B ( ecmI Temroo61vreHHllK C00TBeTCTBYIOI.QllM o6pa30M 

repMeTH3llp0BaH, qTo 51BJrn:eTC51 rrpe,IIII0I.JTHTeJibHbIM, HO He 06513aTeJihHhIM). 

B aJihTepHaTHBH0H K0HCTPYKI.l,llii B rrpoMe)KyTKe Me)K,Ily rrapaMll CHa6)KeHHhIX KaHaJiaMll 

MJill COT006pa3HhIX IIJiaCTHH M0)KeT 6hITh pa3Me:meH 0TKpbITbIH 3a3op. OTKpbITbIH 3a3op 

M0)KeT np0X0,IIllTb B HarrpaBJieHllll, K0T0poe neprreH,IIllKYJI51pH0 KaHaJiaM rrnacnrn. 3TOT 

10 0TKpbITbIH 3a3op M0)KeT 6hITb C03,IIaH C II0M0I.QbIO ,IIBYX II0JI0C MaTepMaJia lIJIH JieHTbI 

(oco6eHHO JieHTbI KJieeBoro coe,!lHHeHH:51 C 0I.JeHh BhIC0K0H rrp0I.IH0CTbIO (VHB)) Me)K,Ily ,IIBYM51 

rrp0THB0II0JI0)KHbIMlI Kpa5IMH IIJiaCTHH B HarrpaBJieHllll, K0T0poe rreprreH,IIllKYJI51pH0 

HarrpaBJieHHIO KaHaJI0B B CMe)KHbIX IIJiaCTHHax. TaKHM o6pa30M, ra3 M0)KeT rrp0X0,IIHTb 

qepe3 0TKpbITbIH 3a3op (naparrrreJibHbIH II0JI0CaM MJill rreHTe), HO He M0)KeT rrp0X0,ilHTh qepe3 

15 0TKpbIThIH 3a3op B HarrpaBJieHMll, K0T0poe rreprreH,IIMKYJI51pH0 II0JI0CaM MJIM JieHTe 

(rraparrJieJihHO KaHaJiaM CMe)KHhIX IIJiaCTllH). 

,IJ.pynie THIIbI TeIIJI006MeHHllKOB C rrepeceKaIOI.QMMllC51 HarrpaBJieHH51Mll II0T0K0B MoryT 

BKJIIOqaTh B ce651 MH0)KeCTB0 TPY60K, K0T0pbre C0,IIep)KaT rrepBbIH ra3 ll rrp0X0,IJ,51T 

rreprreH,IJ,HKYJI51pHo rryn1 rrpoxo)K,IleHH51 BToporo ra3a. Kor,z:i:a BTopott ra3 rrpoTeKaeT rroBepx 

20 Tpy6oK, co,z::i:ep)Ka_l_QHX rrepBbIH ra3, Me)K,Ily 3TlIMM ,IIBYM51 ra3aMH rrp0MCX0,IJ:HT TeIIJI006MeH. 

QqeBH,IIHO, qTo cyI.QeCTByeT MH0ro THII0B Tenrroo6MeHHlIKOB C nepeceKaIOI.QlIMHC51 

HarrpaBJieHH5IMH II0T0K0B, H JII060H TllII M0)KeT pa6oTaTh C BapHaHTaMll ocyI.QeCTBJieHH5I, 

rrpe,D,CTaBJieHHhIMll B ,z:i:aHH0M 0IIllCaHllii. 

IIpHMepHblli Terrrroo6MeHHllK M0)KeT HMeTb IIJiaCTllHbI, y K0T0pbIX 6oKOBhie CTeHKll 

25 5IBJifil0TC5I 0TH0CHTeJibH0 T0HKllMll, TaK LIT0 M0)KH0 rrerK0 ocyI.QeCTBJI51Th TeIIJI006MeH Me)K,Ily 

,IIBYM5I IIYT51Mll rrp0X0)KLJ;eHll5I ra3a. ,l].JI51 C03,IJ,aHIUI TeIIJI006~1eHHHKa M0)KH0 HCII0Jih30BaTh 

MH0)KeCTB0 MaTepHaJI0B. IIpe,IIrroqTifTeJihHO MCII0Jih3yeMhIH MaTepHaJI ,II0JI)KeH 6hITh 

K0pp03H0HH0-yCT0HqifBbIM, ycToii:qifBbIM K rHHeHHIO, llMeTh rrerKHH Bee H 6hITh He,IJ;oporHM. 

,I1.JI51 TeIIJI006MeHHHKOB o6hII.JHO HCII0Jib3YIOTC51 MeTalIJibI H3-3a HX BbIC0K0H 

30 TeIIJI0IIp0B0,IIH0CTH. O,IIHaKO 6hIJIO o6Hapy)KeHO, qTo IIJiaCT1viaCChI If K0MII03HI.J,H0HHhie 

MaTepHaJihI TaK)Ke MoryT y,II0BJieTB0p51Tb ycrr0BH51M TeIIJI0B0ro pe)KJIMa ,IIJI51 3JieKTp0HHhIX 

,IIHCIIJieeB. B rrpHMepH0M BapHaHTe ocyI.QecTBJieHH51 M0)KH0 lICII0Jih30BaTh II0JIHIIp0IIHJieH 

B KaI.JeCTBe MaTepIIaJia, npe,IIHa3HaqeHH0ro ,IIJI51 K0HCTPYHP0BaHH51 IIJiaCTHH ,IIJI51 

Terrrroo6MeHHHKa. bhIJIO HaH,IIeH0, qT0, X0T51 rrom1nponMJieH M0)KeT II0X0,IJ,HTh Ha IIJI0X0H 

35 rrp0B0,ilHlIK Terrrra, 60JihIIIa5I BeJIIfqifHa IIJI0I.Qa,IJ;ll II0BepxH0CTlI 0TH0CHTeJihH0 MaJieHhK0H 

T0JII.QHHbI MaTepHarra rrpHB0,IIHT K II0JIH0MY TeIIJI0B0MY corrp0THBJieHHIO, K0T0poe 51BJI5IeTC51 

Hll3KHM. TaKHM o6pa30M, npHMepHbIH Terrrroo6MeHHHK M0)KeT 6hITh C,IIeJiaH H3 IIJiaCTMaCChI, 

JI, TaKHM o6pa30M, M0)KH0 rrp0H3B0,IIMTb 6JIOK ,IIHCIIJie51, K0T0pbIH 51B.;'15IeTC51 T0HKHM M rrerKHM. 

B qacTH0CTH, ,IIJI5I Ka)K,Il;oro CJI051 rrrraCTHHbl M0)KeT HCII0Jih30BaThC51 rocppornracT 

40 (rocppHpye11,1a51 rmacnrncca) MJIH coToIIJiacT (coToo6pa3Ha51 rrrracTMacca). 

KaK yrr0M51HYT0 BbIIIIe, 6JIOKH H rrp0T0qHoro, H BbIT51)KH0ro BeHTMJI51T0p0B ,IIJI51 3THX 

Bapu:aHT0B ocyI.QeCTBJieHH51 He 51BJI51IOTC51 He06XO,ilHMbIMH. B KaqecTBe aJihTepHaTMBhI, ,IIJI51 

Ka)K,Iloro K0HTypa M0)KeT HCII0Jih30BaThC51 T0JihK0 0,ilHH 6JIOK BeHTIL'151T0pa. TaKHM o6pa30M, 

C 3aMKHYTbIM K0HTYP0M M0)KeT HCII0Jih30BaThC51 T0JihK0 6JIOK rrp0T0qHoro BeHTMJI51T0pa, 

45 a C pa30MKHYThIM K0HTyp0M M0)KeT HCII0Jih30BaThC51 T0JihK0 6JIOK BbIT51)KH0ro BeHTMJI51T0pa. 

B KaqecTBe aJihTepHaTHBbl, 0.i].MH H3 K0HTypoB M0)KeT HMeTh o6a 6JIOKa ll rrp0T0qHoro, II 

BhlT51)KH0ro BeHTMJI51T0pa, B TO BpeM51 KaK y ,IIpyroro K0HTypa llMeeTC5I T0JibK0 JIH6o 

rrpoToqHhIH, JIH6o BhIT5l)KH0H 6rroK. 
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ra3, ncrroJT&3yeMhiti B o6omc KOHTypax, MO)KeT 0hITh Jno6hIM tt3 MH0)KeCTBa ra3oo6pa3HhIX 

BeI.I.J;eCTB. B HeK0TOphIX BapnaHTax ocymecTBJieHH5I B KaqecTBe ra3a µ,JI5I o6onx KOHTypoB 

MO)KeT llCIIOJih30BaTbC51 B03,II,yx. IIpe,D,rroqnITeJibHO ra3, KOT0pbill rrepeMemaeTC5I qepe3 

3aMKHYTnIH K0HTYP, ,II0JI)KeH 601Tb B 3HaqrneJihH0H cTerrenn qncThIM, qTo6hI, K0r,IJ,a OH 

5 rrpOXO,illIT rrepe,IJ, 6JIOKOM ll306pa)KeHirn, OH He BJIIUIJI Ha BHeIIIHIIH BH,IJ, ll306pa)KeHHH ,l],JI5I 

Ha6mo,IJ,aTem1. ra3, K0Topnrtt rrepeMemaeTC5I no 3aMKHYT0MY K0HTYPY, TaK)Ke ,r:i:OJI)KeH 601Tb 

ITO cymecTBY CB0601J,HbIM OT 3arp5I3HeHHH IDIL"III TBep,n:nIX qacnn_i; (HarrpuMep, IIhIJill, rp513H, 

IIbIJibI.J;bI, BO,,J,5IH0ro rrapa, ,l],bIMa ll T.,n:.), qT06hI rrpe,r:i:OTBpamaTb OTpuu:aTem,Hoe B03,n:eHCTBIIe 

Ha KaqecTBO H306pa)KeHH5I H IIOBpe)K,::t:eHIIe BHyTpeHHIDC 3JieKTpOHHhIX KOMIIOHeHTOB. TaK)Ke 

10 MO)KeT 0hITh rrpe,n:rroqnneJihHhIM IIO,IJ,,n:ep)KIIBaTb ra3 B rrpe,n:enax pa30MKHYTOro KOHTypa 

CBO0O,::t:HhIM OT 3arpH3HeHHH. Mo)KeT lICII0Jib30BaThCH HeO0H3aTeJibHblH Q)HJibTP (He IIOKa3aH), 

qTO0hI rapaHTnpoBaTn, qTo B03.r:i;yx (nII6o B 3aMKHYT0M, rrII6o B pa30MKHYT0M KOHType) 

0CTaeTC5I CB06o,r:i;HhIM OT 3arp5I3HeHHH. O,D,HaKO B rrpm,1epH0M BapuaHTe ocymecTBJieHHH 

pa30MKHYThIH KOHTYP M0)KeT 6nITh pa3pa6oTaH TaK, qTO0hI 3arp5I3HeHH5I, B03MO)KHO, 

15 rrpIICYTCTBOBaJIII B ra3e OKpy)KaIOI.I.J;eH cpe,UhI, HO :no He 0Ka3hIBaJI0 Bpe.r:i;Hoe B03,IJ,eIICTBlle 

Ha ,n:m.:rrnett. B 3TIIX BapnaHTax ocymecTBJieHH5I Terrrroo6MeHHllK (II He00513aTeJihHbiti: IIYTb 

II03a,IJ,II 0JIOKa H306pa)KeHJrn HJill 3a.r:i;HeH II0,::t:CBeTKll HJIII qepe3 pe6pa) ,IJ,0JI)KHbIM o6pa30M 

repMeTII31Ip0BaH TaK, LJTO0hI JIIO0hie 3arpH3HeHII51 B ra3e OKpy)KaIOI.I.J;ell cpe.D;hl He M0rJIII 

rrorraCTb K qyBCTBHTeJihHbIM yqacTKaM ,.QHCIIJie51. TaKIIM o6pa30M, B 3TlIX rrpHMepHbIX 

20 BapIIaHTax ocymecTBJieHII5I 3acacnrnam1e aTMocq>epHoro B03..Qyxa ,IJ,JI5I ra3a oKpy)KaIOmett 

cpe,n:hI, ,.Qa)Ke ecJIH a TMOCq>epHblli B03,n:yx CO,.Qep)KHT 3arp513Hemrn, He 6y,neT OKa3hIBaTh Bpe,IJ,Hoe 

B03,Il,ellCTBHe Ha ,n:IICIIJiell. 3TO MO)KeT 0bITb oco6eHHO Bbir0µHO, K0r,::i:a ,IllICIIJiell lICIIOJih3yeTC51 

B Hapy)KHhIX cpe,nax HJill BHyTpeHHllX cpe,D;ax, B K0TOpbIX B aTMOC<:pepHOM B03,n:yxe 

rrpu:cyTCTBYIOT 3arp513HeHll51. 

25 <Dnr. l0A rroKa3nmaeT ceL1eHne ,IIpyroro napnaHTa ocymecTnJieH1rn ,n:ncrrne5I 200. Ha 3T0M 

qepTe)Ke 3a,IIH515I KpbIIIIKa 250 JI 6oKOBhie KpbIIIIKH 251 n 252 IIOKa3aHI,I ,[J:JI5I llJIJIIOCTpHpOBaHH5I 

0µH0ro crroco6a repMeTli3aQirn BCero .IJ;HCIIJie5I 200. EJIOK 220 H306pa)KeHH5I II0Ka3aH B6Jili3H 

OT rrepe,IJ,HeH CT0p0Hbl ,IIHCIIJie5I 200. KaK o6cy)K,IlaJIOCb BbIIIIe, 0JIOK 220 lI306pa)KeHII51 MO)KeT 

CO,IJ,ep)Ka Tb :meKTp0HHbIH OJI OK JIIO0OH q>OpMbl ,IlJI51 reHepupoBaHII5I lI306pa)KeHH5I, BKJIIOqa51, 

30 HO He orpaHuq1-ma5ICb 3THM: )KKLI;, CBeTOII3JiyqaIOI.I.J;lle ,Illl0.IJ;bI (LED), opraHIIqecKne 

cBeTolI3nyqaromIIe ,!lII0.IJ;hI (OLED), ,nIIcrrneII c aBT03JieKTpOHHOH 3MIICCHett (FED), 
CBeTOII3JiyqaIOI.I.J;IIe IIOJIIIMephI (LEP), IIJia3MeHHhie ,llIICIIJieII II JIIO0hie ,,:i,pyrHe ,IlIICIIJieII C 

IIJIOCKIIM!TOHKIIM 3KpaHOM. Ilepe,Il,H515I II0BepxH0CTb 22l ,Il,HCIIJie5I pa31v1emeHa rrepe;::i: 6JIOKOM 

220 H306pa)KeHirn, orrpe;:i:eJI515I KaHaJI 290, no KOTOpOMY M0)KeT rrpoTeKaTb U:IIPKYJIIIPYIOI.I.J;IIH 

35 ra3. IIepe,IJ,H5I5I IIOBepxHOCTb 221 ,i],liCIIJie5I MO)KeT 0bITb JII06hIM rrpo3paqHbIM MaTepIIaJIOM 

(cTeKJIO, IIJiaCTMacca IIJIII K0MII03III.J;llOHHblli MaTepIIaJI), ll OHa MO)KeT C0,iJ,ep)KaTh HeCK0JibK0 

CJI0eB ,U:JI5I II0JI5Iptt3aQIIII CBeTa, y1v1eHhIIIeHII5I 0JIHKOB llJIH 0Tpa)KeHHH JI 3aI.I.J;HTbI BHyTpeHHIIX 

KOMIIOHeHTOB .IJ:lICIIJie5I. B rrpmv1epHOM BapnaHTe ocymecTBJieHH5I rrepe,U:H5I5I IIOBepxHOCTb 

221 ,IJ,HCIIJie5I MO)KeT co,uep)KaTh ,IJ,Be CTeKJI5IHHhie rraHeJIII, KOT0pbie II3rOTOBJieHhl B BH,IJ,e 

40 CJIOJICTOH CTPYKTYPbI C OIITIIqecKHM KJieeM (rrpe,r:i:rroqTHTeJihHO C corrracyIOI.I.J;llMC5I IIOKa3aTeJieM 

rrpeJIOMJieHII5I). KpoMe Toro, K o,;:rnotf lI3 CTeKJI5IHHbIX rraHeJieH MO)KeT 601Tb rrplIKperrJieH 

rrorr51pII3YIOI.I.J;IIH crrott, qT0601 y1v1eHnrnaTn BHYTPeHHIIe OTPa)Kemrn H conHeqHyIO Harpy3KY 

Ha 0JIOK 220 JI306pa)KeHirn. CaMhIM rrpe,nrroqTIITeJihHbIM HBJI5IeTC5I TO, qTo IIOJI5IpH3YIOI.I.J;llH 

CJI0H rrpIIKperrJieH K BHyTpeHHeH II0BepxH0CTH rrepen,HeH II0BepxH0CTII 221 ,IJ,llCIIJie5I 

45 ( o6pameHHOH K KaHarry 290 3aMKHYTOro KOHTypa) II TaK)Ke co,n:ep)KIIT rrpocBeTJI5IIOI.I.J;ee (AR) 
IIOKpbITHe. 

LI;rr5I BapnaHTa ocymecTBJieHH51, rroKa3aHHoro Ha Q)Hr. l0A, 6noK 220 H3o6pa)KeHJI5I MO)KeT 

601Tb )KKLI;, o6ne,IJ,JIHeHHbIM C 0JIOKOM 222 3a,Il,HeH II0,Il,CBeTKH. LI;JI51 HeK0T0pbIX 3a;JHHX 
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II0,IJ,CBeT0K M0)KH0 IICII0Jib30BaTI, JIIOMIIHecu;eHTHbie JialvIIIbI C X0JI0,IJ,HbIM KaT0,IJ,0M (CCFL), 
IJT06bI rrp0II3B0,IJ,llTb 0CBeII.J;eHue, He06XO,IllIMOe ,IlJI51 reHepttp0BaHll51 ll306pa)KeHll51. B 
rrpliMepH0M BapttaHTe ocyII.J;ecTBJieHll51 6JIOK 222 3a,IlHeM II0,UCBeTKli M0)KeT C0,D,ep)KaTb 

rreIJaTHYIO IIJiaTy (PCB) C MH0)KecTB0M LED (cBeTOII3Jiy-c:iaIOIIUIX ,UHO,UOB) Ha rrepe,z::i;Hett 

5 II0BepxH0CTII. KaK o6cy)K,UaJIOCb BbIIIIe, rrpnMepHbIM BapuaHT ocyII.J;eCTBJiem-rn MO)KeT HMeTb 

HH3KHM ypoBeHb TeIIJI0BOro corrpOTIIBJiemrn Me)K,lly rrepe,z::i;HeH IIOBepxHOCTbIO 6rroKa 222 
3a,II,Hell II0,II,CBeTKH II 3a,II,Hell II0BepxH0CTbIO 223 3a,ri;Hell II0,II,CBeTKH. C '.HOH u;eJibIO M0)KeT 

HCII0Jib30BaTbC5l MeTaJIJIIILJeCKa5l PCB. 3a,UH5151 II0BepxH0CTb 223 3a,ri;Hell II0,D,CBeTKH M0)KeT 

CO,II,ep)KaTh TeIIJIOIIp0B0,D,51llllill MaTepuaJI, TaKOH KaK MeTaJIJI. IlpuMepHbIM MaTepuaJI0M ,IlJI51 

10 3a,II,Het'1 II0BepxH0CTH 223 M0)KeT 6hITh aJIIOMHHIIH. BTopa51 IIOBepxH0CTb (HJIH rrrraCTHHa) 

224 MO)KeT 6hITb pa3MeII.J;eHa B Herrocpe,D,CTBeHHOll 6JIH30CTH II03a,n:u 3a;rneti. II0BepxH0CTH 

223 6JIOKa 222 3a,UHeH II0,II,CBeTKH. IlpocTpaHCTBO lvie)K,Uy 3a,l],Hell IIOBepxH0CTbIO 223 Ja,ri;Hett 

II0,IJ,CBeTKII u BT0poti II0BepxH0CThIO 224 M0)KeT orrpe,IJ,emITh ,IJ,OIIOJIHHTeJibHhIM 

He06513aTeJibHhIM KaHaJI 225 pa30MKHYTOro K0HTypa, qepe3 K0T0pbIM M0)KeT rrp0X0,i],llTh ra3 

15 OKpy)KaJOII.J;eM cpe,D;hl ,l],JI51 0XJia)K,l],eHirn 6rroKa 222 3a,UHeM II0,[l,CBeTKII. 3TOT KaHaJI 225 
pa30MKHYT0ro K0HTypa M0)KeT 6hITb rro,r:i;o6eH KaHaJIY 15, II0Ka3aHH0MY BbIIIle, 3a 

HCKJIIOLJemieM Toro, IJTO KaHaJI 225 pa30MKHYTOro KOHTypa MO)KeT 6bITh 6oJiee Y3KHM. 

<Dur. l0B rroKa3hrnaeT TaKott: )Ke Blf.Il B pa3pe3e, KaK qmr. lOA, c y,II,aJieHHbIMH 3a,rrneti. 

KpbIIIlKOH 250 H 6oKOBbIMH KpbIIIlKaMII 251 II 252 H B03,IlYII1HhIMII IIOT0KaMH 3aKpbITOro II 

20 pa30MKHYT0ro KOHTypa, IIOKa3aHHhIMlI )];J151 II051CHHTeJihHbIX u;eJieit bJIOK 202 BeHTIIJI51TOpa 

3aMKHYT0ro K0HTypa HCIIOJib3yeTC51 )];J151 Toro, IJT06hI rrpllBO,II,HTb B )lBll)KeHue 

QllpKYJIHPYIOIUlIM ra3 210 ITO 3aMKHYTOMY KOHTypy. IlepBbIH 6JIOK 203 BeHTHJI51TOpa 

pa30MKHYTOro KOHTypa MO)KeT IICIIOJih30BaTbC51 ,II,JI51 BT51rHBaHII51 ra3a 211 OKpy)KaJOII.J;eH 

cpe,D;hl -c:iepe3 TeIIJI006MeHHllK 201. Heo6513aTeJibHO, BT0potI 6JIOK 204 BeHTIIJI51T0pa 

25 pa30MKHYT0ro KOHTypa MO)KeT llCII0Jib30BaThC51,D:JI51 BT51rHBaHll51 ra3a OKpy)KaIOII.J;eit cpe,D;bI 

212 qepe3 He06513aTeJihHhIM KaHaJI 225 ,D:JI51 0XJia)K_n:eHII51 6noKa 222 3a,II,Hett: IIO,!J;CBeTKlI. 

HeofonaTeJihHhIH BTOp0M 6JIOK 204 BeHTIIJI51T0pa pa30MKHYTOro K0HTypa TaK)Ke M0)KeT 

lICII0Jih30BaTbC51 ,llJ151 Toro, LJT06hI BbIIIYCKaTb ra3 0Kpy)KaJOmeti cpe,llbI, KOTOpbIH 

rrepeMeII.J;aeTC51 qepe3 TeIIJI006MeHHlIK 201 u no KaHaJiy 225. ECJIII BTOpoti: 6JIOK 204 
30 BeHTIIJI51TOpa pa30MKHYTOro KOHTypa He HCIIOJih3yeTC51, rrepBbIH 6JIOK 203 BeHTHJI51T0pa 

pa30MKHYTOro KOHTypa MO)KeT lICIIOJib30BaTbC51,II,JI51 Toro, LJT06bI BbIIIYCKaTb ra3 211 
OKpy)KaJOmeti: cpe,n:hI, K0TOpblll npornen -c:iepe3 TeIIJI006MeHHlIK 201. 

KaK OTMeIJeH0 BbIIIIe, B npHMepHOM BapttaHTe ocymeCTBJieHH51 ra3 OKpy)KaJOII.J;eti: cpe,n:hI 

He CMelllHBaeTC51 C u;rrpKyJiupyIOIUHM ra30M. )],.rr51 Ka-c:ieCTBa lI306pa)KeHII51 MO)KeT 6bITh Ba)KH0, 

35 IJT06bI U:HpKynupyIOlllllll ra3 OCTaBaJIC51 CB060,ri;HbIM OT TBep,II,bIX -c:iacniu; lI 3arp513HeHlIM, 

II0CKOJibKY 3T0T ra3 rrepeMemaeTC51 rrepe,n: 6JIOKOM 220 lI306pa)KeHlI51. TaK KaK ra3 ,n:m1 

pa30MKHYTOro KOHTypa MO)KeT C0,IJ,ep)KaTb pa3JilIIJHbie 3arp513HeHH51, rrpe,i],IIOIJTIITeJibHbIH 

BapuaHT ocymeCTBJieHH51,U0JI)KeH 6hITb COOTBeTCTBYIOlllllM o6pa30M repMennupoBaH, IJT06bI 

rrpe,II,0TBpaI.U;aTh CMelllHBaHue ra3a H3 3THX .IlBYX K0HTypoB. O,iJ,HaKO 3T0 He 5lBJI51eTC51 

40 He06XO,l],HMbIM, IIOCKOJibKY (pHJibTpbI (mI6o CneMHhie, mI6o IIOCT051HHhie) MoryT 

lICIIOJih30BaTbC51 ,UJI51 Toro, IJT06hI CBO,D:lITh K MHHHMYMY B03,Ueti:CTBlle TBep,UbIX qacTHQ H ,IlJI51 

pa30MKHYTOro, lI ,l],JI51 3aMKHYTOro KOHTypoB. 

<Dttr. 11 rrpe,n,cTaBJI51eT nepcrreKTHBHoe rr3o6pa)KeHue B pa3pe3e ,n:pyroro BapnaHTa 

ocyII.J;eCTBJieHH51 0JIOKa 600 ,Il,HCIIJie51, II0Ka3hIBaIOII.J;ero BIIYCKH0e 60 H BbIIIYCKHOe 65 0TBepcnrn 

45 ,IlJI51 ra3a 20 0Kpy)KaJOII.J;ei'.t cpe;:::{bl. BrryCKHOe 0TBepCTHe 60 M0)KeT co;::i:ep)KaTh 3KpaH IIJIH 

(plIJibTp (cneMHhlll HJIH IIOCT051HHbIH), IJT06bI y,n:aJI51Tb JII06hie TBep)lbie qaCTlII.J;bI (xon1 3TO 

M0)KeT He 51BJI51TbC51 He06XO,i],llMhll'v1). O;:::{HH HJilI 6oJiee BeHTHJI51TOp0B 50 MOryT llCII0Jih30BaThC51 

)];JI51 Toro, qTO0bI BT51I'llBaTb ra3 20 0Kpy)KaJOmeti cpe,Ubl BO BIIYCKH0e OTBepCTHe 60 ll qepe3 
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Terrnoo6MeHHllK 201. B 3TOM BapIIaHTe ocym;eCTBJieHII5I ra3 20 OKpy)KaIOm;ett cpe,IJ;bI 

BT5InrnaeTC5I TOJibKO 11epe3 TeIIJI006MeHHllK 201, a He qepe3 KaKIIe-JIIIOO ,IJ;OIIOJIHIITeJibHbie 

He005I3a TeJibHbie KaHaJibI IIJHI pe6pa. 3TOT BapttaHT ocym;eCTBJieHH5I MO)KeT HCIIOJib30Ba TbC5I, 

KOr)],a 6JIOK 80 )],lICIIJie5I (IIJIII OJIOK 3a)],HeH IIO,IJ;CBeTKII) He Tpe6yeT ,IJ,OIIOJIHIITeJibHOro 

5 OXJia)K)],eHII5I ,IImI ,IJ,OIIOJIHIITeJibHOro KaHaJia. B KaqecTBe rrpIIMepa, a He rrocpe.r:i;CTBOM 

orpaHIIqeHII5I, 3TOT BapIIaHT 600 ocym;eCTBJieHII51 MO)KeT llCIIOJib30BaTbC51, KOr,IJ,a B KaqecTBe 

6rroKa 80 H3o6pa)KeHH5I IICIIOJih3YIOTC51 OLED. KpoMe Toro, 3TOT BapIIaHT 600 ocym;ecTBJieHH5l 

MO)KeT HCIIOJib30BaTbC5I, KOr,ua 3a,IIH515I IIO,UCBeTKa )KK,ll He 06pa3yeT 60JibIIIOe KOJIHqeCTBO 

Terrrra, IIOTOMY qTo OHa He ,IJ;OJI)KHa 6bITb qpe3Bbiqat'rno 51pKOH (B03M0)KH0, IIOTOMY qTo OHa 

10 He HCIIOJih3yeTC51 B ycrromrnx rrp5lMOro COJIHeqHoro CBeTa). IlOMHMO 3TOro .r:i:aHHbIH BapttaHT 

ocym;eCTBJieHH51 MO)KeT HCITOJib30BaThC5l, KOr,IIa ra3 20 OKpy)KaIOm;ei1 cpe)],bl co.z:i:ep)KHT 

TBepD;bie -.:.iaCTJH_\bl IIJIH 3arp5I3HeHII5I, KOTOpbie MoryT ITOBpe,UIITb ,IJ;IICITJieH. B 3TIIX CI-ITyaIJ,II51X 

MO)KeT IIOTpe6oBaTbC5I orpam-rqIIBaTb B03)],eHCTBIIe Ha ,IJ,IICIIJieH ra3a 20 OKpy)KaIOmeH cpe)],bI. 

TaKIIM o6pa30M, B 3TIIX c1nyaQII51X MO)KeT IIOTpe6oBaThC5I 3aCaChIBaTb ra3 20 OKpy)KaIOm;eH 

15 cpe,IJ,hI TOJibKO B Terrrroo6MeHHIIK 201, a He qepe3 KaKIIe-JIIIOO ,IJ,OIIOJIHHTeJihHhie KaHaJihl 

OXJia)K,IJ;eHII51. 

B HeKOTOpbIX BapHaHTax ocymeCTBJieHH5I ra3 20 OKpy)KaIOm;err cpe,D,hI MO)KeT 6hITb 

KOH,IJ,HQIIOHHpOBaH (IIJIII B ITPOTllBHOM cnyqae OXJia)K)leH) ITpe)K,IJ,e, qeM OH 6y.r:i;eT HaITpaBJieH 

B Terrrroo6MeHHIIK 201. Ilepe,IJ,H5I51 IIOBepxHOCTb 221 ,IlllCIIJie5l MO)KeT llCIIOJib30BaTbC51 ,I.\JI5I 

20 Toro, qTOObl o6pa30BbIBaTb rrpe.r:i;IIIeCTBYIOIIIYIO (rrepe,r:i;HIOIO) CTeHKY KaHarra 290 llilIJill 

3aIIIHIIIaTb 6JIOK 80 ll306pa)KeHH51 OT IIOBpe)K,I-leHHH. IlpttMepHa5l rrepe,IJ,H5l51 ITOBepxHOCTb 

221 ,IJ;HCIIJie5I MO)KeT 6hITb CTeKJI5IHHOH. ,llpyroi1 BapnaHT ocym;eCTBJieHll5I ,IJ,JI51 ITepe.z:weH 

ITOBepxHOCTll 221 ,IJ;IICIIJieH MO)KeT rrpe,IICTaBJI5ITb co6oi1 )],Be CTeKJI5IHHhle rraHec'Ill, KOTOpbie 

tt3rOTOBneHhI B BH,IJ;e crroncTOM crpyKTYPhI c HCITOJih30BaHHeM OITTHqecKoro KJie5I. ConHeqHax 

25 Harpy3Ka (nycmcTa5I Terrrrorrepe11a-,m OT corrHQa L1epe3 rrepe,n:HIOIO rronepxHOCTb 221 .r:i;ttcrrrre5I 

MO)KeT rrp1-rnecn1 K TeITnoo6pa3oBaHHIO B 6JioKe 80 H3o6pa)KeHH5I (HarrpttMep, B 6noKe OLED 
HJIH )KK,ll). 3To Terrrro MO)KeT OhITb rrepe,r:i_aHo u;IIpKyrrupyIOm;eMy ra3y, B KOTopoM 3TO Terrrro 

3aTeM MO)KeT ObITb rrepe,I.\aHO ra3y 20 OKpy)KaIOm;eH cpe,Ilbl II y,IJ,aJieHO ll3 ,IlIICITJie5l. nJIOK 

II306pa)KeHII5I MO)KeT ObITb JIIOObIM II3 crreµyIOIIlIIX: )KK,ll, 6rroKa IIJia3MeHHOro ,IIIICIIJieH, 

30 OLEO, 6rroKa cBeTOtt3nyqaIOmero ITOJIHMepa (LEP), 6rroKa opraHIIqecKoro 

3JieKTpOJIIOMHHecu;eHTHOro ,IJ;IICIIJie5l (OEL) lIJill 6rroKa CBeTO,IJ,llO,I.\HOro ,I.\llCIIJie5l. 

<Dnr. 12 ITOKa3hIBaeT rrpHMepHbIH BapttaHT ocymecTBJieHII5l, B KOTOp01vl u;ttpKyrrttpyIOIIlIIH 

ra3 400 HarHeTaeTC51 Me)K,IIY ITepe.r:i;HeH ITOBepxHOCTbIO 221 ,IIllCITJie5I II OJIOKOM 80 II306pa)KeHII51 

ll 3aTeM qepe3 TeITJI006MeHHIIK 201, qT06bI OTBO,IIIITb ITO MeHbIIIeH Mepe qaCTb Terrrra, 

35 rrorrromeHHoro OT 6rroKa 80 II3o6pa)KeHH51 II rrepe,IIHeH rroBepxHOCTH 221 ,IIttcrrrre5I. 

11,HpKyrrrrpyIOIIlllll ra3 400 MO)KeT ITPHBO)],HTbC5l B D;BII)KeHtte 6JIOKOM 410 BeHTIIJI5ITOpa 

3aMKHyToro KOHTypa. Terrrroo6MeHHHK 201 MO)KeT rrpttHIIMaTh QIIPKYJIIIPYIOIIIIIH ra3 400 B 

O,IJ,HOM HarrpaBJieHIIH, B TO )Ke BpeM5I rrpIIHHMa5l ra3 310 OKpy)KaIOmeH cpe,IJ;hl no cym;eCTBY 

B ITeprreH,..o;HKyrr5IpHOM HarrpaBrreHHH, TaK qTo Me)K,IIY 3TIIMH 1-\BYMX ra3a:ivm MO)KeT 

40 ocym:eCTBJI5IThC51 Terrrrorrepe,I.\aqa_ 

B 3TOM BapttaHTe ocym;eCTBJieHII5I He005I3aTeJibHblll ,I{OITOJIHIITeJihHbllI IIOTOK ra3a 300 
OKpy)KaIOmeH cpe,IJ;bl rrpIIHHMaeTC5I qepe3 BIIYCKHOe OTBepCTHe 350 II HarrpaBJI51eTC51 ITO KaHaJIY 

225 ,IJ,JI5l oxJia)K,ueHH5I 3a,IIHero yqacTKa 6noKa 80 II3o6pa)Kemrn (B03MO)KHO, 3a,IIHeti: 

IIOLICBeTKll). 3TOT BapttaHT ocymecTBJieHH5l IICIIOJih3yeT p5l,IJ; pe6ep 18, IIO,IJ,06HbIX 

45 KOHCTPYKIJ;ll5lM, IIOKa3aHHbIM BbIIIIe Ha qmr. 7 ll 8. 3TOT BapttaHT ocymecTBJieHH5l TaK)Ke 

HCIIOJih3yeT TerrrrorrpoBO,ri:5IlllYIO rrrracTnHy 10, rro,uo6HyIO TerrnorrpoBOLI5Illlel1 ITrracTIIHe, 

IIOKa3aHHOH Ha qmr. 7. Kor11a llCIIOJib3YeTC5l 3TOT He065I3aTeJibHblli ,IIOIIOJIHHTeJibHbIH IIOTOK 

ra3a 300 OKpy)KaIOm;en cpe,IJ;bl, rrpe11rroqTHTeJibHO, qTOObl rrpe,IJ,IIIeCTBYIOIIla5I (rrepe,IJ;H515I) 
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noBepxHOCTh 500 KaHaJia 225 6hma TennonpOB0,IlHII.J,ei1 II npe.nn0TJTIITeJihHO HaXO,IlIIJiaCh B 

TenJIOBOM KOHTaKTe no MeHhIIIei1 Mepe C y11aCTKOM (npe.r:i;no11TIITeJihHO 3a,IlHIIM Y'IaCTKOM) 

6JIOKa 80 I1306pa)Kemrn. BnyCKHOe 0TBepCTHe 350 MO)KeT npHHIIMaTb o6a Il0TOKa ra3a 310 
11 300 OKpy)KaIOII.J,ei1 cpe.D;hI, lIJIIl )]JIH Ka)K,IlOro IT OTO Ka ra3a 310 rr 300 MoryT 6hITh 0T;JeJihHbie 

5 BITYCKHhie OTBepCTlIH. 

Ilo.no6HO HeKOT0phIM H3 paHee 0ilHCaHHhIX BapHaHT0B ocyII.J,ecTBJiemuI, U:HPKYJIHpyIOII.J,Hll 

ra3 400 TaK)Ke np0X0,IIJIT noBepx 3JieKTpOHHhIX 6JIOKOB, 'ITO0hI npHHHMaTh Tenrro OT 3TIIX 

3JieKTp0HHbIX 6JIOKOB. B 3T0M npHJv1epH0M BaprraHTe ocyII.J,eCTBJieHHH 3JieKTp0HHbie 6JIOKH 

0bIJIH pa3,n:eJieHbI Tenrroo6MeHHHKOM 201 Ha ,n:Be rpynnhI. IlepByIO rpynny 3JieKTpOHHhIX 

10 0JIOKOB 900 MO)KHO paccMaTpHBaTb KaK 0JIOKH 60JihIIIOH: MOII.J,HOCTH, II 0HH M0ryT BKJIIO'IaTb 

B ce6H, HO He orpaHII'IHBaHCb 3THM: M0,n:ymi nHTaHIIH, KaTyIIIKlI nm:i:yKTHBH0CTH, 

TpaHCq>OpMaTOphI H .npyrIIe CB513aHHhie C nHTaHIIeM ycTp0IICTBa. BTopyIO rpynny 

3JieKTp0HHhIX 6JIOKOB 910 M0)KH0 paccMaTpHBaTb KaK MaJI0M0II.J,Hhie 6JIOKH, II 0HII MoryT 

BKJIIO'IaTh B ce6H, HO He orpaHII'IHBaHCh 3TIIM: naHeJIII CIIHXpOHH3au;nII II ynpaBJieHIIH, 

15 HaK0ilHTeJIH Ha )KeCTKIIX ,D;IICKax H .r:i;pyrtte ycTp0IICTBa xpaHeHIIH ,II,aHHbIX, BlI)le0KapTbI, 

nporpaMMHhie ,n:pati:Bephr, MIIKponpou;eccophr H .n:pyrne ynpaBmlIOII.J,IIe ycTpoti:cTBa. 

Cneu;IIaJIIICTaM B ,n:aHH0H o6rracnI TeXHIIKII ,J;0JI)KH0 ObITb II3BeCTHO, 'ITO HeK0TOpbre 

3JieKTpOHHhie 6JIOKII 60JihIIIOH MOII.J,H0CTII MoryT BbI3hIBaTb B3aHMHhie 3JieKrpH'IeCKIIe noMeXH 

C ,npyrIIMH 3JieKTpOHHhIMII 6rroKaMH, KOT0phre MoryT 6hITh 'IYBCTBHTeJibHbIMII K 

20 3JieKTpH'IeCKIIM noMexaM. TaKHM o6pa30M, B II0Ka3aHHOM rrpHMepH0M BapttaHTe 

ocymeCTBJieHII5I, TeIIJI006MeHHIIK 201 IICII0Jih3yeTC5I ,J;JI5I 0T,n:eJieHH5I 3JieKTP0HHbIX 0JIOKOB 

910 6onee HH3K0H: MOII.J,H0CTII OT 3JieKTP0HHbIX 6JIOKOB 900 60JibIIIOH M0IUHOCTII, 'IT06hI 

rapaHTIIp0BaTh MHHHMaJihHYIO BeJIH'IHHY B3aIIMHbIX 3JieKTpII'IeCKHX II0Mex Me)K,n:y HIIMH. 

KpoMe Toro, HeKOT0phie :=meKTpOHHhie 6JIOKM 900 60JibIIIOH: MOIUHOCTII, KaK H3BecTHO, TaK)Ke 

25 nh1pa6aThmaIOT Tenrro. 3To Tenrro MO)KeT 6hITh rrepe,r:i:aHo u;HpKymrpyrnII.J,eMy ra3y 400 ,r:i:o 

BBe,IleHMH 3TOro ra3a B Tennoo6MeHHMK 201. B noKa3aHH0M npttMepH0M napttaHTe 

ocymeCTBJieHMH aT:rvmcc:pepHbIH B03.r:i;yx MO)KeT 3aCaChIBaThCH B Ka'IeCTBe ra3a 310 0Kpy)KaIOII.J,eii: 

cpe,IlhI, II cyII.J,eCTByeT JIIIIIIb He60JihIIIOH pIICK IIOBpe)K,II,eHMH 3JieKTpH'IeCKIIX 6JIOKOB 910 II 
900, II OTO MY 'ITO ra3 310 0Kpy)KaIOII.J,eH cpe,IlhI rrpe.r:i;IIO'ITMTeJihHO HllK0r,Ila He K0HTaKTIIpyeT 

30 C 3TIIMM 3JieKTpII'IeCKMMH 6JIOKaMII. O,n:HaKO 3JieKTptt'IecKtte 6JIOKII 910 II 900 6y,n:yT 

0CTaBaTbC5I XOJIO,U:HbIMII (TaK )Ke KaK 'IIICThIMM II cyxIIMH) 6rraro,r:i:ap5I norrepe'IHOMY Te'IeHHIO 

U:IIPKYJIIIPYIOII.J,ero ra3a 400. 
CHCTeMa OXJia)KJJ:eHII5I, 0IIIICaHHaH B ,n:aHHOM OIIIICaHMII, M0)KeT pa6oTaTI, HerrpephIBHO. 

O,n:HaKO, ecrrtt Tpe6yeTC5I, B 3JieKTpOHHhIH: ,IJ;IICIIJieH MOryT 6hITb BKJIIO'IeHhI 

35 TepMO'IYBCTBHTeJihHhie ycTp0IICTBa (He noKa3aHhI), 'IT06hr o6Hapy)KIIBaTI,, KOr,Ila 

TervmepaTyphI .r:i;oCTIIraIOT npe.nBapIITeJihH0 onpe,n:eneHHoro rroporoBoro 3Ha'Iemrn. B TaK0M 

cnyqae, Kor,z:i:a TeMnepaTypa B ,z:mcnrree ,r:i:ocT11raeT rrpe.nBap:nTeJihHO onpe,n:erreHHoro 3Ha'IeHIIH, 

no BbI6opy MoryT 6hITh 3a,z:i:eitCTBOBaHhI pa3JIH'IHhie BeHTMJHIT0phI. MoryT 6hITb BhI6paHbI 

rrpe,IlBapIITeJihHO orrpe,IleJieHHhie rropor0Bhie 3Ha'IeHMH, M CHCTeMa M0)KeT 6hITb BhinOJIHeHa 

40 C B03M0)KH0CThIO 6rrarorrpIIHTHO IIO,Il,Ilep)KIIBaTb ,J;HCIIJiett: B rrpe,nenax rrpHeMJieMoro 

,IlHarra30Ha TeMrrepaTyp. Lf.n5I BhIII0JIHeHII5I 3T0i13a,IlaqJI MoryT HCIIOJib30BaThCH TMIIH'IHhie 

0JIOKM TepM0CTaT0B. B KaqeCTBe TepM0'IYBCTBHTeJihHbIX ycTpOHCTB MoryT HCIIOJib30BaThCH 

TeprvmrrapbI. CKopOCTh BpameHH5I pa3JIH'IHbIX 0JIOKOB BeHTHJIHT0pOB TaK)Ke MO)KeT 

II31vieHHTbC5I B 3amICUM0CTH OT Te:rvmepaTyphI BHYTPH ,IlHCIIJieH. 

45 B 'IaCTHOCTH, cne,nyeT OTMeTHTh, 'ITO cyII.J,H0CTb H ofrheM pacKpbITbIX BapttaHT0B 

ocymeCTBJieHH5I rrpe,nycMaTpIIBaIOT 0XJia)K,Il;eHHe n106oro TIIIIa 3JieKTp0HHOro ,z:IMCIIJie5I. 

Ilocpe,r:i:CTBOM rrpHMepa, a He nocpe,n:CTB0M orpaHM'IeHMH, BaprraHThI ocyII.J,eCTBJieHIIH MoryT 

HCnOJib30BaThCH B CBH3I1 C JII06hIM ycTp0HCTB0M II3 CJie,IlyIOIIlHX: )KKJJ. (BCeMH THna:rvrn), 
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CBeTOII3JiyqaIOlllllMH ,IlHO,Ila-rvm (LED), opraHuqeCKllMlI CBeTOH3JiyqaIOIIUIMH ,IJJIO,IlaMH (OLEO), 
,IlllCIIJieeM C aBT03JieKTpOHHOH 31\'lllCCllett: (FED), CBeTOll3JiyqaIOlllllM IIOJillMepoM (LEP), 
opraHII"-IeCKlIM 3JieKTpOJIIOMMHecu;eHTHbIM ,IlllCIIJieeM (OEL), IIJia3MeHHbIMlI ,IlllCIIJie5lMll ll 

JII06bIM ,z:i;pyrIIM TlIIIOM ,IllICIIJieH C IIJIOCKllM!TOHKlIM 3KpaHOM. KpoMe Toro, BapuaHTbI 

ocyllleCTBJiemrn MoryT lICIIOJib30BaThC51 C ,r:t:lICIIJie5lMH ,Ilpynrx TlIIIOB, BKJIIOqa51 ellle He 

OTKpbIThie. B qacTHOCTll, npe,z:i:nonaraeTC51, qTo CllCTeMa MO)KeT xoporno IIO)],XO,llllTb )],JI51 

llCIIOJib30BaHll51 C OOJibIIlllMll )Kll,,J;KOKpllCTaJimiqecKIIMll ()KK,[I,) .il:llCIIJie5IMll C 3a,,::i:Hett: 

IIO)],CBeTKOH LED ll BbICOKOH pa3pernaIOlllett: crroco6HOCTbIO ( 1080i llJill 1080p llJill OOJihIIle ). 

XOT51 OIIllCaHHbie B ,z:i:aHHOM OIIllCaHllH BapllaHTbI OCyllleCTBJieHH51 xoporno IIO,!J;XO,Il5IT )],JI51 

Hapy)KHbIX cpe.1],, OHll TaK)Ke MOryT 6bITb IIO)],X0)],5IlllllMll )],JI51 BHyTpeHHllX npllMeHeHlltt: 

(HarrpHMep, .il:JI51 3aBO,IlCKllx/rrpOlI3BO,IlCTBeHHbIX cpe.1],, KypopTOB, pa3,n:eBaJIOK, KYXOHb, BaHHbIX 

KOMHaT), B KOTOpbIX TeMnepaTypHaH ycTott:qlIBOCTb )lHCIIJie51 MO)KeT HaXO,IllITbC5I B orraCHOCTll. 

CJie)lyeT TaK)Ke OTMeTlITb, qTo MHOroo6pa3Hhie OXJia)K,IlaIOlllHe KaHaJibI, KOTOpbie 

IIOKa3aHhI Ha qepTe)KaX, MoryT 6hITb IIOKa3aHhI B ropH30HTaJibHOM llJill BepTHKaJihHOM 

paCIIOJIO)KeHHll, HO UOJI)KHO 6hITb 51CHO, qTo npe,r:i;nonaraeTC51, qTo OHll MoryT 6hITb 

peBepcllpOBaHbI llJilI ll3MeHeHhI B 3aBMCllMOCTII OT KOHKpeTHOro BapHaHTa ocyllleCTBJieHIDI. 

TaKMM o6pa30M, 3aMKHYTbIH KOHTYP MO)KeT npOXO)];llTb roplI30HTaJibHO llJilI BepTHKaJibHO 

ll B HarrpaBJieHHll no qacOBOH CTpeJIKe llJill rrpOTHB qacOBOH CTpenKH. KpoMe Toro, 

pa30MKHYThIH KOHTYP TaK)Ke MO)KeT OhITh ropH30HTaJihHhIM HJIH BepTIIKaJihHhIM ll MO)KeT 

rrpOXO,IlllTb CJieBa HarrpaBO, crrpaBa HaJieBO II CBepxy ,ll0Hll3Y llJill CHII3Y ,llOBepxy. 

IlplI HaJIHqllll IIOKa3aHHbIX ll OIIIICaHHbIX rrpe,IlrroqTJITeJihHbIX BapttaHTOB OCyllleCTBJieHII51, 

crreullaJillCTaM B ,IlaHHOH o6naCTll TeXHI-IKlI ,r:t:OJI)KHO OhITb IIOH51THO, qTo MOryT ObITb C,IleJiaHhI 

MHO)KeCTBO ll3MeHeHHH ll MO,IlHQ)llKaQHH, BJHrnIOlllllX Ha OIIHCaHHOe ll306peTeHHe H Bee ellle 

OCTaIOlllHXC5l B paMKax 06-neMa 3a5IBJieHHOro ll306peTeHH51. ,[1,orrOJIHHTeJihHO, MHOrHe 1-13 

3JieMeHTOB, yKa3aHHbIX IlbIIIle, MoryT ObITb ll3MeHeHhI llJIH 3aJvieHeHhI ,n;pyrHMH 3JieMeHTaMH, 

KOTOpbie o6ecne"-IHBaIOT TaKOH )Ke pe3yJihTaT H nee ellle HaXO,Il;5lTC5l B npenenax CYlllHOCTll 

3a5lBJieHHOro ll306peTeHH51. CJie)lOBaTeJihHO, ll306peTeHne ,IJ;OJI)KHO 6hITb orpaHII"-IeHO TOJibKO 

yKa3aHHhIM o6neMOM Q)OPMYJibI lI306peTeHlI51. 

<DopMyna II3o6peTenmr 

1. CttcTeMa OXJia)K,r:t:eHH51 )],JI51 3JieKTPOHHOro 6.JIOKa 220/80 H306pa)KeHH5I, HMeIOlllero rrepen 

n 3a,Il, rrpnqeM CHCTeMa CO,Ilep)KHT rrepe,IJ:HIOIO IIOBepxHOCTb 221,n;HCnJie5I, npocTpaHCTBeHHO 

pa3HeCeHHYIO C rrepe,r:i:OM 3JieKTpOHHOro 6JIOKa 220/80 H306pa)KeHirn, KaHaJI 290, 

orrpe,z::i:eneHHhIH rrpoCTpaHCTBOM Me)K,Ily rrepe,r:i:Heti IIOBepxHOCTbIO 221 .il:llCIIJie5I H nepe,IlOM 

3.JieKTpOHHOro 6noKa 220/80 ll306pa)KeHH51, TeIIJI006MeHHllK 201, HaXO,Il;Hllllltt:C5I B ra30BOH 

CBH3ll C KaHaJIOM 290, rrpn 3TOM TeIIJIOOOMeHHllK HMeeT rrepBbIH lI BTOpoti rrpOXO,IlbI JJ:JI51 ra3a, 

rrpHqeM rrepBbIH npoxo,IJ, )],JI51 ra3a HaXOJJ:HTC5I B ra30BOH CB513ll C KaHaJIOM 290, rrepBbIH OJIOK 

202/410 neHTllJIHTopa, pacrroJIO)KeHHhrn TaK, qTOOhI HarHeTaTh UHpKynnpyIOlllHtt: ra3 210/ 

400 n KaHaJI 290 II rrepBbIH npOXO)l ,IlJI5l ra3a, II BTOpou 6JIOK 203/50 BeHTllJI51TOpa, 

pacnOJIO)KeHHbIH TaK, qTOObI HarHeTaTh ra3 211/310 OKpy)KaIOllleH cpe,IlhI BO BTOpOtt: rrpoxo,n; 

,IlJI5l ra3a. 

2. CttcTeMa OXJia)K,r:t:eHH51 no II. 1, B KOTOpoi'r TeIIJI006MeHHHK 201 rrpe,,:i,cTaBJI5IeT co6o:ti 

TeIIJI006MeHHHK C rrepeceKaIOlllllMHC51 HarrpaBJieHH51Mll IIOTOKOB. 

3. CrrcTel\ta OXJia)K,r:t:eHH5I no II. 1, ,n:onOJIHHTeJibHO co,n:ep)Kallla5I IIJiaCTHHY 10, 

rrpocTpaHCTBeHHO pa3HeCeHHYIO C 3a,IlOM 3.JieKTpOHHOro OJIOKa 220/80 ll306pa)KeHH5I, BTOpo:ti 

KaHaJI 225, onpe,z::i:eneHHbIH rrpocTpaHCTBOM Me)K.[l;y IIJiaCTHHOH 10 H 3a,IlOM 3.JieKTpOHHOro 

6noKa 220/80 ll306pa)KeHHH, n TpeTHH OJIOK 204 BeHTllJI5ITOpa ,IlOJIOJIHHTeJII,HO pacrrOJIO)KeH 

TaK, qTOObI HarHeTaTb ra3 212/300 OKpy)KaIOmeiI cpe,,::i:hI BO BTOPOH KaHaJI 225. 
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4. CIICTeMa OXJia)K)]eHII51 no TI. 3, ,IJ;OTIOJIHIITeJihHO co,11ep)Karn;a51 MO,IlYJih TIIITaHH51, 

HaX0)]5IIUIIHC51 B 3JieKTpH1-IeCKOH CB5I3II C 3JieKTpOHHhIM 6JIOKOM 220/80 II306pa)KeHII5I, II 

TeIIJIOOTBO,IJ, 12, HaX0,0:5IIUIIHC51 B TeIIJIOBOM KOHTaKTe C MO,a:yneM IIIITaHII51 II pa3Mern;eHHbIH 

BHYTPII BToporo KaHana 225. 
5 5. CHCTe1vm OXJia)K)]eHH51 ITO mo6oMy H3 IIII. 3 HJIH 4, ,llOIIOJIHHTeJihHO CO.I1,ep)Karn;a51 

MHO)KeCTBO pe6ep 18, pa3Mern;eHHhIX BHYTPH BTOporo KaHana 225. 
6. EJIOK 3JieKTpOHHOro ,IJ,IICIIJie51, CO,D,ep2KaIUIIH 3JieKTpOHHhIH 6JIOK 220/80 H306pa2KeHII51, 

H30JIHPYIOIUYIO KOHCTPYKIJ;HIO 9, rrpocTpaHCTBeHHO pa3HeCeHHYIO C 3JieKTpOHHhIM 6JIOKOM 

220/80 mo6pa2KeHH51, KaHan 15/225, orrpe,D,erreHHhIH rrpocTpaHCTBOM Me2K,n:y H3om1py10rn;eit 

10 KOHCTpyKu;HeH 9 H 3JieKTPOHHhIM 6JIOKOM 220/80 H306pa2KeHHH, MO,IJ,YJih IIHTamrn, HMeIOIUJIH 

3JieKTPOHHhie KOMIIOHeHThl 5 Ha rrepBOH CTOpOHe JI TeIIJIOOTBO,Il, 12 Ha BTOpoit CTOpOHe, rrpH 

3TOM Mo,r:i;yJih rrttTaHH51 rrpIIKpenneH K II30JIIIpyIOrn;e:t1: KOHCTPYKIJ;HH 9 TaK, qTo TenrrooTBO)] 

12 HaXOJJ:HTC51 BHYTPH KaHana 15/225, a ::meKTpOHHhie KOMIIOHeHThI 5 HaXO,IJ;HTC51 CHapy)KII 

KaHana 15/225, II BeHTHJI5ITOp 204, pacno:ro2KeHHhIH TaK, qT06hI BT5IrHBaTh ra3 OKpy)KaIOrn;ett 

15 cpe,IJ,bI B KaHaJI 15/225. 
7. ErroK 3JieKTpOHHOro )]IICIIJie51 no II. 6, )]OIIOJIHIITeJihHO co,n:ep2KaIUHH pe6po 18, 

pacrrOJIO)KeHHOe BHYTPJI KaHana 15/225 JIB TeIIJIOBOM KOHTaKTe c H30JIHPYIOIUeiI 

KOHCTpyKIJ;HeH 9. 
8. EnoK 3JieKTPOHHOro ,IJ;HCIIJie51 ITO II. 7, ,IJ;OIIOJIHHTeJihHO CO,IJ,ep)KaIUHH IIOBepxHOCTh 500, 

20 pacrrOJIO)KeHttyIO BHYTPH KaHa.---ra 15/225 H B TeIIJIOBOM KOHTaKTe C 3JieKTpOHHhIM 6JIOKOM 

220/80 mo6pa)KeHII51 H pe6poM 18. 
9. EnoK 3JieKTPOHHOro ,Il,HCIIJie51 no JII060MY H3 IIII. 6, 7 HJIH 8, B KOTOPOM 3JieKTPOHHhIH 

6noK 220/80 H306pa2KeHH51 rrpe,a:cTaBJIHeT co6o:t1: 2Klf.Il:KOKpHCTaJIJIHqecKHH .:J:HCIIJieH. 

10. EJIOK 3JieKTpOHHOro ,Il;llCIIJieH ITO JII060MY 113 rrn. 6, 7 HJIII 8, B KOTOpOM 3JieKTpOHHhIH 

25 6noK 220/80 II3o6pa)KeHl151 rrpe,;::i;cTanrr5IeT co6o:t1: ,D11crrrrett OLED. 
11. EJIOK :meKTpOHHOro )]HCIIJie51, co.r:i;ep)KaIUHH 3JieKTpOHHhIH 6noK 220/80 H306pa2KeHII51, 

HMeIOIUHH rrepe.Il, II 3a.Il,, IIOBepxHOCTh 500 C3a;:rn 3JieKTpOHHOro 6rroKa 220/80 H306pa2KeHH51 

H B TeIIJIOBOM KOHTaKTe C 3JieKTpOHHhIM 6JIOKOM 220/80 H306pa)KeHH51, rrnaCTHHY 10, 
rrpocTpaHCTBeHHO pa3HeCeHHYIO c IIOBepxHOCThlO 500, rrepBbIH KaHaJI 225, orrpe,IJ,eJieHHhIH 

30 rrpocTpaHCTBOM Me)K)]y IIJiaCTIIHOH 10 H IIOBepxHOCThlO 500, MO,IJ,Yc'1h 900 IIHTamrn, 

HaX0)]5IIUIIHC51 B 3JieKTplfqeCKOH CBH3II C 3JieKTpOHHhIM 6JIOKOM 220/80 II306pa2KeHH5I H B 

TeIIJIOBOM KOHTaKTe c IIJiaCTHHOH 10, II rrepBhIH BeHTHJI5ITOp 204, pacrrOJIO)KeHHhIH TaK, 

1:.JT06hI BT51TIIBaTh ra3 OKpy)KaIOrn;e:t1: cpe,I1,hI B rrepBbIH KaHaJI 225. 
12. EnoK 3JieKTpOHHOro ,IlHCIIJie51 ITO II. 11, ,:J;OIIOJIHHTeJII,HO co,z:i;ep)Kalllllll pe6po 18, 

35 pa3Mern;eHHOe BHYTPII rrepBoro KaHana 225 H B TeIIJIOBOM KOHTaKTe C IIJiaCTHHOH 10 l1 

IIOBepxHOCThlO 500. 
13. EJIOK 3JieKTpOHHOro )]IICIIJieH ITO II. 12, ,:J;OIIOJIHHTeJihHO co,r:i;ep)KaIUHH rrepe.Il,HIOIO 

IIOBepxHOCTh 221 ,llHCIIJie51, rrpocrpaHCTBeHHO pa3HeCeHHYIO C rrepe.z::i:oM 3JieKTpOHHOro 6noKa 

220/80 mo6pa)KeHII51, BTOpOH KaHaJI 290, orrpe,DeJieHHhlll rrpocTpaHCTBOM Me)KJJ:Y rrepe,r:i;Hell 

40 IIOBepxHOCThlO 221 ,Il,llCIIJieH H rrepe,llOM 3JieKTpOHHOro 6rroKa 220/80 II306pa2KeHII5I, 

Terrrroo6MeHHHK 201, HaXO.IJ.5IIUHHCH B ra30BOH CBH3ll co BTOpbIM KaHaJIOM 290, rrpu:qeM 

Terrrroo6MeHHHK 290 IIMeeT rrepBbIH II BTOpoti: rrpOXOJJ:hI )]JI51 ra3a, rrpH 3TOM rrepBbIH rrpoxo,r:i: 

,r:urn ra3a HaXO,IJ;HTC5I B ra30BOH CB5I3II co BTOphIM KaHaJIOM 290, BTOpOH BeHTHJI5ITOp 203/50, 
pacrrOJIO)KeHHhIH TaK, 1:.JT06hI HarHeTaTh ra3 211/310 OKpy2KaIOrn;ett cpe,Il,hI BO BTOpoti: rrpOXO)] 

45 ;:urn ra3a, l1 TpeTHH BeHTHJI51TOP 202/410, pacrrOJIO)KeHHhIH TaK, 1:.JT06hI HarHeTaTh 

IJ;JIPKY~'1IIpyIOIUIIH ra3 210/400 BO BTOpOH KaHaJI 290 H rrepBbIH rrpoxo,IJ, ,IlJI51 ra3a. 

14. EJIOK :meKTpOHHOro )]HCIIJie51 ITO JII060MY 113 IIII. 11-13, B KOTOpOM 3JieKTpOHHhIH 6JIOK 

220/80 mo6pa)KeH1151 rrpe,a:cTaBrrHeT co6oH )KK,ll.. 
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COOLING SYSTEM FOR DOUBLE SIDED DISPLAY ASSEMBLY 

lnventor(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. 

[001 0] 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 11 0 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 1 27 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, OLEO, 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 tans 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 tan 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 root of a vehicle. 

19. A display assembly tor 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 root 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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The exemplary embodiments herein 
provide an electronic display assembly 
having an electronic display surrounded 
by a front panel and a housing. An 
ingestion gap rnay be placed near a 
portion of the perirrieter of the front panel 
while an exhaustion gap may be placed 
near an opposing portion of the perimeter 
of the front panel. A buffer zone may be 
defined between the ingestion gap and 
the exhaustion gap. A fan may be 
positioned to draw open loop fluid into the 
ingestion gap, through a channel behind 
the electronic display, and out of the 
exhaustion gap. This fan may also draw 
open loop fluid through an optional heat 
exchangeL A circulating fan may force 
circulating air through an optional heat 
exchanger. 
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