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(54) Light emission display arrangements 

(57) The present invention provides arrangements 
for electroluminescent displays 1 o comprising a pack­
aged semiconductor light emitting element 12 that has 
a light emitting display side 16. A heat sink 22 is dis­
posed in the region of a rear side of the light-emitting 
element 12 opposite to the display side. Electrical con-
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nections 28 from the light emitting element 12 pass 
through said heat sink 22. Drive circuitry 30 for the light 
emitting element 12 is connected thereto by the electri­
cal connections 28 and spaced apart from the heat sink 
22 in such a manner that at least one cooling channel 
34 is defined between the heat sink 22 and the drive 
circuitry 30 for the passage in use of a cooling fluid. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to light emission 
from displays, e.g. flat panel displays and in particular 
to methods and apparatus for cooling a flat panel dis­
play, especially a large size segmented or tiled display, 
e.g. an LED or OLEO display. The displays are prefer­
ably suitable for display of varying digital or analog in­
formation, e.g. video films, television or camera pic­
tures. The displays may be for use indoors or outdoors. 

BACKGROUND TO THE INVENTION 

[0002] It is known to provide an electroluminescent el­
ement, arranged for example in the form of a lighting 
unit or a display, especially as a flat panel display. Flat 
panel displays are described in "Display interfaces", R. 
L. Myers, W~, 2002. The electroluminescent element 
of a flat panel display may comprise one or more devices 
such as light emitting diodes (LED's), organic light emit­
ting diodes (OLED), Liquid Crystals elements (LCD), 
Plasma elements (PDP), electroluminescent inorganic 
elements (EL-Displays), Field Emission elements 
(FED). If only one such device is used, or a small 
number of them, dissipation of heat generated during 
emission of light does not generally pose any great prob­
lem. Many devices of this type do not, however, produce 
much light individually and need to be grouped into ar­
rays in order to be useful for many applications. The col­
lective heat generated by such arrays may prove harm­
fu I to the devices forming the array and the ability to dis­
sipate it will dictate the density of devices in the array 
and their durability. This problem is particularly acute in 
tiled display apparatus, which may be assembled by jux­
taposition of a plurality of arrays and provide little scope 
for peripheral heat dissipation due to their abutting each 
other along their side edges. Further, electrolumines­
cent materials used may degrade at different rates at 
different temperatures. For example, aging may result 
in lower luminosity and/or colour shifts and therefore to 
variations in display quality across a large display area. 
Where displays have to be sealed against water or dust 
th is sealing can increase the difficulty of extracting heat. 
[0003] In US-6161910 an LED reading light is pro­
posed in which an array of white LED's are provided with 
a tubular housing including two heat sinks. One heat 
sink is to the rear of the device behind an LED drive 
circuit and a front heat sink is interposed between the 
LED array and the drive circuit. The front heat sink is 
connected, via a thermal pad, to the rear side of the LED 
array. Heat generated by the LED's is transferred by 
conduction to the front heat sink, from where it flows ra­
dially outward to the tubular housing and then rearward 
to the rear heat sink. Such an arrangement concentrates 
heat dissipation around a periphery of the array. This 
makes it less than ideal for use in a tiled array, where 

adjoining tiles would all be dissipating heat around their 
abutting edges. In addition, it will be noted that at least 
a portion of the heat generated by the LED's must be 
transported from the LED heat sink to a further (i.e. rear) 

5 heat sink before being dissipated. Thus temperature 
gradients are probably inevitable except at low power. 
Also the display has a considerable thickness or depth 
and weight caused by the plurality of heat sinks which 
need to contain significant amounts of metal to be effec-

10 tive. 
[0004] In US-6255786 an LED display is disclosed for 
signs and proposes passive and active heat dissipation. 
Passive dissipation is proposed in the form of conduc­
tion from connector legs of the LED's to a solder pad of 

15 a circuit board. The whole circuit board is in turn con­
nected to a rear-mounted heat sink via a heat pad. As 
the density of LED's increases, an active heat transfer 
device may be introduced in the form of a fan blowing 
onto the heat sink. Like the lamp of US-6161910, at least 

20 a portion of the heat generated by the LED's in this pro­
posal must be transported from one heat sink (the solder 
pad) to a further (rear) heat sink for dissipation. Thus 
temperature gradients will be caused. An arrangement 
such as the one proposed in US-6255786 may prove 

25 bulky for use in a tiled array, requiring a rear mounted 
fan for each tile. Cooling air being blown onto the rear 
of the heat sink may be deflected sideways off the heat 
sink and interfere with the equivalent arrangement of ad­
jacent arrays. 

30 [0005] It is known to tile flat panel displays. Two types 
of tiled displays are shown schematically in Figs. 11 a 
and B. In Fig. 11 a two tiles 90, 91 are shown of the type 
where connections 94-96 to the light emitting elements 
of the arrays are attached to the side of the panels. LCD 

35 tiled displays can be made in this manner as described 
in US Patent Application 2002/0080302. The side con­
nections require a T connector 96 between the tiles in 
one direction which should preferably be as narrow as 
possible. In the other direction T-connectors 94, 95 are 

40 provided. A mask 93 obscures the unsightly connection 
between the two tiles 90, 91. The connectors 94,96 ex­
tend in a direction opposite to the display direction. 
[0006] In Fig. 11 b two tiles 97, 98 are shown of the 
type where connections 99,100 connected to the light 

45 emitting elements of the arrays are attached to the rear 
side of the panels 97, 98. LED tiled displays can be 
made in this manner, for example as supplied by BAR­
CO N.V. Belgium, the Dlite 7, 10, 14 and llite 6, 8, 10 
ranges. Back connections are much more suited to tiled 

50 displays as the mask 93 can be very much smaller. As 
shown in the drawing the connectors 99,100 extend in 
a direction opposite to the display direction. 
[0007] It can therefore be seen that, in at least the art 
of electroluminescent displays, it is desirable to produce 

55 an arrangement that provides adequate heat dissipation 
and that is preferably also suitable for assembly of mul­
tiple arrays to generate tiled display arrangements. 
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SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to pro­
vide improved addressable displays and in particularto 
provide improved cooling arrangements for such dis­
plays, especially tiled or segmented displays. 
[0009] It is also an object of the present invention to 
provide improved addressable displays and in particular 
to provide improved cooling arrangements for such dis­
plays suitable for use where the display must be sealed, 
e.g. against dust or water, or out of doors where they 
can be subject to moisture. 
[001 0] It is an object of the present invention to pro­
vide improved displays and in particular to provide im­
proved cooling arrangements for such displays, espe­
cially tiled or segmented displays. 
[0011] It is also an object of the present invention to 
improve the compactness of displays having cooling ar­
rangements. 
[0012] Accordingly, the present invention provides a 
display, especially a flat panel display comprising a sub­
strate having an array of addressable light emitting de­
vices. A light emitting device may comprise a combina­
tion of elements which, in combination, form a light emit­
ting device, e.g. as is found in an LCD. The array has a 
light emitting display side facing in a first direction. An 
input is provided for inputting an arbitrary image, e.g. 
video, data or a still image. Drive circuitry for said array 
of light emitting devices is provided for driving said light 
emitting devices to display the arbitrary image. Electrical 
connections are provided from said light emitting devic­
es to the drive circuitry, said electrical connections ex­
tending from a rear side of the substrate in a second 
direction substantially opposed to the first direction. 
Said drive circuitry is spaced apart from said array in 
such a manner that at least one cooling channel is de­
fined between said array and said drive circuitry for ex­
traction of heat from said array and said drive circuitry 
by passage in use of a cooling fluid through the cooling 
channel. The cooling channel is sealed with respect to 
both the array of addressable light emitting devices, and 
with respect to the drive circuitry for said array of light 
emitting devices. 
[0013] The cooling channel may be arranged so as to 
extract heat from said array and said drive circuitry in 
parallel. 
[0014] It is understood that a flat panel display does 
not have to be exactly flat but includes shaped or bent 
panels. A tiled display may be constructed in a variety 
of geometrical shapes if the substrate on which the light 
emitting devices are to formed can be shaped in this 
way. A heat sink may be disposed in the region of a rear 
side of said array of light emitting devices opposite to 
said display side and forming one side of the cooling 
channel remote from the drive circuitry. Preferably, the 
heat sink abuts the rear side of the array. The electrical 
connections may pass through said heat sink and 
through the cooling channel. Said light emitting devices 

may comprise semiconductor light emitting elements 
such as Light Emitting Diodes (LED's), for example in 
the form of surface mounted devices (SMD). Such de­
vices may also be field controlled devices such as are 

5 used in plasma displays or field emission displays. The 
light emitting devices may also be made of other mate­
rials, e.g. they may be Organic Light Emitting Diodes 
(OLEO), EL-displays with phosphors or Liquid Crystal 
elements. 

10 [0015] The array is preferably packaged when it is to 
be protected from dust or water or other environmental 
influences. For example, said light emitting array may 
comprise a plurality of Light Emitting Diodes (LED's) in­
tegrated into a silicon wafer and the packaging may 

15 comprise encapsulation for environmental protection. 
For instance, the elements may also be OLED's which 
are formed on a glass substrate which forms a barrier 
in the viewing direction. Generally the glass substrate 
will be sealed and therefore may be described as being 

20 part of encapsulation. Such encapsulation usually com­
prises, at least over a working area of said first side, a 
substantially transparent material. Tough, glass or shat­
ter resistant plastic materials are preferred for the en­
capsulation such as polycarbonate or epoxy resin. 

25 [0016] The heat sink may comprise a heat transport­
ing plate having holes defined therein through which 
said electrical connections pass into. The connectors 
may pass through said cooling channel. Said heat sink 
may comprise a metallic material and electrical insula-

30 tion may be provided between said electrical connec­
tions and said heat sink. The electrical connections may 
be completely insulated. The heat sink material may 
comprise, for example, aluminum or an alloy thereof. 
[0017] Said cooling fluid may comprise a gas or may 

35 comprise a liquid. A preferred cooling fluid is a gas, es­
pecially air. A suitable liquid may comprise water. Said 
cooling fluid may be forced or drawn through one or 
more cooling channels by a fluid propulsion means. In 
the case of a gas cooling fluid, said fluid propulsion 

40 means may comprise a fan, blower or air pump arrange­
ment which either blows or sucks. In the case of a liquid 
cooling fluid, said fluid propulsion means may comprise 
a pump or turbine. The cooling system may be open 
loop, with the cooling fluid being discarded after pas-

45 sage through the cooling channel. In the alternative, the 
cooling system may be closed loop, with the cooling fluid 
being recirculated. In the case of a closed loop cooling 
system, the cooling fluid may be cooled itself by means 
of a heat exchanger. In the case of gas-cooled closed 

50 loop system, a refrigerant gas may be used, such as 
those used in air-conditioning systems. If a liquid-cooled 
closed loop system is used, the cooling fluid may include 
a fluid other than water and may, for example, comprise 
distilled water with additives such as ethyl glycol, for ex-

55 ample as anti-freeze and for corrosion inhibition. 
[0018] The present invention also provides a tiled 
panel display formed from a plurality of display panels 
according to the invention, said plurality of display pan-

3 

SEC et al. v. MRI 
SEC Exhibit 1022.3289 

IPR2023-00221



5 EP 1 408 476 A1 6 

els preferably being juxtaposed and configured to form array of light emitting devices by means of electrical 
connections passing through or adjacent to said 
cooling channel, and 
d) passing a cooling fluid through the cooling chan­
nel. 

[0023] The present invention will now be described 
with reference to the following drawings. 

a unified tiled display. The inlets and/or outlets of the 
cooling channels need not be linked between said plu­
rality of display panels forming said tiled display. Each 
cooling channel may discharge the fluid separately, for 5 

instance. Alternatively, the cooling may be provided by 
forcing a cooling fluid through several or all of the display 
tiles, some of which are connected in series to form a 
cooling circuit. In some cases, e.g. if cooling is very crit­
ical, it is advantageous to only have short cooling chan­
nels. In this way, the temperature drop between the be­
ginning and the end of the cooling channel is reduced. 
[0019] A panel display or tiled panel display according 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 

to the present invention may be used as a direct view 
display. 
[0020] The present invention also provides a method 
of producing a panel display, the method including: 

a) providing an array of light emitting devices that 
has a light emitting display side facing in a first di­
rection; 
b) providing drive circuitry for said array of light emit­
ting devices spaced apart from said array in such a 
manner that at least one cooling channel is defined 
between said array and said drive circuitry for the 
passage in use therethrough of a cooling fluid; 
c) sealing said cooling channel from both the drive 
circuitry and the array; and 
d) connecting said drive circuitry to said array of 
light emitting devices by means of said electrical 
connections extending in a second direction sub­
stantially opposite to the first direction. 

A heat sink may disposed in the region of a rear side of 
said array of light emitting elements opposite to said dis­
play side, the heat sink forming a side of the cooling 
channel remote from the drive circuitry. The method may 
include providing said cooling fluid in the form of at least 
one of a gas or a liquid and preferably forcing or drawing 
it through the or each cooling channel using a fluid pro­
pulsion means. 
[0021] The present invention also provides a method 
of producing a tiled display, including juxtaposing a plu­
rality of panel displays produced using a method accord­
ing to the present invention. 
[0022] The present invention also provides a method 
of cooling a panel display, the method including: 

a) providing an array of light emitting devices that 
has a light emitting display side facing in a first di­
rection; 
b) providing drive circuitry for said array of light emit­
ting devices spaced apart from said array in such a 
manner that at least one cooling channel is defined 
between said array and said drive circuitry, the cool­
ing channel being sealed from both the drive circuit­
ry and the array of light emitting devices; 
c) electrically connecting said drive circuitry to said 

Figs. 1 a and b are schematic diagrams of a section 
15 through a flat panel display according to embodi-

ments of the present invention; 
Figs. 2a and b show a rear view and a front view, 
respectively of a display tile in accordance with an 
embodiment of the present invention; 

20 Fig. 3 is the rear view of Fig. 2a with the fan assem­
bly cover plate removed. 
Fig. 4 shows the view of Fig. 3 with the door re­
moved. 
Fig. 5 shows the view of Fig. 4 with the controller 

25 removed. 
Figs. 6a and 6b show the view of Fig. 5 with the 
drivers removed for two embodiments of the 
present invention. 
Fig. 7 shows the front of the plate onto which the 

30 light emitting devices are mounted. 
Fig. 8 shows a front view of the display panel without 
a cover plate. 
Fig. 9a shows schematic views of cooling channels 
of a display shown in Fig. 6a. Fig. 9b shows sche-

35 matic views of cooling channels of a display shown 
in Fig. 6b. 
Fig. 1 o shows an exploded view of a display panel 
in accordance with the present invention. 
Fig. 11 a is a schematic representation of a prior art 

40 LCD tiled display. Fig. 11 b is a schematic represen­
tation of a prior art LED tiled display. 

45 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0025] The present invention will now be described by 
way of example only, with reference to certain embodi­
ments and with reference to the above mentioned draw­
ings. The skilled person will appreciate that many alter-

50 native arrangements are possible while still remaining 
within the scope of the attached claims. The invention 
will be described with reference to flat panel displays. It 
is understood that a flat panel display does not have to 
be exactly flat but includes shaped or bent panels. A flat 

55 panel display differs from display such as a cathode ray 
tube in that it comprises a matrix of array of "cells" or 
"pixels" each producing or controlling light over a small 
area. There is a relationship between the pixel of an im-
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age to be displayed and a cell of the display. Usually this 
is a one-to-one relationship. Each cell may be ad­
dressed and driven separately. It is not considered a lim­
itation on the present invention whether the flat panel 
displays are active or passive matrix devices. The array 
of cells is usually in rows and columns but the present 
invention is not limited thereto but may include any ar­
rangement, e.g. polar or hexagonal. The invention will 
mainly be described with respect to LED and OLEO dis­
plays butthe present invention is more widely applicable 
to flat panel displays of different types, such as plasma 
displays, filed emission displays, EL-displays, LCD's, 
etc. In particular the present invention relates not only 
to displays having an array of light emitting elements but 
also displays having arrays of light emitting devices, 
whereby each device is made up of a number of individ­
ual elements. 
[0026] For a general understanding of the types and 
connectivity of semiconductor light emitting devices re­
ferred to herein, the reader is recommended to study: 
"Semiconductor Devices: Physics and Technology" by 
S. M. Sze, published by John Wiley & Sons Inc. under 
ISBN 0-47i -33372-7. 
[0027] Referring to the drawings and for the moment 
in particular to Figure i a, a flat panel display device 1 O 
comprises a display 12 of an array i 4 of light emitting 
devices. The light emitting devices are addressable, i. 
e. they can be addressed by a suitable control device to 
display any suitable image. The light emitting devices 
may comprise semiconductor elements or devices such 
as semiconductor light emitting diodes (LED's) or may 
be any other suitable light emitting devices or elements 
which may be arranged in an array for displaying 20 im­
ages, such as still or video images. Suitable light emit­
ting elements are also organic light emitting diodes 
(OLED). The term light emitting device also includes 
combinations of elements which emit light and are ad­
dressable. An example of such a combination is an LCD 
in which a liquid crystal, one or more light polarizers, a 
light source and optionally coloured filters can be used 
to generate a light output. Light emission from the light 
emitting devices forming the array 14 is emitted from a 
display side i 6 of the array 14 in a predetermined direc­
tion 18. This direction 18 is arranged such that, in use, 
the display 1 o may be used as a direct view display, e. 
g. information may be read substantially directly from it 
by a user. 
[0028] The array may require environmental protec­
tion, e.g. against dust or moisture. The array 14 may be 
formed from OLED's and be for use in indoors or out­
doors. It is preferred to seal an OLEO display environ­
mentally. Alternatively, optical elements such as lenses 
may be located on the viewing side of the light emitting 
elements to provide certain effects, e.g. focussing the 
displayed light into a narrower but more intense beam 
with a reduced viewing angle and greater brightness. 
The array 14 may be formed from a series of surface 
mounted devices, for example deposited on a substrate 

or integrated into a semiconductor wafer. Such devices 
may require environmental protection when the display 
is to be used out of doors. To protect the array 14 from 
environmental damage or degradation it is sealed in a 

5 package, by for example encapsulation 20. This is per­
formed in such a manner that at least a working area of 
the display side 1 6 is covered in a substantially trans­
parent material such as polycarbonate plastic. All items 
placed on the viewing side of the light emitting elements 

10 may reduce the ease with which heat is removed from 
that side of the display. 
[0029] Preferably, a heat sink 22 is provided in the 
form of a heat transporting plate disposed in the region 
of a rear side of the array 14 of light emitting devices. 

15 The heat sink 22 is preferably in thermal communication 
with the light emitting devices and is arranged in use to 
absorb heat generated thereby. The heat sink 22 may 
comprise a metal having a high thermal conductivity, for 
example, aluminum or an alloy thereof. Thermal com-

20 munication may be optimized by connecting the heat 
sink 22 to the rear face of the light-emitting display 12 
through an optional thermal pad 24. In addition the heat 
sink 22 may be coloured suitably to absorb heat energy, 
e.g. mat black to absorb radiant energy. 

25 [0030] The heat sink 22 defines a series of holes 26 
through which electrical connections 28 pass between 
the array 14 and associated drive circuitry 30, which 
comprises power and control means for the display i 0. 
In at least the case of bare metal electrical connections 

30 28, it is preferable for the heat sink 22 to be insulated 
from those connections 28 and also insulated from the 
rear side of the ligh emitting elements. Electrical insula­
tion 32 is provided to insulate the connections 28 from 
the heat sink 22 and may optionally be provided to in-

35 sulate the light emitting elements from the heat sink 22, 
e.g. in the form of an insulating layer on the rear side of 
the light emitting devices. The electrical insulation 32 
has electrical insulating properties, but may be thermally 
conductive so as to conduct heat away from the electri-

40 cal connections 28. The insulation 32 may, for example, 
comprise any suitable material and may be provided in 
the heat sink 22, on the electrical connections 28 or a 
combination of the two. 
[0031] The drive circuitry 30 is spaced apart from the 

45 heat sink 22, i.e. away from the assembly comprising 
the light emitting devices and heat sink 22, so as to de­
fine at least one cooling channel 34 between the array 
14 and the drive circuitry 30. The heat sink 22 forms at 
least one side of the cooling channel. An additional heat 

50 sink and heat shield (not shown) may be located adja­
cent the drive circuitry and facing towards the cooling 
channel 34. According to an aspect of the present in­
vention, the cooling channel 34 is sealed from both the 
array 14 and the drive circuitry 30. The cooling channel 

55 34 provides a passage for a cooling fluid to pass across 
a heat exchange face 36 of the heat sink 22 and across 
an upper face 38 of the drive circuitry ( or additional heat 
sink if present). The heat exchange face 36 of the heat 
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sink 22 (and/or the additional heat sink) may be ribbed 
or otherwise contoured so as to increase the surface ar­
ea available for heat exchange to the cooling fluid, such 
profiling preferably being formed in such a manner as 
to promote laminar or turbulent flow. In displays having 
an increased LED density and in displays where the 
electronics are sealed off to avoid deterioration due to 
moisture, the heat extraction is even more difficult than 
for other displays. In these cases, it could be important 
to keep the cooling channel 34 very short, having a cool­
ing channel 34 which goes straight through the display 
device 10, separating the array 14 of light emitting de­
vices and the drive circuitry 30, as in the present inven­
tion. The cooling channel 34shouldfurthermore be pref­
erably designed such that there is only cooling flow in 
one direction in the cooling channel 34, as illustrated in 
Fig. 1 a, whereby the array 14 of light emitting devices 
is separated from the electronic layer comprising the 
drive circuitry 30 by the cooling flow. The latter means 
that the cooling flow is in contact with both the array 14 
of light emitting devices and the drive circuitry 30 at the 
same time, avoiding worse cooling or even reheating of 
components by a cooling flow that has already been 
heated too much by first passing another component, 

which may be the case when drive circuitry 30 and array 
14 would be serially cooled by one and the same stream 
of cooling fluid. Furthermore, by the parallel extraction 
of heat from the drive circuitry 30 and from the array 14, 
the covered distance of the cooling fluid may be rela­
tively short, so that an efficient cooling may be obtained 

due to a relatively low pressure drop of the cooling fluid 
in the cooling channel 34. 
[0032] The cooling channel 34 is completely sealed 
from the drive circuitry 30, the electrical connections 28 
and the array 14 of light emitting devices. This may allow 
the use of a liquid as a cooling fluid. Passage of cooling 
fluid through the cooling channel may be open loop or 
closed loop. In the case of open loop cooling, the cooling 
fluid is discarded after passing along the cooling chan­
nel 34. In closed loop cooling, the cooling liquid is recy­
cled, preferably being cooled between cycles by for ex­
ample a heat exchanger. The cooling fluid preferably 
comprises a gas, such as for example air. In a basic em­
bodiment, air-cooling may be used in open loop form 
with the cooling provided by convection. The advantage 
of this approach is that it offers the simplest and cheap­
est construction. 
[0033] The efficiency of cooling in an open-loop or 
closed loop arrangement may be improved by employ­
ing a fluid propulsion means adapted to force or draw 
the cooling fluid through one or more of the or each cool­
ing channels. For a gas cooling system, a fluid propul­
sion means may conveniently be provided in the form 
of a fan, blower, venturi or similar apparatus such as an 
air pump adapted to provide forced convention. For a 
liquid cooling arrangement, a fluid propulsion means 
may comprise a pump, turbine or equivalent. 
[0034] In the case of a closed loop gas cooling ar-

rangement, a suitable refrigerant gas may be used, such 
as those used in air-conditioning systems. In a closed 
loop liquid cooling system, a simple embodiment may 
employ water as a cooling fluid. It may, however, prove 

5 preferable to use a cooling fluid including a fluid or fluids 
other than tap water, such as for example distilled water 
mixed with additives such as ethyl glycol, for example 
as anti-freeze and for corrosion inhibition. 
[0035] In the particular but non-limiting example illus-

10 trated in Figure 1 a, an open loop gas cooling arrange­
ment is shown. A fan 40 blows air into an inlet portion 
42 of the cooling channel 34 and provides forced con­
vection such that the cooling air exits from an outlet por­
tion 44 of the cooling channel 34 after having passed 

15 over the surfaces 34, 38 of the heat sink 22 and drive 
circuitry 30. 
[0036] Figure 1 b shows an alternative open loop gas 
cooling arrangement. The reference numbers in Fig. 1 b 
refer to the same items as in Fig. 1 a and only the differ-

20 ences with respect to Fig. 1 a will be mentioned. The fan 
40 sucks air into the inlet portion 42 of the cooling chan­
nel 34 and provides forced convection such that the 
cooling air exits from the outlet portion 44 of the cooling 
channel 34 after having passed over the surfaces 34, 

25 38 of the heat sink 22 and drive circuitry 30. In this ar­
rangement a partition is provided in the middle of the 
cooling channel which directs the airflow to first cool the 
heat sink 22 and then to cool the drive circuitry 30. In an 
alternative arrangement the fan may blow air into the 

30 cooling channel 34 in which case the drive circuitry is 

cooled first followed by the heat sink 22. A barrier 45 is 
provided at the opposite end of the cooling channel 34 
to reverse the air flow. 
[0037] In order to provide large displays and/or dis-

35 plays that can be configured for diverse outputs, the 
present invention is adapted for juxtaposition of display 
units 1 o to form tiled displays. In order to make such 
tiled displays appear as if they are one-piece, the gap 
between neighbouring displays is preferably kept to a 

40 minimum. 
[0038] A single tile 50 of such an array being an em­
bodiment of the present invention will be described with 
reference to Figs. 2 to 11 . Figs. 2a and b show the re­
verse side and the display side of a tile 50, respectively. 

45 On the reverse side, connectors 54 are mounted on a 
door 56 which can house a power supply. Connectors 
can be provided for a variety of functions, e.g. for power 
input, for control purposes and for input of an image sig­

nal. With respect to the latter, the display according to 
50 the present invention has an input for image signals 

which are to be displayed by the addressable light emit­
ting elements in the display. For various protocols such 
as VESA GTF, CIF, VGA, NTSC, CCIR-601, SMPTE, 
SXGA, HDTV, Wide XGA, Ultra XGA, etc. which may be 

55 used with the present invention reference is made to 
standards works such as "Display Interfaces", R. L. My­
ers, Wiley, 2002 
[0039] A plate 52 covers a fluid propulsion unit for 
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generating a convective cooling flow in cooling chan­
nels, e.g. one or more fans when the fluid is a gas, e.g. 
air. The display side comprises a cover sheet 55 under­
neath which a plurality of display devices 58 are provid­
ed in the form of an array 59, e.g. the light emitting de­
vices may be LED's or OLED's. Fig. 3 shows the reverse 
side of the tile 50 of Fig. 2 with the cover plate 52 re­
moved thereby exposing a fluid propulsion assembly 
such as a fan assembly having a number of fans 60. The 
cover plate 52 covers the fans 60 and provides an air 
inlet. The fans may be impregnated to have an IP54 rat­
ing. Fig. 4 shows the reverse side of Fig. 3 with the door 
56 and power supply removed. A power supply 61 is 
thereby exposed. Fig. 5 shows the view of Fig. 4 with 
the fan assembly 60 and the power supply 61 removed. 
A controller 62 and a driver assembly 64 with one or 
more drivers are then exposed. The drivers are able to 
drive a plurality of light emitting elements 58 of a display 
59 so as to display an arbitrary still image, an arbitrary 
data image or an arbitrary video image or similar. Where 
the fans have been removed the entrance of one or 
more cooling channels 66 can be seen. The exit 88 for 
the cooling channels 66 can be located on the opposite 
side of the tile 50. The fluid outlet 88 of one tile 50 may 
be connected to the fluid inlet 66 of the next tile when 
assembled. Figs. 6a and b both show cooling assem­
blies being the view of Fig. 5 with the drivers 64 removed 
for two different embodiments. A plate 68 is visible for 
mounting the drivers 64 and the controller 62. The plate 
68 may be made of a heat conducting material, e.g. alu­
minium and may act as a heat sink on the controller/ 
driver side of the cooling channel 66. On the opposite 
side a similar plate 69 is mounted. Holes 70 are provided 
for receiving connectors from the drivers to the array of 
light emitting devices 58. In Fig. 6a, the cooling channels 
66 run underneath the plate 68 and exit at 88. These 
cooling channels are shown in more detail in Fig. 9a. 
Also shown in Fig. 9a are the connector holes 70 for 
receiving the connectors which connect the drivers 64 
to the array 59. The connectors when mounted prefer­
ably pass through the cooling fluid in the cooling chan­
nels and are therefore cooled optimally. The exiting 
cooling fluid such as air may be released to the atmos­
phere via 88 or conveyed to another part of the display 
system, e.g. to the fluid input of the next tile or to an air 
cooling unit from which it returns to the input of a tile. In 
Fig. 6b an alternative cooling arrangement is shown in 
which the cooling channels are arranged in a labyrinth/ 
serpentine between plate 69 and plate 68, e.g. a series 
of meanders over the full width of plate 68 and exit from 
the input side through one of the channels 66 as shown 
in Fig.9b. Note that in this case the connectors 86 are 
received in holes 70 and are located adjacent to the 
cooling channels. An alternative for meandering the 
cooling channels 66 over the full width of plate 68 may 
be meandering back and forward from left to right, ref­
erenced to figure 9b section A-A, instead of meandering 
back and forward from top to bottom. The inlets and out-

lets of the cooling channels 66 are on the same side of 
the tile. This is advantageous for side mounted connec­
tors, e.g. for LCD displays, where access for cooling 
may be limited by the connector positions. In all cases 

5 the cooling channels 66 are preferably arranged over 
the area of the light emitting devices 58 so as to provide 
uniform cooling of all elements of the display array 59. 
[0040] Fig. 7 shows the front side of the display to 
which the display array 59 is attached. It shows one or 

10 more heat sinks 72 which are made of a heat conducting 
material, especially a metal such as aluminium. Holes 
74 are provided which line up with the holes 70 shown 
in Fig. 6 when assembled so that connectors can pass 
through these holes 70, 74 from the drivers to the display 

15 elements 58. The display array 59 (as shown in Fig. 8) 
is attached to this plate to form a display unit. A cover 
sheet 55 may be applied to protect the display 59 (see 
Fig. 2b). 
[0041] The various plates of the display device are 

20 connected together using suitable studs and bolts and 
may be sealed with suitable gaskets in a packaged man­
ner so that the display is environmentally protected. Fig. 
10 shows an exploded view through the assembled de­
vice. From bottom to top: a transparent protection sheet 

25 55 is secured to the board 80 on which an array 59 of 
light emitting devices 58 are located. The light emitting 
devices 58 of the display array 59 are connected with 
one or more connectors 86 to the driver board(s) 64 
through holes in the one or more plates (heat sinks) 72 

30 and plate(s) 67, 68 (heat sink). The connectors 86 ex­
tend from the rear side of the array 59 in a direction par­
allel to the main viewing direction, i.e. opposite to the 
display direction. The drivers 64 are connected to the 
controller 62. The controller 62 and the other devices 

35 are powered by a power supply 61 located on the door 
56. The plate 52 covers the region of the forced cooling 
equipment 60 (e.g. fans) which force cooling fluid into 
the cooling channels 66. It can be seen in this arrange­
ment that sources of heat such as a power supply, a 

40 controller, the drivers for the light emitting devices are 
all arranged on one side of the cooling channels, namely 
the side remote from the viewing surface of the display, 
whereas the light emitting devices themselves are locat­
ed on the other side of the cooling channels. Thus the 

45 heat sources are separated from the sensitive light emit­
ting elements by the cooling channels. 
[0042] It can therefore be seen that an arrangement 
according to the present invention provides improved 
cooling for flat panel displays, in particular for those that 

50 include packaged light emitting devices. The heat sink 
draws heat substantially directly off the light emitting de­
vices forming the array and there is little danger of mu­
tual heating between the cooling surfaces of the display 
and its drive circuitry. In addition, precise conduits may 

55 be formed for the coolant fluid, which lends itself to more 
precise control of overall heat exchange. The electrical 
connections benefit from direct cooling from the cooling 
fluid along at least a portion of their length. In particular 
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the connectors are cooled close to their connection to 
the light emitting devices of the array so that heat trans­
ferred along the metal conductive pathways in the con­
nectors can be removed before it reaches the light emit­
ting elements. Also the present invention lends itself to 5 

tiled displays having minimal gaps between constituent 
parts whilst providing efficient cooling sufficient to allow 

light emitting devices, the array having a light 
emitting display side facing in a first direction; 
b) an input means for inputting an arbitrary im­
age; 
c) drive circuitry for said array of light emitting 
devices for driving said light emitting devices to 
display the arbitrary image; 

use of light emitting devices of the surface-mount variety 
and/or devices integrated into a silicon wafer. In the 
above mentioned embodiments, the cooling at those 
places where the fans 60 are mounted differs from the 
cooling at places where the cooling channels 66 are 
present. This can have negative effects as there can be 
a difference in cooling ability at one of these places. In 
alternative embodiments, not represented in the draw­
ings, and having the same features as the above em­
bodiments, this problem may be avoided by placing an 
inlet of the cooling channel 66, and consequently also 
the fan(s) 60, at the back of the flat panel display device 
10, instead of at the side of the flat panel display device 
10, whereby the cooling channel 66 is immediately led 
between the array 14 of light emitting devices and the 
drive circuitry 30 to allow parallel cooling of both parts, 
i.e. without cooling e.g. the drive circuitry 30 first. In this 
way, cooling of the array 14 of light emitting devices and 
the drive circuitry 30 occurs in parallel, i.e. simultane­
ously. In the same way the exit 88 of the cooling channel 
66 can be directed to the back of the display device 10, 

10 

15 

c) electrical connections from said light emitting 
devices to the drive circuitry, said electrical con­
nections extending from a rear side of the sub­
strate in a second direction opposed to the first 
direction; and 
d) said drive circuitry is spaced apart from said 
array in such a manner that at least one cooling 
channel is defined between said array and said 
drive circuitry for extraction of heat from said 
array and said drive circuitry by passage of a 
cooling fluid through the cooling channel, 

20 wherein the cooling channel is sealed with respect 
to both the array of addressable light emitting de-
vices, and with respect to the drive circuitry for said 
array of light emitting devices. 

25 2. A panel display according to claim 1, wherein the 
cooling channel is arranged so as to extract heat 
from said array and said drive circuitry in parallel. 

thereby providing a connection that is as short as pos- 3. A panel display according to any of the previous 
sible between the part of the cooling channel 34 witch 30 claims, wherein the panel is flat or curved. 

runs substantially parallel to the array 16 and the back 
of the display device 1 0. The latter is preferred to avoid 
large cooling channels 34 with inherent pressure drops 
and inefficient cooling, as well as unnecessary heating 
of the components, e.g. by passing already heated cool­
ing fluid over other elements to be cooled. 
[0043] The cooling channel 34, running substantially 
parallel to the light emitting part and the electronics part, 
can be present along the whole display, with a single 
inlet and outlet to the back. In other embodiments, dif­
ferent inlets and outlets can be used, all positioned at 
the back side of the display, but all installed such that 
no real cooling takes place prior to the channel being in 
between the array part and the electronics part, the cool­
ing fluid thus being provided so as to perform cooling of 
both parts simultaneously. While the present invention 
has been particularly shown and described with respect 
to a preferred embodiment, it will be understood by 
those skilled in the art that changes in form and detail 
may be made without departing from the scope and spir­
it of the invention. 

Claims 

1. A panel display comprising: 

a) a substrate having an array of addressable 

35 

40 

4. A display according to any of the previous claims, 
wherein a heat sink is disposed within or adjacent 
said at least one cooling channel. 

5. A display according to claim 4, wherein the heat sink 
is disposed in the region of the rear side of said ar­
ray of light emitting devices opposite to said display 
side. 

6. A display according to any previous claim, wherein 
said light emitting devices comprise semiconductor 
light emitting devices. 

45 7. A display according to claim 6, wherein said light 
emitting devices comprise a plurality of Light Emit­
ting Diodes (LED's) or organic light emitting devices 
(OLED's). 

50 8. A display according to any previous claim, wherein 
said light emitting devices are packaged for envi­
ronmental protection. 

55 

8 

9. A display according to claim 8, wherein said encap­
sulation comprises, at least over a working area of 
the display side, a substantially transparent materi­
al. 
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10. A display according to any of the claims 4 to 9, 
wherein said heat sink comprises a heat transport­
ing plate having holes defined therein through 
which said electrical connections pass. 

11. A display according to claim 10, wherein said heat 
sink comprises a metallic material and electrical in­
sulation is provided between said electrical connec­
tions and said heat sink. 

12. A display according to any preceding claim, wherein 
said cooling fluid comprises a gas or a liquid. 

13. A display according to any preceding claim, wherein 

5 

10 

said cooling fluid is forced or drawn through one or 15 

more cooling channels by a fluid propulsion means. 

14. A tiled display formed from a plurality of flat panel 
displays according to any preceding claim, said plu­
rality of displays preferably being juxtaposed and 20 

configured to form a unified said tiled display. 

15. A tiled display according to claim 14, wherein said 
cooling channels are separated between said plu-
rality of displays forming said tiled display. 25 

16. A tiled display according to claim 14, wherein the 
cooling channels of a plurality of flat panel displays 
forming the tile display are connected together to 
form a cooling circuit. 30 

35 

40 

45 

50 

55 

9 

16 

SEC et al. v. MRI 
SEC Exhibit 1022.3295 

IPR2023-00221



Fig.1 a 

40 12 

~------~ 
..L I 
0 

~~ Air 

L----- --

42 

16 

26 34 28 

I 

18 
I 

I 

I 

38 I, 34 
I 

20 

10 
f 

14 

m 
24 

,, 
... 
.i::. 
0 

22 C, 
.,:., 
-..! 
0) 

~~~ 
> ... 

44 

30 32 

SEC et al. v. MRI 
SEC Exhibit 1022.3296 

IPR2023-00221



.... .....
 

Fi
g.

1 
b 

40
 

12
 

\ 
42

 

16
 

' I i 
18

. 

20
 

~
 

• 
I 

I 
' 

rn 
r-

-1
 

I 
I 

~
□
tJ
 34

 
28

 
38

 
: 

34
 

30
 

32
 

' 

~
 1

0 14
 

24
 

45
 

m
 

"C
 

.....
 

.r:
,, g .r:
,, al )>
 

.....
 

SEC et al. v. MRI SEC 
Exhibit 1022.3297 

IPR2023-00221



EP 1408476 A1 

~so 

52 

Fig. 2A 

50~ / 
58 

56 
59 

55 

Fig. 28 

12 

SEC et al. v. MRI 
SEC Exhibit 1022.3298 

IPR2023-00221



EP 1408476 A1 

54 -so 

Fig. 3 

Fig. 4 

13 

SEC et al. v. MRI 
SEC Exhibit 1022.3299 

IPR2023-00221



66 

/~ /S8 
// fib 

/1/ 
1/ 

,,,✓ • 64 

SEC et al. v. MRI 
SEC Exhibit 1022.3300 

IPR2023-00221



EP 1408476 A1 

70 

68 

66 

Fig. 6b 

Fig. 7 

15 

SEC et al. v. MRI 
SEC Exhibit 1022.3301 

IPR2023-00221



EP 1 408 476 A1 

58 

,.______ 59 

Fig. 8 

16 

SEC et al. v. MRI 
SEC Exhibit 1022.3302 

IPR2023-00221



C 

70 

EP 1 408 476 A1 

69 

C 

A -,. 

~LJCJJ~ Y.lTQI tot 

Section B-B ~ 66 

A 

68 

88 

Fig. 9a 

Section C-C 

69 

70 

WJ~~w:a~ 66 

Section B-B 

Fig. 9b 

17 

70 
88 

1/, 

Section A-A 

Section A-A 70 

SEC et al. v. MRI 
SEC Exhibit 1022.3303 

IPR2023-00221



EP 1408476 A1 

52 

56 

----· 61 

64 
-.,,... 62 

. _ _,.,..--- 67 

68 

66 

72 

86 

80 

---- 55 

Fig. 10 

18 

SEC et al. v. MRI 
SEC Exhibit 1022.3304 

IPR2023-00221



EP 1 408 476 A1 

93-___ 
91 

94-----

93 

Fig.11a 

07 .., ' 98 
93~ 

99 100 

93 

97 98 

Fig. 11b 

19 

SEC et al. v. MRI 
SEC Exhibit 1022.3305 

IPR2023-00221



Category 

X 

y 

A 

X 

A 

X 

A 

X 

A 

X 

A 

y 

A 

EP 1 408 476 A1 

European Patent 

Office 
EUROPEAN SEARCH REPORT 

Application Number 

DOCUMENTS CONSIDERED TO BE RELEVANT 
Citation of document with indication, where appropriate, 

of relevant passages 

EP 0 559 124 A (KCC SHOKAI LTD) 
8 September 1993 (1993-09-08) 
* column 4, line 21 - column 6, line 50; 
figures 3,4 * 

PATENT ABSTRACTS OF JAPAN 
vol. 018. no. 561 (P-1818), 
26 October 1994 (1994-10-26} 
-& JP 06 202566 A (NIPPON SIGNAL CO 
LTD:THE). 22 July 1994 {1994-07-22) 
*abstract* 

US 6 154 362 A (TAKAHASHI HITOSHI ET AL} 
28 November 2000 (2000-11-28) 
* column 3. line 8 - column 6, line 39; 
figures 1-9 * 

EP 0 210 274 A (STANLEY ELECTRIC CO LTD 
;KOITO KOGYO KK (JP); JAPAN TRAFFIC MANAG) 
4 February 1987 (1987-02-04) 
* page 5, last paragraph - page 11, last 
paragraph; figures 5,7.10,13,15 * 

US 5 993 027 A (OMORI TAKAYOSHI ET AL) 
30 November 1999 (1999-11-30} 
* column 2, line 48 - column 4, line 15; 
figure 1 * 

US 4 729 076 A (MUNEHARU TOMINAGA ET AL} 
1 March 1988 (1988-03-01) 
* column 2. line 15 - line 59; figures 
3,5A-D * 

-/--

The present search report has been drawn up for all claims 

Relevant 
toclaim 

1-3.6-9, 
12,14,15 
4,5.10, 
11 
13, 16 

1-3,6-9, 
12, 13 

4,5,10, 
11,14-H 

1-3,6-9, 
12-16 
4,5,10, 
11 

EP 03 07 7965 

CLASSIFICATION OF THE 
APPLICATION (lnt.Cl.7) 

G09F9/33 
H81L33/00 

1-3,6,7,1----------1 
12 

4,5, 
8-11. 
13-16 

1,2,8,9, 
12 
3-7,10, 
11.13-16 

4,5,10. 
11 
1-3,6-9, 
12-16 

TECHNICAL FIELDS 
SEARCHED (lnt.Cl.7) 

G09F 
H01L 
H051< 

i ,__ ___ :_:_?J_; C_;_cn ______ l...__ ___ ol_m~-0-1~-~-n_~_:_;Y_the_;_;_.~_h 4 _ ___..I......__K_r_a_u_s_;_x~--~-er--------1 
f;j CATEGORY OF CITED DOCUMENTS T: theory or principle underlying the invention 

8 
E : earlier patent document, but published on, or 

X : particularly releva'lt if taken alone after the filing dale 
,l 

::, 

2 
0 

Y : particular!~ relevant if combined with another D : document cited in the application 
document of the same category L: document cited for other reaso"3 

A : technological aackground 
0: non-written disctosu,e 
P : intermediate document 

& : member of the same patent family, corresponding 
document il;.__ _________________________________ __, 

20 

SEC et al. v. MRI 
SEC Exhibit 1022.3306 

IPR2023-00221



Category 

A 

EP 1 408 476 A1 

European Patent 

Office 
EUROPEAN SEARCH REPORT 

DOCUMENTS CONSIDERED TO BE RELEVANT 
Citation of document with indication, where appropriate, 

of relevant passages 

EP 1 067 332 A (HELLA KG HUECK & CO) 
10 January 2001 (2001-01-10) 
* paragraph [0016] - paragraph [0028); 
figures 1-3 * 

The present search report has been drawn up for all claims 

pjace of search 

Relevant 
lo claim 

1-16 

Application Number 

EP 03 07 7965 

CLASSIFICATION OF THE 
APPLICATION (lntCl.7) 

TECHNICAL FIELDS 
SEARCHED (lnt.Cl.7) 

Exam·ner 

I 
Data of completion of 1he search I 

i ...---M_U_N_I_C_H _____ _.___ ___ 1_5_J_an_u_a_r_y_2_0_0_4 _ __._ __ Kr_a_u_s_e_. _J _____ ---1 

~ CATEGORY OF CITED DOCUMENTS T: tlleory or principle underlying the invention 

8 
E: eer!ier patent document, but published on, or 

X : particularly releva.,t if taken alone alter the fi~ng date 
~ Y : particularly relevant if combined with another D : document cited in the appliMlion 

do<:<.lment of the same cslegory l : doet.1ment cited for other reasons 
/i A : technological background 
ft O: non-written disclosure 
o P : intermediate document 

& : mentier cl the same patent family, corresponding 
document rt.__ ________________________________________ ~ 

21 

SEC et al. v. MRI 
SEC Exhibit 1022.3307 

IPR2023-00221



EP 1 408 476 A1 

ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. EP 03 07 7965 

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP ffe on 
The European Patent Office is in no way liable for these particulars which are merely given for the purpose cf information. 

Patent document 
cited in search report 

EP 0559124 

JP 06202566 

us 6154362 

EP 0210274 

us 5993027 

us 4729076 

EP 1067332 

A 

A 

A 

A 

A 

A 

A 

I 
Publication 

I date 

08-09-1993 JP 
JP 
us 
DE 
DE 
EP 

22-07-1994 JP 

28-11-2000 JP 
CN 

04-02-1987 WO 
AT 
EP 

30-11-1999 JP 
CA 

01-03-1988 WO 
AT 
DE 
EP 
KR 

10-01-2001 DE 
EP 

Patent family 
member(s) 

2818984 B2 
5252615 A 
5390093 A 

69302929 Dl 
69302929 T2 
0559124 Al 

2986297 B2 

10293540 A 
1208215 A .B 

8604439 Al 
94673 T 

0210274 Al 

10106342 A 
2216509 Al 

8602985 Al 
47624 T 

3480294 DI 
0202335 Al 
9000744 Bl 

19932051 Al 
1067332 A2 

For more details about this annex: see Official Journal ol the European Patent Office, No. 12/82 

22 

I 

15-01-2004 

Publication 
date 

30-10-1998 
28-09-1993 
14-02-1995 
11-07-1996 
10-10-1996 
08-09-1993 

06-12-1999 

04-11-1998 
17-02-1999 

31-07-1986 
15-10-1993 
04-02-1987 

24-04-1998 
30-03-1998 

22-05-1986 
15-11-1989 
30-11-1989 
26-11-1986 
10-02-1990 

11-01-2001 
10-01-2001 

SEC et al. v. MRI 
SEC Exhibit 1022.3308 

IPR2023-00221



,.... 
a.. 
w 

13'lSDOC!D: <EP 

(i 9) 

Eurnpaisches Patentamt 

European Patent Office 

Office europeen des brevets 

I IIIIIII I IIII I II Ill II Ill II Ill I Ill II Ill II Ill II Ill II II II Ill Ill II II Ill I IIII 
(11J EP 1 647 766 A2 

(12) EUROPEAN PATENT APPLICATION 

{43) Date of publication: 
19.04.2006 Bulletin 2006/16 

(21) Application number: 05022343.7 

(22) Date of filing: 13.10.2005 

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
HU IEIS ITU LTLU LV MCNL PLPTRO SESI 
SKTR 
Designated E:<tension States: 
AL BA HR MKVU 

(30) Priority: 15.10.2004 KR 2004082872 

(71) Appiicant LG Electronics, Inc. 
Seoul 150-875 (KR) 

(72) Inventors: 
" Lee, Seung Min, 

506-1005, Jinsan Mauel 
Yongln-sl 
Gyeongii-do 449-564 (KR) 

(51) Int Cl.: 
F21V 29/02t2000-u1) 

• Jang, Jun Ho 
Dongan-gu 
Anyang-sl 

F21Y 107/02(200601! 

Gyeonggi-do 431-753 (KR) 
• Lee, Tae Hee 

Jung--gu 
Seoul 100-Ti'9 (KR) 

(74) Representative: von Hellfeld, Axel 
Wuesthoff & Wuesthoff 
Patent- und Rechtsanwalte 
Schweigerstrasse 2 
81541 Munchen (DE) 

(54) Light emitting device package and back light unit for liquid crystal display using the same 

(57) A light emitting device package and a back light 
unit for iiquid crystal display using the same wherein a 
fan (322) is used to forcibly cool an LED package and a 
back !ight unit for LCD to increase the heat radiation ef­
ficiency and to prevent the degradation of the device. 

FIG. 3 

150 
i 

.1)+~~-
~
,,f::1~/il 

1 
/ /~~ !! l !i '"~ ,,_,.,,. ":::0,,:1 ;!: ,: (,:liO 

/:k/~s.:1t~r :1 11 r 11 / 
<~_,,1~!;,,,:! I: :1: :! :: :! 

'1 

!J 

rii 

322 ·- i-.. : ,-)~/ // _,,.,/ 
'\ff?~J1/ -------·>_,.,---

30, ~;,;[, / _,,./ 
• l.lA ---;~J.:::-.;.-:_::I / /// 

A.,. f 'Z _,,/·· 

) 
320 

Printed by Jouve, 75001 PA.F~IS (FH) 

1 fl47766A2 _J __ :..,., 

SEC et al. v. MRI 
SEC Exhibit 1022.3309 

IPR2023-00221



EP 1 547 765 A2 2 

Descriptiori 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a light emi1t ng 
device package and a back light unit 1or liquid ciystal 
display using the same. 

Description of the Prior Art 

[0002] In general, the light emitting diode (LED) is a 
device for transforming elec.1:ricity to light by utilizing a 
theory that, if a ourrenl is made to flow in a forward di­
rection in a junction comprising two different semicon­
ductors, eiectrnns and holes are coupled at a junction 
region to generate a light beam. Tt;e said LED has an 
advantage in that it is resistant to shock, and has an al­
most eternai iife time under a specific condition. 
[0003] An LED exceeding an incancjescent lamp has 
been currently developed. Furthermore, efforts have 
been recentiy waged to use an LED of high efficiency as 

that lt is necessar; to design a heat radiation system to 
meet these conditions. in order to meet a lum!nance level 
required by an LCD of over 20 inches under the curren1 
element efficiency levei, a heat radiation capacity of over 

s 300W/m2 is required. 
[0009] F!G.1 is a schematic cross-sectional view of a 
backlight unit disposed at an LCD according to the prior 
art. Reference nurne~rai 1 O is an LCD. A dissipation sheet 
(20) is disposed at a rear surface of the LCD (10). At the 

10 rear surface of !he dissipation sheet (10) there is posi­
tioned a substrate (30) and in front of the subs,rate (30) 
there is arrayed a plurality of LEDs (31). The substrate 
(31) is attached at the rear surface thereof with a rear 
surface sheet (40), and at the rear sutiace of the rear 

:s surface sheet (40) there is mounted a plurality of c,:,oling 
fins (4i). 
[0010! The plurality of LEDs is a backiight source of 
the LCD (10) and the rear sutiace sheet (40) formed with 
thecooilngtins (41) is cooling meansforcooiingtheback-

20 light source. 
[0011 J Tile LCD of a backiight unit using the LEDs ac­
cording to the prior art can radiate approximateiy 
3,.9W/rn2K even only with tiie thermal radiation and nat-

a iighting apparatus. However, the said L.ED does not 
match the efficiency of fluorescent llght and it does not 25 

seem to be that easy to outpe1imm the efficiency of the 
fluorescent light within a short period of time. 

ural convection. However, the :uminance required by a 
large display device, is accompanied by a problem of heat 
generation four times that of tt1e prior art, bring about a 
problem of the temperature of the rear surface sheet ris­
;ng to almost 70 degrees Celsius if the ambient temper-[0004] Although the efficiency of LED does not match 

that of the fluorescent 11ght, the LEO contains no mercury 
causing an environmental pollution as in the fluorescent 
light such tt1at studies on the LED are briskly progressed 
in terms of protection of environments. 
[0005] Typically, tt1e light source providing back-illumi­
nation (back light unit Bl.U) to liquid crystal display (LCD) 
devices is a Cold Cathode Fluorescent Light (CCFL). 
However, the CCFL contains mercury and is not a white 
light, exposing a limlt in color expression of cr1stal dis­
play. 
[0006] Meanwhile, although the LED is a monochro­
matic light source, and if three red, green and b!ue LEDs 
are combined, a variety of color temperatures can be 
expressed to make an e:xcellent LED. 

[0007! One of the drawbacks of LED is that efficiency 
drops and lifetime dramatically shortens if temperature 
of elements, particu!ariy the temperature at a junction is 
increased to a prescribed level by heat generated by op­
tical transformation process. Therefore, it should be im·· 
perative that LED be kept in an operating temperature 
under 90 degrees Celsius because its weakness to in­
crease in temperature. However, heat radiation efficien­
cy or density becomes decreased because the heat flow 
from high temperature to lowternperature ls in proportion 
to the temperature difference. For that reason, a partic­
ular hElat radiation design is required fer high efficiency 
lighting or application of LED for backlight unit. 

[0008! Particularly, in case of a light source providing 
backlight unit to LCD using LED, the strong point of LCD 
that it is thin and light should be made the most of, such 

3'JSDOC:D: ,EF' ___ 1647766A2 1 > 

30 

atum is 30 degrees Celsius. 

Summary of the Invention 

(0012] The present invention is disclosed to solve the 
aforementioned problems and it is an object of the 

35 present inventlon to provide a light emitting device (LE Di 
package and a back light unit for liquid crystal display 
(LCD) using the same adapted to forcibly cool the LED 
package and the back light unit of the LCD by using a 
fan and to increase a heat radiation efficiency and to pre-

40 vent degradation of the devices. 
[0013] In accordance with a 1irst aspect ofthe present 
invention, an LED package comprises: a metal substrate; 

an insula1ion sheet formed at an upper surface of the 
metal substrate; a plurality of electrode lines formed on 

45 the insu!ation sr1eet; LEDs electrically bonded to an upper 
suriarn of the plurali1y of elec1rode lines and arrayed in 
rows and lines; a plurality of striped protruders fixed at 
one suriace thereof to a lower surface oi the metal sub-
strate, each spaced a predetermined cjistance apart; a 

50 guide member fixed to the othersuriace of the protruclers; 
and a fan case encased therein with a fan for sucking air 
through a suction inlet and disposed at a lateral sutiace 
of the meta\ substrate and the guide member for circu­
!atlng the sucked air through spaces of the protwders. 

55 [0014! !n accordance with another aspect of the 
present invention, an LED package comprises: a body 
arrayed thereon with LEDs and formed thereunder with 
a plurality of striped protruders, each spaced a predeter-

2 
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mined distance apart: and a suction fan infusing air 
through spaces of the plurality of protruders for cooling 
a lower section of !he body and the plurality of protrude rs 
by sucking the air. 

apparatus mounted at a back !!gilt unit according to 
the present invention; 

[0015] In accordance with still another aspect of the s 
present inven1ion, a back light unit for liquid crystal dis" 
play (LCD) using LEDs comprising: a dissipation sheet 
disposed at a rear surface of LCD having a front surface 
and a rear suIiace; a substrate disposed at a rear surface 

FIG.10 illustrates a graph of measurement of a cool· 
ing efficiency of forcibly cooling a back light unit using 
a fan according to the present invention; and 

FIG.11 illust;-ates a graph of measurement of tem­
perature changes of each part based on airflow ac­
cording to the present invention. of the dissipation sheet and arrayed at a front tl1ereot 10 

with a plurality of LEDs; and a cooling apparatus cooiing 
the substrate by discharging the air sucked by a fan to a 
rear surface of the substrate. 

Brief Description of the Drawings 

[0016] The above objects and other advantages of the 
present irivemion will become more apparent by describ­
ing in detail preferred embodirnents with reference to the 
attached drawings in which: 

FIG.1 is a schematic cross-sectionai view of a back­
iight unit disposed at a.n LCD according to the prior 
art; 

FIG.2 is a schematic perspective view of LED pack­
age according to the present invention; 

FIG.3 is a schematic perspective view of routes in 
which heat is generated tram the LED package ac­
cording to the present invention; 

FIG.4 is a schematic block diagram for illustrating of 
air being circulated in a LED package further dis­
posed with additional FiG.4 is a schematic block di­
agram for illustrating of air being circulated ln a LED 
package further disposed witi1 additional compo­
nents according to the present invention: 

FIGS. 5a and 5b are schematic cross-sectional 
views for describing formation of protruders on a 
metal substrate or a gu,de member according to the 
present invention; 

FIG.6 is a conceptuai view of airtlow where a fan 
case isfurtherdisposedfordischargingairaccording 
io the present invention; 

FIG.7 is a schematic constitutional cross-sectional 
view of a back light unit for LCD according to the 
present invention; 

FIGS. Sa arid Sb are schematic constitutional cross­
sectional views of layouts ot a suction inlet formed 
at a cooling apparatus of a back ligl1t unit according 
to the present iIwention; 

FIG.9 is a schematic perspective view of a cooiing 

Detailed Description of the Invention 

(0017] Preferred embodiments of the present inven-
15 tion will now be descrit)ed in detai! with reference to the 

accompanying drawings. 
[0018! FiG2 is a schematic perspective view of LED 
package according to the present invent!on, 
[0019! The LED package comprises: a metal substrate 

20 (150); an insulation sheet ( 151) fom-,ed at an upper sur­
face of the metal substrate ( 150); a plurality of electrode 
lines (152a. 152b) formed on the insulation sheet (151 ); 
LEDs (HlO) electrically bonded to an uppeI· surface of 
the plui-ality of electrode iines ("i52a. 152b) and arrayed 

2s in rows and lines; a plurality of striped protruders (301) 
fixed at one surface thereof to a iower surface otthe metal 
substrate, each spaced a predetermined dis,ance apart; 
and a guide member (310) fixed to the other surface of 
the protruders (301). 

30 [0020] Referring to FiG.3, the LED package is mount­
ed therein with a fan (322) for sucking air through a suc­
tion inlet (321) and is further dispcsed with a fan case 
(320) encased therein with the fan (322) for sucking air 
through a suction inlet (321) and disposed at a lateral 

J5 surface of the metal substrate (150) and the guide mem­
ber (301) for circulating the sucked air through spaces 
of the protrude rs (301). Preferably, the fan (322) is across 
flow fan. 
[0021] LED package thus constructed is such That ,he 

40 fan (322) is operated to suck the air through the suction 
inlet (321), and the sucked air is circulated among the 
spaces of the protruders (301) to forcibly cool the heat 
generated by the LEDs (160), thereby improving the cool­
ing efficiency and preventing the degradation of the de-

45 vices. 
[0022] At this time, the heat generated by the LEDs 
("I 60) is transmitted to the metal substrate (150) and 
cooled by the air circulated along the bottom surtace oi 
the metal substrate (150). 

so [0023] Now, referring to r:1G.3, the air sucked in the' A' 
direction throug!1 the suction inlet (321) of the fan case 
(320) serves to cooi the meta! substrate (150) and is dis­
charged in the 'B' direction. 
[0024J Furthem1ore, the heat eradiated from the metal 

55 substrate (150) is also transmitted to the protrude rs (301) 
which in turn are cooled by the contacted air to carry out 
the fin function. 
[0025J FIG.4 is a schematic block diagram ior iilustrat-
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ing of air being circulated in a LED package further dls" 
posed with additional components according to the 
present invention, where the air sucked by the tan of the 
fan case ('.~20) is the air cooled by a cooling unit (400), 
and the cooled air fiows a!ong a bottom surface (150a) 
oi the metal substrate to further enhance tt;e radiating 
effect of the LED package. 
[0026] In otherwon:is, preferably, the LED package of 
FIGS. 2 and 3 is further disposed with the cooling unit 
(400) for cooling the air and supplying the cooled air to 
the suction inlet of the fan case (320). Preferably, a cir­
culation pipe (410) is further mounted tor supplying to 
the cooling unit (400) the air which has flowed along the 
bottom surface (150a) of lhe metal substrate and then is 
discharged. Of course, the cooling unit (400) and the su,> 
tion inlet of tt1e fan case (320) are connected via a pipe 
such that the cooled air oi the cooilng unit (400) is intro" 
duced into the suction inlet of the fan case via the pipe. 
[0027] FIGS. 5a and 5b are sct;ematic cross-sectional 
views for describing formation of protruders on a metai 
substrate or a guide member according 10 the present 
invention. The metal substrate (150) of FiG.5a is etched 
to form the protrude rs (30·1 ), and the protrude rs (301) 
and the metai substrate (150) are integraily formed. The 
guide member (310) and the protruders (301} of FiG.5b 
are integrally formed. 
[0028] FIG.6 is a conceptual view of airflow where a 
fan case is further disposed for discharging air according 
to the present invention, wl1ere the metal substrate (150) 
is mounted thereunder with the fan case (320) for air 
suction, and the metal substrate (150) is formed thereon 
with a fan case (450)for discharging the air. 
[0029] In other words, the fan (322) of the tan case 
(320) !or sucking tt;e air serves to faciiitate the suction 
of the air via the suction inlet (321 ), and the far, (352) of 
the fan case (350) functions to facilitate the discharge of 
the air via a discharge outlet (351}. The air swiftly fiows 
along the metal substrate (150) by the fan (322) of the 
fan case (350) for disct1arge of tt;e air to cool tt1e metal 
substrate (150) more efficiently. 
[0030] Meanwhile, an LED package according to the 
present invention comprises: a body arrayed thereon with 
LEDs and formed thereunder with a plurality of striped 
protruders, each spaced a predetermined distance apart; 
and a suction fan infusing air through spaces of the plu­
rality of protruders forcooiing a lowersection of the body 
and the plurality of protruders by sucking the air. Furth,~r­
more, the suction fan ls formed at one lateral surface of 
the body, and ls formed at the other lateral surface of the 
body with a discharge fan for sucking the air introduced 
!hrougt1 the plurality of protruders. 
[0031! Preferably, 111e suction fan, the plurality of pro" 
trnders and the discharge fan are hennetically sealed 
from the outside so that the air sucked from the suction 
fan is discharged via the plurality of protruders by 1he 
discharge fan and agaln sucked by tt1e suction far1. 
[0032j Berv\/een tl,e suction fan and the discharge fan, 
there is further mounted a cooling unit for cooling the air 

1647766/12 __ > 

discharged by the disd;arge fan and for supplying the 
cooled air to the suction fan. 
[0033j FiG.7 is a schematic constitutional cross-sec­
tional view of a back light unit for LCD according to the 

s present invention. 
[0034] The back light unit for liquid crystal display 
(LCD.100) using LEDs comprising: a dissipation sheet 
(120) disposed at a rear surface of the LCD (100) having 
a front surface ancj a rear surface; a substrate (130) dis-

10 posed at a rear surface of the dissipation sheet (i 20) and 
arrayed at a front thereoi with a plurality of LEDs (131 ); 
and a cooling apparatus (200) cooling the substrate ('I 30) 
by discharging the air sucked by a fan (250) to a rear 
surface of the substrate (130). 

1" [0035] The back light unit according to the present in­
vention serves to forcibly cool the substrate (130) on 
which a pluraiity of L.EDs (l ~~1) are arranged by sucking 
tile air with the fan (250). The substrate (130) is made oi 
metal and enhances the radiation efficiency of heat gen-

20 erated by the LEDs ( 131), 
[0036] The cooling unit (200) comprises: a back sur-­
face sheet (21 0) attached at one side thereof to a rear 
surface of the substrate [130) where the plurality of LEDs 
(131) are frontally arranged and protruded at the rear 

2s surface thereof with a plurality of fins (211) each spaced 
at a predetermined distance apart; a guide member (220) 
attached to a distal end of tt;e plurality of pins (211) and 
forming spaces among the pins; the fan (250) disposed 
underneatt1 the substrate (130) for discharging the air 

<10 sucked through the back surface sheet (210) and the 
guide member (220); and a fan case (270) fixed under­
neath the LCD (100) and the guide member (220) and 
having a suction inlet for sucking the alr and mounted 
therein with the fan (250). 

35 [0037J Preferably, the plurali1y of fins (211 j, the back 
suriace sheet (210) and the guide member (220) are 
made of metal for enhancing the cooling efficiency. 
[0038] FiGS. Ba and 8b are schematic constitutional 
cross-sectional views of layouts of a suction inlet formed 

40 at a cooling apparatus of a back light unit ac-..cording to 
the present invention. 
[0039] Referring to FIG. Sa, a suction inlet (261) of the 
cooling unit (200) is formed underneath the fan case 
(270), or as illustrated in i-":IG.Bb, a suction inlet (262) is 

45 formed at a front surface of the fan case (270) which is 
in parallel with a front surface of the LED (100). 
[0040] FiG.9 is asct1ernaticperspective view of a cool­
ing apparatus mounted at a back light unit according to 
the present invention. The back surface sheet (210) dis-

so posed at the coo!lng apparatus (200) of tl1e back light 
unit according 10 the pmsem invention is attact1ed to a 
rear surface of the substrate (130) on which the plurality 
of LEDs (131) are frontaily arranged. 
[0041] Furthermore, the distill ,rnd of tt1e plurality of 

55 fins (211) formed at the back surface sheet (210) ls at­
tached with a guide member, and there are formed spac-­
es among the pins. 
[0042] If the fan (250) disposed underneath the sub" 
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strate (130) charges the sucked air among the back sur-· 
face sheet (210) and the guide member (220), the sucked 
air passes the spaces formed by the fins along the back 
su1iace sheet (210) and is discharged outside via a dis-

an lr1suiation sr1eet formed at an upper suriace 
of the metal substrate: 
a plurality of electrode iines formed on the insu· 
lation sheet; 

charge outlet (265). 5 LEDs electrically bonded to an upper surface of 
the plurality of electrode lines and arrayed in 
rows and iines; 

[0043] Preferably, the fan is a cross fiow fan. in other 
words, the cross flow fan makes less noise than an axial 
flclw fan but produces a larger amount of airflow such that 
the cross flow fan is adopted for the present !nvemion. 
[0044] FIG. 7 o illustrates a graph of measurement oi a 10 

cooling effic!ency of forcibly cooiing a back light unit using 

a plurality o! striped protruders fixed at one sur­
face thereof to a lower surface of the metal sub­
strate, ead1 spaced a predetermined distance 
apart: 

a fan according to the present invention. 
[0045] Referring back to FIG, 9, first of all, substrate 
temperature rises as tin height (h) and gap (d) are in-

a guide member fixed to the other surface of !he 
protruders; and 

creased. Although increase and decrease of the fin thick- 15 

a fan case encased therein with a fan for sucking 
air through a suction inlet and disposed at a lat· 
era I surface of the metal substrate and the guide 
member for circulating the sucked air through 
spaces of the prntruders, 

ness (T) do not atfect the substrate temperature, the in­
crease of the airflow at the fan can decrease the substrate 
temperature remarkably as in the present invention. 
[0046] Subsequently, it can be noticed that a strL1oture 
of the fan being used to forcibly cool the air increases 
the cooling efficiency according to the present invention 
as against the conventional art where the fin is used to 
cool the back ligt1t unit. 
[0047] FIG.11 illus1rates a graph of measurement of 
temperature changes of each part based on airflow ac­
cording to the present invention. 
[0048] Referring to FIG.17, ti1e substrate temperature 
frontally arranged with the plurality of LEDs, the air tem­
perature discharged by the discharge outlet and the max­
imum temperature of the back surface sheet decrease 
as the airflow increases. 
[0049] in other words, it should be apparent that if the 
air is forcibly cooled using the fan, the cooling efficiency 
of the back light unit can be increased. 
[0050] For reference, the heat radiation amount of ti1e 
back iight unit in the graph is 680W/m2, and ihe reason 
data value of each part is distributed to several pieces 
relative to each airflow is that measurements have been 
conducted by moving relevant parts. 
[0051] As apparent from the foregoing, U1em is ar; ad• 
vantage in the light emitting device (LED) package and 
a back light unit for liquid cr1stal display (L.CD) using the 
same according to the present invention in that the fan 
Is used to forcibly cool the LED package and the back 
light unit for l_CD to increase the heat radiation efficiency 
and to prevent the degradation of the device. 
[0052] While the present inverntion has been described 
in detail, it should be unde;rstood that various changes, 
substitutions and alterations can be made hereto without 

20 2, The LED package as defined in claim 1 further com­
prising a cooling unittor cooling air and for supplying 
the cooled air to the suction inlet of the fan case. 

3, Ti1e LED package as defined in claim 1 further corn-
25 prising a circulation pipe for supplying the air dis­

charged from spaces among the plura!ity of protrud-
ers to the cooling unit. 

4. The LED package as defined in claim 1, wherein the 
30 fan is a cross flow ian. 

35 

5. The LED package as defined in claim 1, wherein the 
metal substrate and the protruders are integrally 
fom1ed. 

6. The LED package as defined in ciaim 1, wherein the 
guide member arid the protruders are integrally 
fomied. 

40 7. An LED package comprising: 

a body arrayed thereon with LEDs and formed 
thereunder with a plurality of striped protrude rs, 
each spaced a predeterrnined distance apart; 

45 and 
a suction fan infusing air tl,rougi1 spaces of the 
plurality of protruders for cooling a lower section 
of the body and the piuraiity of protruders by 
sucking the air. 

departing from the spirit and scope of the invention by 50 

persons skilled !n the art. 8. Trie LED package as defined in claim 7, wherein tl1e 
suction fan is formed at a lateral surface of the body 
and a discharging fan is further mounted at the other 

Claims lateral surface of the body for sucking the air intro-
55 duced among tt;e pluraiity of protrudern and dis-

·1. A.n LED package comprising· charging the air. 

a metal sL,bstrate; 9. The LED package as defined in claim B, wherein the 

5 
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suc1ion fan, the plurality of protruders and the dis­
charge fan are hermetically sealed from the outside 
so that the air sucked from the suction fan is dis­
charged via the plurality of protruders by the dis• 
charge fan and again sucked by the suction fan. 

10. The LED package as defined in claim 9, wherein, 
between the suction fan and the discharge fan, tl1ere 
is fumier mounted a cooling unit for cooling the air 
discharged by the discharge fan and for supply:ng 

the cooled air to the suction fan. 

11. The LED package as defined in claim 9, wherein the 
fan is a cross flow fan. 

12. A back light unit for !!quid crystal display (LCD) using 
LEDs comprising: 

a dissipation sheet disposed at a rear surface 

5 

10 

15 

of LCD having a front surface and a rear surface; 20 

a substrate disposed at a rear surface ot the 
dissipation sheet and arrayed at a front thereof 
witl1 a plurality of LEDs; and 
a cooling apparatus cooling the substrate by dis· 
charging the air sucked by a fan to a rearsurtace 2s 
of the substrate. 

13. The back light unit as defined in claim 12, wherein 
The cooling unit comprises: 

aback surface sheet a1tached at om, siclethere-
of to a rear surface of the substrate where the 
plurality of LEDs are frontally arranged and pro­
twded at the rear surface thereof with a plurality 

30 

of fins each spaced at a predeterrn!ned dlstance 35 

apart; 
a guide member attached to a distal end of the 
plurality of pins and forming spaces among the 
pins; 
the fan disposed underneath the substrate for 40 

discharging the air sucked through the back sur" 
face sheet and the guide member; and 
a fan case fixed underneath the LEDs and the 
guide member and having a suction inlet for 
sucking the air and mounted therein with the fan. 45 

14. The back light unit as defined in claim 13, wherein 
1l1e suction inlet a suction inlet of the cooling unit is 

formed underneath the fan case, or is formed at a 
front surface of the fan case which is in parallel with so 
a front surface of the L.EO. 

15. The back light unit as defined in ciaim 12, wherein 
the fan ls a cross flow fan. 

16. The back 11ght unit as defined in claim 12, wherein 
the substrate is made of metal. 

EiNSDOCID: <EP ___________ 1647766A2 __ 1_> 
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17. The back light unit as defined in claim 13, wherein 
the plurality of fins and the rearsu 1face, and the guide 
member are made of metal. 
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Only part of the ful"'Jler searoh !ees have beern paid within the fixed lime limit. Tlie present European 
search report has been drawn up for those parts o: lhe European patent app!foation whioh relate to !he 
inventions in respect ot which search fees have boon paid, namely claims: 

r~one ol the f1.1rlher search fees have been paid within the fixed t;me limit. The present European senrch 
report has been drawn lip for those parts ot !he Eurnpean pale11t application which relate lo the ir.venlion 
first mentioned in the cl:mma1, namely olaims: 

1-11 

Ti1e present supplementary European search report has been draw1, up for those parts 
oi !he European patent application which relate to !he invention tlrst rnei,tioned in !he 
ckums (Rule 164 (1) EPC). 
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EIJl"ODiils-.::'lCl'­
~h!htotl'lt 

tm,,pe-a,i 
l>llt:1mtOttrr~ 

Offlcee!limP,l!e11 
eae.- hrel!ets 

EP 1 647 766 A3 

LACK OF UNITY OF INVENTION 
SHEETB 

Applh;fltion Humber 

EP 05 02 2343 

The Search Division consider$ tha1 the present European patentappliciatii:m doe~ not comply with the 
require,11ents of unity ci i1111e11!io11 and relate$ to severalirwenticns or groups of inve111ii:m~, namely: 

BNSDCCID: <EP _____________ 1547766A3_J_'> 

1. claims: 1-11 

An LED package compn s mg the speci a 1 techni ca 1 feature of 
an insulation sheet formed at an upper surface of the metal 
substrate and having formed thereon a plurality of electrode 
lines [claim 1), for solving the problem of how to mount the 
LEDs to a metal substrate. 

2. claims: 12-17 

A back light unit for an LCD display compr1srng the special 
technical feature of a dissipation sheet disposed at a rear 
surface of an LCD, where the dissipation sheet is disposed 
at the front of the substrate having LEDs, for solving the 
problem of how to light an LCD display with an LED package. 
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BNSDOC:D: <EF' 

EP 1 647 766 A3 

ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. EP 05 02 2343 

This annex lists the patent tamdy members reiatmg to the patent documents cited in the aOOve-mienHcned E.1.,ropean search repo1t. 
The member& are .os ovntainvd in the European Po.tent Offic6t EDP fi!e or. 
-: he European Patent Office 1s in no way !able for thes'2 part.:culars whmh am merely given for the purpose of infonnat!on. 

Pa",,-:,nt doo:rnme'!t 
c!ted in search report 

us 5857767 A 

US 2004120152 Al 

.Jp 6202566 

us 4729076 

A 

A 

US 2004184284 Al 

EP 1408476 A 

I 
P1Jbi1cs.tion 

date 

12-01-1999 

24-06-2004 

22-07-1994 

I 
NONE 

us 

JP 

01-03-1988 DE 

23-09-2004 

14-04-2004 

EP 
WO 

NONE 

NONE 

P;1.tant fa111i ly 
membe,(s) 

2008037257 Al 

2986297 82 

3480294 Dl 
0202335 Al 
8602985 Al 

I 

30-09-2008 

Publication 
date 

14-02-2008 

06-12-1999 

30-11-1989 
26-11-1986 
22-05-1986 

~ ◊~----------------------------------------' 
ft For mere details abo!Jt :his annex . :see Official Joun1ai of the Europea,1 Patent Ofi:aa't No. 12/82 
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:f~~,::;~3.i:..:;t~-:::;. 
:i,\{·!~:"'i~,;~~~ 

:;;,:,_~~(>~~<>.""' 
>.),:-ti('t trn::i.-c{-

lllfl[lll 111 llfli rn1Hllllll lH111~1 lll~lllll H~lll~!lt !I~ 
:).f(:1":.~ ,!ii,J.~P;,,::;,~,I") 

,:}~~ :(,"(''.,,',:0~~ 

EUROPEAN PATEN'f .APPUCATfON 

{f:\1) :nt C-L: 
GO~ffJ: 2.l/18 ,·,,:~,.,.,, 1.i 

EP 1762892 Ai 

(Ml ;.~;~~~~'•;;} C(,n,rn<.t1n9 ~,;;,le:, . Iii * ~:t~:!;_r~~~L 8lntmo, ..... 

HH..ac;1{n$ka~•s:hi, 
(30) Prk,r:ty: w.oe.20(1,t JP 2004·11s·1ss ! H:itmikl ;:Jf200;J4 (JP) 

Nhach!~ ttd. 
fl'\) t1p;:,,k0.r,t Hrr t\C!-lt LTD. 1-Ht:,ichin~kf,•shl, 

Chht<x:l>¼-ku n,,J)'al<l 31 ::rn014 {JP) 
Tnkyn HJH,tl;~ao PP} ~ TEHAK.Al10, Shokht 

f-HtacM, Ud, 
('1?) bv<,,m◊r1,:. Hltm.::hl::i<3.lrn,shL 

:~~f :I~:•:•:• --······· . .. l~j~\~~~; ~P~~ner ·-~-......... .. 

(EA) UQUH) CRYSTAL PHO,JECTOR, !TS UQU!D CfWSTAL PANEL, AND !TS uorno COOLER 

{S7) i\ Hq~:":d c;yt:a: ,projec:tor. ~ ;;qu~d <:(yst::~l p::-!ntd~ 
f~nd ~~ ::q;;:d ::-:oo\l:-'if~ ~~pp<::·d" .. ~t~~-3~ kff obt;3:ning ~ ~:i~tur~1 
tviH:(~Dt dl8tu:·b.~fiC9 c,:e tD a !lquki c:oo\~}nt pa~;ting 
throuqh a. t:·ariSp~~tent ::;:.n-1::~t>e Dt H~,S: t':.cfJ;d CP/!:;t~3{ pan~:l~ 
i</:tn ~~CJd~Vh:fj (:(;:O~inq t":ff{:;{::t\:f:ly \~•~Hi ;$.:: ~1~d ::-:f ~i :~quid 
co<~lir:9 c~{ck::~ '<'::"n~~r~\n iig~ns h°(:ni a !lfiYt S{)Urce .. : 12 :~~ 

rfo/idod into tb~e~~ ta) p:~: .. ;::.:lt:1 fi9ht ·b-~?.~:tt~. 
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EP 1 7$2 892 Ai 

pi•.:)I~ctt~r tc:;,~ p:· 1.::}.:::~~~ilnf§ n12ht~ tr~;:·n ;~ liffd. ~ou.:·(:Z: thro:..:gh 
hqt.lki ~~~:;/~~:al ptH;~:\~:. bi::~n~~ ::.:~H~<l b/ ~1 ~:~S~Jh! b~{!tt. :~:·:·1) ~:~ 

:1qt~ti cfy.~t:~1 p~~::·~:: as an f:r~~~9::--~ <)f: ;~ S<;,r:·~~::\ ~~r-::d h :~:;!· 

L~~t:::..:~ tcj~ {r: p;_-;;,nk~'ui<H, tt'i0 $tn.tt::tt.n·j?,:~ :::·f i~ Htr, ... :id {~:y~J~~\ 

}ectt~r,. f:n,c-: :~~t~;- ~~ ::~quid C<:)~~~ling <spp:1:·2~tu.:~ for ,'"':G(~~ir·:D ~~t~t::··i 

t:::.e Hq~.:k':i C'.~•·!::t::Jl pHn::l: ih:01:.~~)fl •:l ::'q~{:ti {)(}:")1:::nt. 

~n H:e Rt:-~)Vf:. ;~CCi)1~·:p:2:nv~r:~;r· .. -v~tt1 .arJ inc:·~~~~~e c.:f n1e Hgh! 
i:r::H~n~~n~•' fr:):n tf\e :.:gi--:t lrr~~(.iif~ron ..::{'~-•-•'{:, :n ~hE~ tf~<:~:nt 

ye;:tts, ·tt (J.J:-n;2:~~ P.:: tJt~ •,:frtfic:~}tt !t) Bupp::-~·;sr: H-:e f:i?a~ ~J6n· 

)!·~r--ou9t: H~~~ l:·:!fC1duct:on B.nd the (jn.:::·~Jltct~n~ <i :ht: ~~::;G:in9 

~•·A:-:(l i:1tc: ~·R: tn~~:i{jc:: (i ;.ht~· :~pp;.~n::,tu::~ by :-r~f:a:1~. c·.1f thf:· 

~:·D(:-Ht:•9 f~:;n n~~=:~t:o~}i:":d ~:!·)(:v~~ 

po~l!~d p:-<..-:j-.:;c:·or~;~ :r: :whk .. ::!~ 2l l:qukJ cc-o:~~•--:ti ~HJ\..":~t (ff:O. :::~ 

:..,:-l;~h~:- .:):- tt:~~· hk!::~ ~$; :3.l!f~.l~d or 0t'K;·lc:;z~ed ~vi thin ;:"tr: intid0 

B~lS.t:K(:;flOUND i\HTS f5. 9:f~t~~-; pf~:-:~~! npp~>S.i•fl·G n:,,~~-~~·t:)~ ~::.-..~ tt~f:!t th~i nquk:i ,:._-;.:._;-o~~-:}n. 

pe:i~.Onf~i CO(np-:.~H~f. Hir(~•:.:9h ~::~:::tt9f·(l pr.c:3i:~ction lh~~{(:•Of' 

{~;~~r-2:fn;if~'.?.:· .. t)~;oh:f?, <~:::lie?d f(r~~~}~'.{ by~~ ''pr(>Ii:?-C:t(~r'): fer H>>· 

U~;~~. :-t:~:::)lvin~~ {)f div\!i1nfj th,~ H9h~ t~bt:::.in~d frorn ~~ H9~B 
sGt1tt~0. !~ucti ;:1;s~ ;~ r-:1.;~~~3; ~1~Hde ~~ffnp~ et!~ .. ; for ~::-::a:nph~ 1 

~n1o U~=-1~(: {3) cHrecti,)n:S .. ~:..n:J proj~~c:tl:Tf?. HE~rn Oft<: ?~cre~~n 
1h:rcuqh a prc-/~:(:t~Gn \~nfi S)rth~~ Hkt:, ~it~:r 1Y~Od~.fr:~Hh11J lignt 

ft:r :.is,~ c.-f the ~hrGe {~'f: p:·[n-~f:ff~i cG!Dr$;, L~:} .. H~ (} t:r· B~ 
resp.e.cfr/::i:ly. ~u1d cornptt!;~n~1 t:~~~f:'. t~y rn2:s;'tS <)f a c(·~:or 
t:Gtnp;.)s·\n~~ pfr$f:\ ~::~) 

i'.~:--ysi:;:s} pBnt:l {: -~L~ h~gh d.er;;;:t~1:Jn) fot -inctH~1f~-ln9 iht: ot>­
t~~:n~~t-:'f(~ ~'){;djn\non ;here~)f~ th~?.r~~ lB turtf:Bf f)b~;:{1n:ng t1.i9h 
!nt~n~(i~jr: ~); ::h.!n~h:~i:~\)fi {(:},? h\~1~1 Wt:tijin~lt:C~~; i'.Jj a H9n; 
~n;~dh~t/)n sour:::~~= (fQi' {?X~rnr;h~( .~do~~t[tiri c,f srnE~!;?.: haH~'3<:~ 

ny"::-19 ~~n i:{:\~1rge:·ne:-:1 of 'th-E~ djsr.-:23}/ s.c.:"e;::)n, E3t~:. r-70:· th~i 
r~~;~tie.: ... t: tn0t,?. ·i::: r~tS(:'d ·tJP ~~ p;-otd·en-:: ,:)f h~-;;:~t ~\•·h~cf{ ::::~, 

n0nsr~tf5(i -trc.:-n t~;1;~ i~Bht ~rr-adl::1t:::-~n ~~out<."":.-:: of .such h19h 

iurnlnanc~ .. tn parth:~w:~1.f.:.''l/~thin ~no r:r::'};(3(,ti.)r hV-\-'ir(r~ ~~twh 

f~h:(LJ frf>n; fh~ ~\fl{ ·i:r~~d~~tfo:·1 ~:·::E.:::-t_>~: is frr::~d:2~:~::d upon 

.;~~~ch cf th~~ liqu1d (::-y:$.'t~i; P<~T~~2.l.s f~)r ;.:st; \...":f iJint:~ (~~} pi·!~· 
n:a.:-y c:::.-~o.:-~~. }~ .. l.~·. ::-.-r E'!, .- !r.\ tn::~ r~:c•<k~~st<::-tl ~~n,i/or H·~~n::.~rnh-­

t:'?. don H;~~ ~~ud.~c~~ {h~:i~~r~t: th.~ff{:~fD:'"f\ H fr~f: l\i'fH intf:ns.":t}" 

~~b<:-~.n::: f]D~~s Dp_. ·th(~ls tl\f h(~.8.t :itn;~tab(:,n l~pc~n tf-~os•~~ liq-· 
(;:~d Cf':{S~~:l) P-~:{f':{:t~ ?C::{~.'.~ ur~, ·tn(~, ~~::d th~~r,::•b)'' :3}:::(:. (3fi'Z:f~r: '.~ff. 

;.:: ;nr.~~ ·~-. ,.:>::~• .. ~:->-... :: ;.~: .. ~, '..::.: .. d: -:~~--; ::.:: ;;.s.( ...... -"' r:< t: :··~• .-... _~ ._~: . .J ·,---\~- t.:~~ 

'f6 :~~";ah~d fr~.t~rt:tn i:::: c::-·cul::ttf~d -.:~?it!,~c·~ ~h~J inside (>f th~: :~p;:c<::~ 
~:•AU! U'.~: f":~J h ~:f~t 9B:~•::!:"{~te:..-i frr~rn tt)i:~ :~:;: id Hquif) :~:y~)i:xl 1:)a~"t·-­

f~\ ~~nd tht~r~~l;y- s.~:ppr;::s;~t::G .~n :rlcr~~}~~~: !)t t::~rnpifn:~t: ... ::·f~ 

\)ut; tc- ~3.CC:i?:ptanc.:e of i:~Jhts upon tl1e liqt.:td ~:ry~~tal p;:tnf~t: 
i.ti __ rn~:.-te:.:.tln9 th~ !\qul~:i e;rystBl panl:~~ fr?)t11: m if:fk~:;.:r:c:t:s 

;.::,rnp~(:. ·in p;;::i~cu ls:\ i'n the:~ Pf~tE:-f;t D<~curn-:?. r:t : 1 t:-:0n .. 

tk>i~e:i bs:·1c\'t-~\ thi~n~ :~~ d~~:dDs~;fj n c:oot~ng SH'dCi::..,ne:= 

~Nhe~<2~tn Hqu:1~) ctys:tBi p;~o~is. f<)f us~~ of thr0e {~1~ f; __ :n~Jft· 
rnentn~ t~t)\t.(rsf f\ (s anr~~ fi. ,· ~::r~ tcrrn~d H::: ~.~ff:\} ~~nd ~~ p:"H>-

e r:cb~=;E:-d ~~·1tt{in ;:tt: ~ns{d0 tht:r~oi. 2nd the:y r~r~ dlppi~d a 

conlh9 \.-'0S~~~3! t:-: ctint~~ir:tt t!av:n•~ ~± stir"rir:9 er chu:rifr19 
:-nx.~Hns. ~r: ~~ p~:.:tth~1n~c{. ~ht~n~by ::~ch:~~\:·}ng C?),:-:-j.]:r~~l th~n~· 
ct. !n H(idH[Dn lht}f~~t-D:, fDf {;!':{Hi":1pl~?: by t~10 ~\~tent £)0,-,:;tj._ 

~n- \Vh:-C~! tht:~ ~~onh~:.fH 'it ~:nci(~B,~·d \~•'tH-;j:: r::p~~.CtG det1n~·d 

t1·Bt~~~•.~.?.\::-~: ~ht~ nq:Jid crvst~~f p.:~f)>~~ &rF1 the pc}ia ;i.<:~n9 platt:~~:) 

bf:lng prov}:·::~:d :n ~~. 1f!)t:t ::~nd ::~ resrt~)i~rec-f, >..:~hi:e ic-~-r::In9 

Gonr:ecttng f~O'i.-Y pat~:s or ch.f~nne:;~ t);~t~~·:::-i:~n H~t: q:.::::1C-Z:$ 

hfffr:f::r ~ .... ~w·: t:'Binr; f: P~-H~"IPr f:tc,, 1h~-r~by -..-=i:'(;1-,,d::Hin~1 th<~ 

('.OQ:~an~ f1-:l$(i :.~p ',f:lthk~ :h~~ i:-~~-(j,~j,:~ ~)":' r:p:::L·~·:"cs: at.UV~~!y. 

fO·OOGJ /'i;3: '..~'fi?; n':0;::ior-:,)·~d ab~;V~:~ \.VH~;in the p:·cf~c:•:)r. 
;z:-:.~~.:)s~r:~~ th~~ t~e:~_nd CO(}t1:w:1 v~-~:h~n oprsrt (.:-f 1.b~2. il.q:.i~:i t;r'_<'S·· 

f,<Hh:r~ ::~n !nsid0 t:h~2-:<~•:l \-'..•iH~ l:tmzing & G{>:'"-V6<.;t:Gn ;;;:~~~~-sl'.:.-d 

d ~~~ !◊ tt)•?· i--:~?:~t ni~·t::·~:'2=3~:i::..)n Qt th~ ·~aid ~jq(~:d (:t·y:..~i~H ;~~~?..:"'tf~:. 

e:: c~~r-~~Jt~~-t~r~9 l"t bi n:~~: ,:_;f:-::n~~ :-n'=~~r .. t. a:;d.-\·::r u~e p:_u·:~fP: 

t2tc ... ~rcti'-.•'~~~y. ,i~~f~ ~:') th-:: Girc~.d~:t:.::)n of th~~ nq1~i~d ~.x:,c;j;~:-;t 

:.::,.1.,, .. :':,.' . .,.\. >~~~1 ,'.;~.\, .... ). ::, -....,-: .. :-C .,.< :.,:.:)J..:b ,.;{{:. L~-~J ~~~-~,.: ~~;-:,.;f: 

:.;~~~):-·: ;h~: li:~:.(td ,~:y2~t:::: pt~=~-~:~. ~~tc, :h~2 s::c~~:;:;:d~~::-a::of:, ::~c-
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f{JOQ-4] 8V ttf :;;v.:~y, con-..:,·ent!cnany. '..•vith~n .such thi:~f:.-:,J~ fi~~ tJrightnBs·~:) Gf :c: l\1ht :·~:::·:lJn.::>::~ ·~\:•;thit: p:t~jectc•r~. it: rE~(~~:!n't 
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t:·::·~ poi:::1{}f::~ {i thk': ;~pp.::lt;:{tus_, ~rk·>tud{ng the flq::..~id ~~:yBtai 
patH~~ fni:-~tl~h')t:-ed =2:t}OV~ thEH8l:'~ Un p~~:ti"c~uh::.r~ i~ ~<!tnp ~1n~j 

-~ (:OfJttOHi~r pc:t:::r~1 :2tc.), frfEn inc:._e.::tt:l:~~~ \n ~.he ttrr:p;~r· 

y<~Bn~ .. !hi:• ccoii;1;3 ;~~ not sutf:(.~e":-:t ye:~L ~rh~~n: ft::~n':t:r, ~,s 

:::r~: kr:O\·'.-'r!" t:-01Y1 t~:~ follc,=-...•::-~u PfH.E~n!: [.::o:.:.~ _ _:n::e·;:ts -~ f..~ tc 
·: ~\ ther~ ~ff~~ a~rE:· . .ad-:---- \~nox"..~n t~h'2: pr::>}e-ctor~:• fr: :.:'.:'hich n(w ... ~ 
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!ht": i: kB, is D~r(U~;:it~~d \t-A!h~n U)?...t (:(.•'.):·:n_g .cyC:e·: i.e.~ ~~Ch:t{',i·­

i:({3 thiJ c00:i':~g v~·itfi ;--:":fi~~=·: ~~~t~c\Bncy. f·:t::\f'::3r .. ~r,: p>:~:t:<:-

!3 pr(~J:~.-::tnr. c::-ct.~l<~~i<)n p{:~:t:·;{; ~He fotrn:2:d (>n f.'i~r:pfier~es: 

::J t:~"~: i:-q;;.:d c.ry;;-~f3~ pB:fl?~:s rn:~:1{\~;:-::~d :c:bov~-3. ?30 ~=~~: ti:,c 
a:ch:~t .. 1e th-::: :..:0~:;Hrigirc:{~·: H-;.::lt pi~r:ph.t::)•\ i~x:~3 :t~f=):' Hn: ~3~:;(} 

J~)n"!;:ed i:"': <-~ pi~f~pfl-i~ty :~;f ~=~ ~:f5ht h·E:~dl:it~nn ~;~,:~_: :·t~{:;. H;~:r~~by 
t:f;h~f:\'~nti t:::.f3 ctx>Hr:r~: on th,~ f;nfr~~ t)<)tSy ri th::. ~-:-to}e~~tc~: 
fav tne· 1:)ooiit~g {~ycls, 
(nOD7j Pat~~nt D(~~~tn~:.(!:-~t i: J~ipf~n(~~..;·•~ Pati:nt L:.::::.,··fn:::1· 
(":tp::::1 Nn H:3i ·~~--~;!un·:: {i ~:}~:3-i): 

P?~t.8-nt Dot~ffriG-r:t ;"t J.::tp~~r:~1::;.$! ~:.\~t~~nt Lf~)•·-inp-Gp,~f': .~.Jo. 

H~~l . .:}-S47'7B (·19~);?:): 
f-1~n0r1t t>·>~u:--n~r~t s· .. l~3p:.:~n~::;~~ PHh".::~t L~·:/l·:~9-C;p~~n r,~:;. 

f .. ~~i!ff:·:t tJi:~cu:-n<~nJ 4: .... ~<ip~inf~~]~~ P::.:Hf:nt L~.:~y:n1;;-~C:pi~:1 :...ro 
H0i 4--~~:Ji ;i~~o ( ·1 ;Ja2\ 

-F\3·:t~~n~ :l)ocLirn{~rH $: .. J:.::p:::!l·-; .. ~s~ F:2~b3:nl L~/~n:·t~")p~:n Nt~. 
Ht:t6-107S1-~1 {~~}98).: 
r-'~.t:ent L)1-'X~tn·t:i3nt tt JB.~:~?~:).:3t~-::~ P.e:ttHn.t L~:)''h~fJ-()p{~~:: No, 

H,1: 7-24B4HO { 19f~5 ): 
f'at:1-r::t fJc.<~U:'f1f~n: ~): ~JHp.:~n0s.e P-:~tent Lay:np.-.f)pi~n ·No. 
H~Ji g .. -~~-i 13f:~~ ( ·: i19iJ); 
:F·:Jtt~nt Df.)cun-it~nt 'il): Jap~~nete ~:.'2.tentL.a"/:-:-r~~i)p.::n N::::. 
He~ 1 ·i--~'":"0?411 n ·~l~39_r 
~)~3)'!:n1 (h)clJrnent: -1 i: ..J.Bpane::;;~: ?·~tent L$~·/;n9~-tJpi2:n No. 
2092 · 1 :11737 (~~◊D~l): 
P~U,t~tlt f)ot:urrH~trt ·~ ;?.: J:,p~~ni:B,:1- ~;:~t~~n: L::~fin9,()p~n Nn .. 
20ff?-.2:l ~·;5~5 {2002); 

?G05 · ?~~:) 18 ~2lHXJ): 
~-=·at~ nt Do-c:..J:·n~~nt ~ 4: .. Jt~pan,.:rt.!~3 -~:.-.atent L.i~V~rl]-Op(:·n :No. 
?00~) .. 19~) ·: 3S (~2-Q(::1)~ 
F'~~tr:nt DO!Xff:~-:::n~ ·15~ J;:ip;~f::·.::s~~ ~)ai-::~nt Lay1ng- r)p-.:::r;·~i,:.:. 
200-4-· i ~?9~$--~ (~~OG-4 )': 
~\H0nt lJo~;,_:rn0:""-:1 -i 6: J.:3t~an$$~: r)~~t&nt L~~y;hn~-fJr~~f'1 t~:·). 

H~:i ·~--·1·5Bt~B4 (1r~f:~1)·: 

P~~!~,?-(~t [)Qc:urr~~l:t -~ "?: ,j~1:t)~~t1l::!$~1 P::!t~:'fi~ :..;;-:y~n9 ~()f::·~n N:.i .. 
H~~: ~)·-~~·H~C~ ~ r; ( ·19fK1): 

[0008} At= v-..-·~:;s r~1fr:~i,1r:e.::-i ;r: cfr~t~~~k:~ in~~-;~~ ~~bo1-,.-:i:.:: '.:slith~n 
t:H pto}:~C!Of:$ n~fat::-·:g h.) HiE- c,:in•-.i~:n~Or;td ~~i3, ft!:" cb~ 

~ .. -t~~!~~ 1-r~~::Jln9 the Hq:...:i::J cooia::~ in con·~~3.Ct ~::n1 ;;: p::::t ct 
HF~ 1k-;~ii~j ~-~ry~sta\ p~~.nei. F :Jrthi~f-: :·of .t1chii~Vk~51 ~ he· C·Ot)1 :.n•~= 
:-n:.:ch tn(":,r~: {:fft:c;i\<~:iy. th<:~tt~ }~; ;.-:,ropof~~ci ;::. n·ieHi~Jd kit 

c.•.Jot\nr~~ h)r:;·1in~~ lh::3 Po:.~~ ci:2n::e{ J:)r t~--:e HqufrX \.'\/tH~fn HH:~ 

Hqt,:k"1; t:-y::Jf~.j F'tfi~v;~:, f~~~. ;,.::..:~:H :J.~.) ptt>'-.:f(tr:g ih~~ he$~! ~1>-> 
ch~E~9~:-r ~3n.Cl/<.)f'Hi?~ \,.':i:-t~~Jlatto:·: p-t.):Ttp ~~= :::.:·t ~.~:..Hski~~ ;.h~~·=·~~-­
~-l~ ·th~:1:::it~y b~.!il.d1n9 up the C0(.1 !•1n~J cy-c::.e, .s(~ H1:1tth~: nq~«::<-1 
COC·1:~~nt 1~: c;:-,:.~uWtc;:~f.i ~·:ti"H~~n fr~::i: {:O,l'..$~):;~~ ;;__;yGW· .. !-{~~V.te\.•~~r~ 

}U :n n1at intt~f:~)i,:~. ;Si:{(::~~ t~~e jfj in~,,;h~t~•:tc?~S ~B·t i~::g~-=- dU•8· h) 

!;G:~t ~f:~~n;~nxth:t-'1 \)nth~;: iiqu}dciyi~~:&l ~)i~.r:et:;,, ~f:: p:xMk~:..~:fH·~ 

ir: fr1~~ >.::-• .. -::I<:~ctor 1 th-::::-;;;::f(_;;,--;i, Bt:·• .. ::-ig c-:::F:~~nd::.: ;~:--e rrt.~de fot 
i:1~~ fk'>\~1 cf:;~nn:2:l s.n·u~)f:..H"'X-·$!-~ befr:9 \.°}pd:;·1~J~ ~o :ncr~~2~1~i;.:., th-!:: 

Co9Hn~~ &~ik:i,e:3ncy \:-..·~th ;3":n f~id t.,f th$~ Hqi.:i-..i f:oo$;Xi":t i:i th~i 

[00{}='"}1 C~:--: H:~~ t:,~hi!t h~nd, ~-V~!h :ht: p:-~-~.~<:~~~!{)t:·~ t~1i:~~lng 

tc th>~ r::o:a:v~r:.ti<1rtat \?fft:$;· r-::e:ith."Jnt:d :::t:H)":h:~. f:8 \.VS~~ rc:~·3:1-
t~•'8r:-~d p:f}',.1i~llJ~:;\y, :jui:~ io tt·i~ p;--lf'!dpl€: tn•~:-ec>f. Lf: ... t:·te 
::ghts ~n U::E"~t; \:·J; ~f:-Hct~ons obtnh:tt~j fr'.:)rn ;:~ h~Ji1t ~~-Dut-:..:t! 

J":s; f~i"t~ :TtC•dvtated tt·ln)U~jlt t ht3 cty'~)ti.=t! :.:.,.~1ne1s for us.~ ct ~t:.r~e 
{3) fund::~.rni~n~;3: ,:_:oiors~ ~\ (~ f~n~j E~,, i-~~Spt~ct:\1$~\''. ~,n~:i ;=3},~ 

pt(~[i~ct:2:~:i nr: ~ tcr~=e~ t~:rou9t) ~i pr9!~:~~t:on ~~?.:-:~; or :h~: 
:ik0, aftf~t t:~~::-'tg: _·;.yn~hes:2.::::6. by rn~{sns c..f· P.t c·t)la: ~~~:n!ht:-

ptoject,~d p:.:~ssii:{~ th.rouc/·: tho~e Hq:..i"i·d Ct';/Si::-:1 par:efs. tor 
r:i:;;:: !iqu:d cry~~t~~i pf~nek~- rn~~:-itf(:tnt~:j Hb()\1~: lr: p.:~tti(;U~f~r~ 

tho~;f?. Bi~:":'(H\tir::9 c~)o\in9 ;~-}th app\·ing ttE~ HqtJ~d {~oolar:i 
t:·::·:::rHin o.s V✓E--t rr:enUe:)~??1 abc,v~~.- ~-\:•hi:n t:,t~t'.{bl:2:s ::tr~~ h°t·-

so (::,u.::~e(i\~•thin th~ !(qu:d C(JO!~:::nt COt'tt~~ct~r~9 'N]t~': or F}HS~;:ng 
tf•.J·ous~h ~~ tr.;:::n;~p~~rt:·nt po·ru.:-~n {t·;rr ~~ s:..H·if:e~:~} .:-){ :h~: h~_:..1:d 
i)ryst~~: p~~n-t:::s, of ci)Urse{ ~~nd ft::~her v~rf:en ~·:f:ffl~r~~r:c-~~ ~~. 

g~~nenjed ir: ti-:e den~;~t:~..-"-.:vithln the nq~td C(jC-1::~nt C()nt~~ct• 

:nf} ~~-·HJ-·: or- pt:::it~;~nf1 H~t(>~19t) di1~::- ;D tht~ ~ji-fff~-:-~:-:cf~ ~f: tl":i~ 

4 

(OUi OJ Ho-,v0ver_. ~~·~th :-h~ :~◊()jing ~;!n~cl:..ff0~~. c,f :h::~ liq• 
u:d cry~ti;:~~ p~:h~hs: "tr: th~ {it~r~r~u:1 ktnt\~~ r:J pi";·Jjt:r:~c~t:·; .. ~-..:;':k,::·h 

H':£;/ iire· ~1ppged lntc• ~~ liquid pt0}$G~c:- of t.ht~ :·n;;;:tt~o(J. ·:n 
fH:tt1k::J\a.:-,. synthf~ii~?~n9 ?ht: ::9t:.ts in t:::re~~ t_:1} i3;r~~~~~:on:) 
◊bt&In~~d frc.:-rt th~3· Utt:t ~-C~U~\~i~ bv ff].e_:~t:-i) :;f ~f:f p(tf:.:n. 
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::-'.b}•~:ct 1.:-·\-a:·tint ~~ tc p(,~v:d~~ ~=~ i~qt:~ci cry~:ta~ proj~J~~tc-r. ~nd 
t:.~rth,~r ;~ Hqt:id crystal p2~n,~~ ~:n::J ~i l\q:..d>:3 cor)i{ng app;::~rB.· 

.B.:s H;;er~'{J1: for :t.;: L{~ .. :: .. : p~~i'1~cu~Hr,. ~~nabiing to coc-: tr:.~, 
1~qt:ld trysj:;:1; pt:n~ls ~\'tU~ ut:~\;-::ng H-;{z ::q~:d eoc,:l:\1 Cy'C[{z 

(::t·etdHl~n9 H~e flqti:d cno::21n{ :ht::-~:n .. ~:fft:ct:\.:-~{~f. f~nd 1rl 

~-·-~,.: ..... ;,d,: ·.:>(> ..;.:~1:.:.<~,.1.-<.:. L. 1:J ..... f .. ,<}y ,,\,:n"·.~ t:.\.. ::c~_;:c;,. ....... ;'.'.· 
;>x:t p~~:..~~lng i~rour;:h nv~: H~::.i::·;p::i:.f:n~ -s.t:rtfi~~-:~ ~.,f th~~ ;:q.~:·~d 
;.::r_r;t::t'\ pi_~:·:0; dt.:t: t:- lhJ: riiik:P~:·r::.~-~~ ~n v~:k~(:1t)/ a:1d thi:~ 

::·::ff•~:.:-,~-:-n~~"! in t~~·:n~::::rfit:Jrt\ etc., a.:~d t":·;:-H·:t:.t ret~t~;n. {}i\1inr~ 
su:::h th~~ W :::f\i;~::-:n::.:,zs t.i.fYJ:: HH~~ .P•:(;·t~r::~; ·h;:~rd~y. ~,;,1h:G~; 

p~ig:30t: th:·t,Ut~h thi~ :~q:_:kl {):~y:31:~H)~E~<:~t th0t0by ~)bt~_:jn~t?J 
t:{ p:-~ft~:·t:t)\:~ pr(:•Ji'~<=i:i:.-:,n kr~f~g~~ _ 

~.Dure.~~; .::~n :)~~:fr~~:~J ~~k~f:";:0tH f.")f , ... h~r.-ginf} 1ht nn~-:t lr::);Y~ 

~Jak~ H9f>i ~ot:cf~ int~~ <~ p23.:~H$~ ::9ht.. tc~ t},~ dh.-::d~~d int~~ 
;hn~t: {~~) il9ht tJ~~~n~s.;: 1~1rt.:;~ (3) }:Jnd:~ ?)f tlquld (:ryst::;f p.an-­
Els fc,r ·~n~~ns:~nhi:i:itl frH~ thret~ C?i) ::~;t·n t.::~an:~:- dh,"k3>~tt by 

t~-~:·t~~~ (~~) k~nz-k: c.,f :iquki (~ryst:~t p~~n~:s:- tt, b}~ tr:.odu)aH~ 

frHt![t'~it)" UH~n:?:<:{ a :~--:-:OJEG{k,:·~ n'lt.$:~ns. k:: pt{;,ji~(:15nq iht:: 

pos~d oppo~~kt~1 th~:-rt:!ot re~~p~~eti<1~:1y"s an::i t~nt:H~:· .. :?•;:.;.--{ 

t:O\\: chann(:·: "tn\~.i..._:a~~ ~~. t:i.i?.l'i•re~fstar~ct~ fiov~· ~:J·1~~.:1n~l bt~-­
~n9 t:.::1~ n::d w::·fr~r:-o tn tht:::kneti~ ~h::~n:oi'. c~)vedng ~~ Hq~_:i::~ 
cr~lfta~ p:~ni.:;:~ Br:::t3 ~,f ~;~~k"i llqut~i c:ys.t:2~t pa:-:iiL {~nd BJS.~) 

:::.n :.:~:-..::x:~~::try f~(J:':.:• .. ' c.hanr:tsl': h:-:\\•ve: H~ g{}\~' t0tirs;~r:.c~ tlc~~n 
~.aki. f:1~r/··:,{i:::::t~t~in~.~~=~ flf;~v c~7t{::tnn~~L b~::in~1 fo·~·nv,::d sur­
:ountii:"t~) ~;f:5:ki t;\9~i,r-t~3:shH~\.;<::~ fl()'.:\; ::)hc-:n~~~~i. 

~c~ pri)\•·i~j,ed ~":.. th:~:.~ki ci~yBt~~: pf~t~e~ fot :.:s~"!' k: ::;;, ffqukt ~~ty~~tt~: 
qr~.:i}:::ctnr.. c~:::rnpi~t:,:irr t, .. ,.-;::~ {ti) p:0(:'.f'.$ of t::;u~s.;:~::~rer;t su:b· 
:Jtn1ttG, 0r:.f;l,)~;;:·FJ ;::, Equid t:r~~i;~t~~\ b~~~;,:i,,.,~·~en t~:t:fl\ (~.nd f'.._:r· 

tt>0~~ ~:,,;t ie(t:~<:} a t:-ans.p;XH3-r:t ph:1h~; b~~r~·;~ {..ii~p~~:.:::i~:•.j ;:-;pp,::{,s.-• 
::-:•~-; ~D t(~~~~ :;:.ff::~:(;·i~• nf ~:::~]-fj t-..:~':-) (;~:; pi~J~>2:<s or f:1>n~.ps.~rfJn~ 

~nt b~~t\.Vt~en !-ht:-r:-~i :.,-vhe~Btr: ~3(~id fl0~ ..... :::nannel ~j-:~f:n{~t ;:{ 

t}i9h •rf~t3~I>l~:K~t: fl(:-~<·· ch;:l:nn:::i b~in9 fiat ;~nd untfo:·n-~ tr~ 

!hk-::krH~S.~· ~her-2c:-f, ;:::.r-:~J ttn--ui0r c<}rnpdt;{~S & b:..:-ffe:· por~:{)n 
ne~•;1t·:t<:'.trint~ tD H 01~~t1 t)f Upstre;:ti:": ~itJ~. i? .. J:d tk>t,...•nst:-::?.•8.:'n 

[0t)1 ttJ And, ;.3.cc:t:.rdin9 tc: H:::~ pn:~B8nt inv~1nti(J·t\ !h~:r€: 
i~~ 1utth~r p:-,:J'.Ad~·~<l :2: tiq;J1d c:;l::::!al pan~: for us-::} ::n 2~ j.[f~Ui•d 

(:fys!.i~t~ p;-·c:-l~:~ctt•L c0n··*pr:~;~n~r t:..>l(~ {2) plece:3. t:f tr~~,r:tp2s·· 
~~nt rubsn;::~~st ::~.nclot~h~fJ ~ j~qu}:.:J cr;s~~3.1 tJ:3i>.,"'...-'(~en !h::~rn:: 

tht·~e (3) ~\1nttie.;.i,rr1s., \>.,d(k:h ::\t,~ synth,:~s}2~:'.} tjy S&id ..-.:;p~· ?6 a11d h_.i:thtff ::u ieBs~ ~i tr(~::·:sp;:tt:·~n~ ::.,:a~•:;:::, bek:9 dhpt:1f:i~d 
teal syn~h::1:~i;jnf~ r(t~3r:~ns: f3nd .a Uqs_::d co\·;:i:--:g z::yde ... in·- •.:sppo.r;in9 tn on~ i~~rf:~c~~ of t;ah:i tvfo f?.) p.~I~<·.e;; t>f inir:·fr·· 
dud~ng 3. pt:rnp {3r~d ~: ~1~ d~~~tor ~ht~n?h-:, f;~:- cfri...:t.:!B~:nfl f: 

Equ:d co.~·1;:~:1t ~9'.:thin ~:~~;(i th-:-1::~~ (J) l<,:nds of t~qoki crvst~::.i 
p~~;w?t:;, ~:t) a;} to c:cindur~t ccotinn H:1~:-i:Kd, \-'•.l:~0:~~n •:~ac:h 

·tk.?\-v ch;~nnt:} for tht~ .nq;.Jk! ::-:·()nlHnt b.e~'._...H<::)fi a ~;-:J~itK;·e· of 
~;~?..:d ;\qukh:~;)--~i.tB..l ~taJ:el ~l:~d a fr{~nspatB.t:l n":err:t:-:~r to be 
\.l~~~p,q~:~ct o~,po~.jfJD t:"K~te;o_, rt~sp:::c~}·./tdf, and ~urth:::~:r(. 
~-G.f-::i ~~C•V1/ch;~nn,i: fn,:.:u~jE~s ~"! hlf~h-r~:sis;,2~nc-::~tkn:\~cr~t:nr'::€::~ 

Hquki r:=:·y~.t~~J p~~n~~.1 .:~rf::~~ ('f ;$~id Hq·i:"fd t;r:-ts~~~~ p(int~l and 
fds.Q ~ buffe:· r:o:;tk~n ~un-n<::d nf::\Jhb:)dng HJ t: o:h~ of up-~ 
~Jr::~::~rns~dt: f~no (k~)".1r:~':tt0t:r:-1si 1J$ al ;:~:3.:d tii9f':··Jf.~tst~Hx;..--: 

:s· prc'..dd~:>d 2c i:q; ... ~~d i:.~r}•~~t~1: p{:.:i~~1:::;or, ccrt:pfi::=::insr l:: liqht 
HVtH\";f:~ sn ()p:th .. ;::~\ :.:J:?n·:-t~:".t k~r :::h::{.n9tnq tt'i::1 ·iit~h! fro::1 
;~:~~·:(j i:g!~t B{)[JtCS ~f'ltW ~ µ;:1r~3·t)t::1 Hqht ·to b<:") dh•t-J-.~d. ~r:~~~ 

HH'~~::~ (~~} :\1nf be~sn·~~~.: :h:':'?-:1 { ?} k:t·Hj'$ -:)f hqt:ki cry-~;·~i:3:~ p.::~n-· 

·ttirz:·::~ {3} Eght t;,~t!~nS:1 ·w~1lch ~~r~~ By-nJne$=itt~d tty s~~k~. ~~p-­
tica·: synth0~~\~:1ng n1~a:·~s-.: :~:--:~j ;;: Pqu~(i coonn:'J c:,/i:~l·•~, ;n~ 
.ch.:dlr:n .:~ pur:~p ~ff:i) a n~dis.to: t: 1~:\?.in, ft:.r .d.rcu\:~.t~n~} :a 

::qufri ct~c-!ar~t ;;,\-•;:hit: ft,~d ih:·1~:e (J) Vind.s ot l:qutd :-~:·,/r:1~:1~ 

5 

pnn:nt:;u:'~:3.tr~te~~, SD ::ts to f'.,rn: ~?.. fk~-...s'.:.' cn~ot'ti:i! fo)·;.:J. t:q:1:d 
C?)Ot~~nt b~f:.~·{~t~·}1 ~hen\ \~hert~·in s~~~:J H~)\:./(:hann~-?.i ?jt:fine~~ 

~~nc::: Ho\.\i c~1ant:~\ b~~fr1g f:')ff!"1t(i sur:·Du~:dh:g said h\/:• 
:·:::~;j~~~«n:~>';: f!~)'...:-\t (~t1.:3:-1:H~l. 

pnJ\.tidt:d ~. Hqt.:id ~:c.oUf':fJ ;:t_:...-:p~:·a1~::s: f or:..--:f:,Q~1n~~ ~~q-..,{id(sy~:;­
~:::j: par:•t:t;:: fo: u~e 1n ~:. nq~:d crv·~·nai r.-fo.iec~or, ~~iJc.h pa:~~i:~\ 
ha\:tn~J i~--:o {~~} p:~c1s: ::~,f tri:'-.f:Gpt:JiH':t s:;.~bst:.al::: .. s, ~n-:.:}c<:::» 
'ing a r::qu~<i c.tys:t:3t t-:•Hh-~,·.::cn th)~·tn 1 "vith t: :~quld (~·[.:io~~~~Y( 

t:-pp:c.,~~ing ~o f>nt:~ s.:...td~,<:t~· <~f ;~::~Jd tv.:-(:_-:: (~·) p}0:.-:.:·~s (4 fr~:l:·is• 

p;.~:~~Jnt :>·d.:-:str~~~~s~ ~~o ~~;~ t(J J~~ik:E~ HE~rf?b{:t\..:.:~~H1 ~i h\f-: · 
ri.:::s:::~/;;3.n(,.'-~ fl0\:".t er::::tnr~e~ bbi:1g. Hz.:-r r~n•j un1h.-::~r~n. in Hf::--~k .. 
tu~~~~~~ t:·~erf::~)( C◊\••~~::-}ng 2~. ~icF.:ki t:f:lft~i p~}~1f:l ~~~·e~ (>f -s~tkj 

~~Of~i~:":!~ eye!~. 
fOO•j 7} Al~;~~, :::cc,')f:tn~. to :he pn.::s·£nt !nv-:~nfic-.,n. tn,~r~ 
:f. p·:·\;-...~id.::.d i~- ~~Q:~:1d ,;>e)oHnf; app~r~~~:,.:t fs>f cool1r:g i:q:Jid 
t~ry~-:!~3.l. p_:3)·:~:$ t~)i· ~;s::: ):': ~~ Hq1:.::d cry:~t:::i p:·o}~~-ctor. -E.:·:>..:·.t-l 
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7 EP 1 76'2 89:2 At 

high•n:sl$.~(:nc~; tloi~' cJ;2.nr::~: bi:l:-:.g "f~~st ,:~nd tH1~t.c;.:-n{ in 

thk:Kness thercot~ cc•-.:'{~r~r:g ;& Hq'-,::.d crysta: pi:n~:~ ~iH":~~ c•f 
$~i{~j HqtJ~dci--y~.t~\ i,)B:~eL ~u1d ;3:~:G·fan BU>~:i(,'.;t.ry t~t:~'./ (:~::r:·i­

nf~~ :,)-...~::; r int~!:..~~- tE~::;isi~in(;.~ i !:?.:n s;::i~3 hi~Jh --resist~~nce fi.:)~~..-

fJrth~}~ (i ~j:·i"-.iin.~~ rt:~~;;'1,fiB i'Gr thE~ li~~tid (.:::~::(rl~~nt <~(::~::~K.t8{i 

t<."t s.:~~d b~if~3r p::.~?~~~1~~ cf ~.~i(i ::(r .. fr•j c~y~::;:d p~it~el: ~ind~~ 

h~~.Rt ri~diah>r rnti;~1:'""1S L·):· f.:::_d\::~•,:tlnf~ he::1t t)~ s~~~d Hqt:~d c:y~.t:~l 
pan~~:~ i;,·\thk:~; ~::,..: r(~Cf::v~~-.1 i:~ t:r::id {kr .. ~· c:r~=1n:-::e~ ~t1t::: ::t~ -c~m --

[0018] Ir ed::il;:c~n !() t:":~ :..::t:t~Y,~. 2,:.Cf~Onj::-:~: t(~ H!2 

p(~3Sf~nt \:;:/:::: nt:D:~: ,,sf!~-::nt:~::;;~ri}•y·. b~;t f~ L~c-: i :."}:"" s~:->: .. ~t1:~~pHsh­
~i·19 t:":f3 otf·~t rn<:int:onf:d <-::i;bov~. th~~:·~1 t~ provkh~:d ;~ liq~)d 
cry~:t~~: pt:~}e.ch~:--.. cc,•tnp:1-sinrr ~l nfJht :s.t:t~f'.'.)~; <Jr: ,')ptk;~: 
-$:t~Jn':Hnt k}t cJ::7~r:fit:g thB ~:f;ht trot:"!. ~:(~~('f li(}ht ;S:.:)Urc~?. l:;t;; 

~~ p~n~U~:\ H9f~t~ t~ bE~ :.:f:v~,]i3(~ intn thn2H (J) H~i-Yt tHs-~:n1s:: 
!htt:e ($) k:'fKiS t>i ~k1~:kictyst;.:"t~ pEit>::?~S h:,rtn::.n,:;:~;:it;k~9 H:se 

~hrs~ {$) \i9tt beB.r:t~ d{',/tif:(:f b:,/ :3:?:id optic~~ ~~l::::·nHnt 

t:c<~l ~~yrithesb~~ng rn•t1nns fot '$.;yntni~slzing ~h<::~ U;r::~e ($) 

liqh~ b~~~;n~.::. p~~s.s:nn ihf<)U~1t12;1:iki t:'it~~ {3) k!nds <)f ·/fq1..:id 
t.f)":;~8! p.:2:a1<:~fa~ H} b~ t':"1s'.)tkd8:tf: {n:<:!n:-;~t~;' th€:fi;Ot-; ~~ p:"i'.)_it::C·­

f(~r: n1~B.t:f fo:- pro]~x:thg th~:: t.hrr~{: {~i) ~~9ll1 b::~·;?.fn::J, ¥~·hic:h 

c;~.:-s!P.:1 _pnnt~:ls f(:t:· :..:s~ m 23 liquld crystaJ fH(.-jet:;tor. ~?23<J; 

ps~:t~l tt~,vin~f h•'./t} f{~) pit:ce~; o~ tn~~n~.pB.r~~:-~t f!Ub~;irates, 
{:nck::.s:::9 :::..Hqukicry:~t::u t:.:jt'.-',..:€~t•n1-1":t~n\, \\''ith ;~ :)~utct C.(JDt•­

{~nt. co01~:::s~:·:tr :~~t j;~~~-st a nsns;p;?.Jl'~tl~ pi~~tt~. b~::r{; a~s.• 
p~·)s·~~·(i i)pp,.)sinft fQ D:"~i:J ~:~~rf.;,._~::.:e .:..;f S~i!d t\.VO u·:') p:-:~CBS c~{ 

B'H:~~:p;:~ttint ~i.:t:~3.tr~~tes, ;;,:) ::ts !f:- :..i-~ifne Hl{~~fl'~b:~t\'\:':.~~;:~ f~ 

;::·;~t fi'D~"i ch~nnf:~~ bi~·/r:f:~ f~8f <if~d u:·~~f~)rn-: :n t.}:f::-~k'":!·~:~s_ 

lh~~rf:-~-::t} c<:'/B·:~n~1 i~ lkt:~~\<.j (":tystf~i :->a;1e.~ Bx~::~'1 nf ::.:2~id ~~q:..::d 
{::xy:'2:t::1i· ~·:::c;n~~~- ~:ind a:·s~J" ~~. se.c~:~d i:{>?-.• r:~·1::~-~~~;:e: ~,n ~ c::~:~ 

~{:• c:i upstrc:.~:: .. 1 s1d~~ {~nd d(1,,yn:~tn~:2":n: t;kit~ cf E~dd f: r~t fl-..)-..,·\:' 
~-~hiinn;~:~ bf:.in9 h\1~>~r ~n fk~;,,~• :·~s:t;:~=::tn!:x~ t~1~n H::at ~n '.$(~.i6 
trst 11()~~~ (:h~~nn~::i: fttnhe:· ;::. ~fri-..-1.~~f~ rn-2:s~•~~- ~-...~:-- tht: ::q~s{d 
::::-...~n:.~ol. cn:1rH::ct,~d to ~:~;:.id fl:s.t ;~r~d 23~~:d .t~con•i t·ic,,·\~ 

-:::l":13:·:n{::){;;~ t 1f .~~dd iiq[Jki C:'/:2:~:.=t: pani~); f3::d .:~ hi:~¢.;~ f;-::d\{~t(.:~ 

~nh) .:~:1 t)Ut$.itf,?-:. \:'..•thf~r~:by b~~ikJ~r:g f! ::qL~~s coofk1g cy;;:k~ 

[0011:] .~ ... k:i.w•2:v~n, 2~.c.cordi:n-fJ ;.~~ tht pres)~r:.1 ~nvenJk::1. 1n 
H1f! !iqt~~dD~ist::i! ptcj~(:t::)r~ ti:e ~~quk: c:y·2~ta! p~~nel f::>:- u:~e 

tat~::~ fr::r c:::"J<Ji:nq l~-:~u-:ci crv~nai p~:~f;el{~ for u.:~t: :r: ::: Hq~~):.j 

cr">_.-s.t.a! pt<:}~:ct{:i.{, <lS descrJ~,~d ::-"t tht:. abo·v~, pn~tetab~)1) 

!::a\(i nq~;id cty.stal p::in.:~~ h~~tnt:- ::X~fnp:·:s~is ~~ b-..1U E:r portton 
n{~~l~ht1~.)dn9 tc s~3.ki s:2~Cl')n\·) f:'.,':)~\' •~i"\~nnE{ ::1 ;~dd~lie.n t{:i. 

.0:n~ synU;;~s:?;f;j by,s-2:ld ,~pt~cal synth~~--~it:n9 r:·1,~snr: BJtil .?6 s2!:'ti s.~:.::~oi:~d 1k.)~~• •.:J~f~.nn€:"l. 
~~ lkFJid (.O~):::-::g C}'(:l(;., in::Judjng ;~ p~1::np and ·a r:::.cfa:HD:" 

·::· .. ~·c::\ tc,r clr"-:u;:?..tfr;9 a ;:qu;(i ic)~O~B.rn Y1.'.~;:rh~n ~~a;d three B~HEf DESCB~P.ftf.)N OF DRJ-\\tfiNC.~S 
(3) k~nds ,.Jr Hq(;:d cry·s.tB~ p~; n~=::ls~ ~.-o .::{~; t~) <:0nduct ::~:x~H n9 
ihr::rf:•~>'t s .. ,l~(~r:.$ln ~~l(~h tl t;aid ~hr'.~e {~)} ~-:jf:ds of nql{:d [Of.122.T 
t(•rst~~f ptn<~lsdef:nes~~ -fl,.JV·i ~.t~annE:i ·fortnE: HqtJ\ei co(~faint 3~·? 

t)~~h~e~:n ~~.s~rrt~c~· t}i ~"-3~1::) fiql:'l:.;! ~-:rysi~~~.::-.~rh1~ ~n0 ~~ t:·ans~ P,-:.gs. i {~J ~:trtl 1 {b) ~te cn)s~~ -~.::~c~lnn v:~~ws.., ~n{~lt.id:ng 
p:::1:{:nt rn<~tnb::-::·tG t:re<Hsposl2:d appc-.-sh·}~J thi~r~t 1.):·-::2:~'1e:c:•• A,..A !)tcss s~x,non ~het-c:~o( {(::- ~ho"..,-...•;r:f?. 'tf)~ dt""}tHfo?; of 
t~v.e\·\ :3fl<l turtht:r. ~:;aki'fk::l}~~ <.~};anni)} ~fk:~h.tiJ<:)~,: g f1ts~ ik::"°'V h:~t~~·rtor sln.;<J: ... H't:~~ r.-f a Eql~j,J -::.:Jys:ta,:. p.B;f:f~i !Gr ~;s~: in 
~~h<3nnl;:!l b~~n9 t·1tJ ;:!nd un:ift)rrn ~n n~~ckn:~~$.~. :hf:.n::tlf., S::(f~/-· 

~:iinQ ;1 !iqt:Id cry~ttd pc;r~i1l fV~::·::. o{ s::l:d fo:~~-.i:d f1rystf~~ p::-.:n" :..:::; 
~,!, nnd ~:k}o a ,:3t·K:t::nd f:o¼~ (.:h.~:n;~f::f pr•:)~:l~ded on ~~ (·:n.;~ Gf 

:.ip.str0::1n·~ ~;.ic};~ {ff~ti t1◊'.-\:'n::-;tn~:Srr: :::?i-:Jt~ ot r~~3.id fi:·s:t f/~::~v 
ch~~n:1Bf. h::1.\i~n9 no-t~· r::~::~~$.t;~r;c0 h~gt1er t~~.:~:·t·H~.&t .1:: :·3aki 
fn~t flo~~• c~~ctt}nt:i. 

c": Hq;.:1d (~!)~:!:?.,! pt.,'J}t~ct~:-.-r .. ~:G~~Otding k~ ~n ,2:n~l)r~dl· 

n;&nt : nt t,t";€~ p:-~s~~ht iO'lt~:•100::; 

F\r .2 h~ ~s· "ti&~¼' f<.:r ·e:;(pt:::.~r:in,;J ~~ t~it(:~J~~1tio:1 f)OW' ~)t B. 

l\Q~J\Q ct .. 1.·)::~fH wl~h::-: H:~ gquid. cryt:tB: pn:-:t}ec~c:-. ~<> 
c)Jrclint~ l•.J ·tf::~ {:::1lbz1~~;::rr;e:-n ~· of t~{;.s-pt\JSf:·n·t k1v-:::::-~:~o[:; 

f'◊:' S:~x:t:,rnpl\shing the i)~)jB:.ct n·:~~ntk.:•n~d -~bo~h1. thf:r~~ j_$ r-~:g. i:': is~:-.. bi0Ck ,;ji~~9r~r:: fo: s:ho-.,,•t~,;J' <~r: E:::'.i~Vt:rJ!~ ri 
PP,)VidE~d ~3 llq;..:ld CfyBt~\ f5:~f'h~l f<)f {;~S.!~ fr, ~i Hqu~d i:-~ryB.t<!l th::~ ~nt\:~ ~:rs.J:~tu:-c:~~; wt th>~' [~:'.{~..i!,d Cf':i~}~:-..t pt;~j~:(~t,)t': 

p:-Dj-::1::.::H>r, ce:wnp:~~l:\l P,•vc, {~?1 p\;,,?-(:es :.)f tf'~3:~f>p~i::E-~nt $Ub~ h;r•'llr:9 Hq;..:1d ct.-::=-:!:i•;::] ~:pJ)~J:·t,3h~s fot tt1~~ ~:(F.:ki ci\~stcBi 
~-t:·::-::t~t:: :1:-,:c.ios::·::§J ~ gq:.(:fj ~-=--~~·{St<~l bE~t·..-...,'~:s;: t~~:·n:: rn~d hff.. p8:~f:lt::~ :::t>:~Of\.ik:•~! t•::: th~ p:-~$.f?nt ~nv~:ntc~~\ 
1i~,E~ r- ~~t l~:~t:~•f: a tn~n.sp::i:"E~t:t p~i~~\:'':. t)E:~n9 d~:SpO:i~~·d 0.PPDS, - ..:·t 

~:~g to G:~e :::;·ds~~~-=~t: of ;::,;:~i~i P-~··O {t 3 pi~:c;~r r}i ~r'-:3:is,:,)(ffi:}~l f-~\J~; . .:.H:3} ~ :1d :::.(ts} :::::·,~ cJnKt:- s~~ci:(~n vj~\~i~;, :nc:.t:dir":G 

fi:st fh)~,-:,:· ::;h~~nr:~~i b,:~~~nrJ ft~~. ~~nd Ut:gi;)t":'~~ :in Ui\i.~knei:f t.ct~ p::~~H::L \.Yhkj: :~· sf:o~\;T: :n F:~f~. ': (~~1 ::Htd i (b\ 
th.::~t~~,.::,( l.,~•ith~n Bf: ~~t~a ::;:ovi~th~f~ ~=~ ;;q:.~~~:i <>:vst2:! :.:::t',a Gf 3~! 
s~~s\;,,i nqw~::t cryti::tl ;J:3::-i~~l.: c.ncl ~:urthf~:~ l~:'.>:·npd.:$~$: ~:;: ~\~c:::,.:~d F1qs, E1{~; ;:::n,:j S{b) ;3:-~~ fi.):·u~~:r ar~:-s:3 -~~i?-C:ti::Jt~ ~.t1E~~,:s., 
H-:)'l/').: c.h:~~nne~ r;i~~\f~bbdn~~ !(') a Onl.':: ~1t i_ .. i~s?re;:::.:T~ s~d~: ~~r~::J h:c:j1;d~si9 A·}·\ ctcs.s =~-=-:c::}on ~:-:~?-r::-o~. for "::-h~>v\ti:19 ~h~: 
dO\\'n:;~tr:·~~tF: t~l.ct~ of $.~ki h\l~ .. rBti~J;-:.n~;;~: fh)~~ chHnn 1'E::: dett3.i:s (~f in1~~ri,:)r st)\~;:,;tu:~~3. oi:tt:f~· ilq:...:ki c:yst2:.: pa::1e-!. 
~;--~<,'~~ ~\ ....... f,_·,,:-::.,~ .... _._,z :.\;t .. ~. ~ .. '.u~ 'U.\.~, \ ... s~~fr:i t~{$:~ f~:.::-~:-...-' 
cMs~t3e!. :;f; 
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d,~~~3~}:3 et tr(•~ i~~i~~d{)f ;;tn .. K:-n;rf:.;,.~ Gf ~%Vi~ E'.~U:d t::ystfil 

pr::"'1-2::: ~~c~>o:d~r:g 1-::- (:>tiltin .. r:D<ltf:e~~h;n of tht pr~-s.~rn 

Fig. 7 l~S. fi C:"OS$ ·Sf~:::t:·on vi:?\:\~ fD:' 3-.hV\.-... ·i:~;* ::t n·~r-<:nn­

Cf::t\~)n of H~f: ;;q.~rid ~~?y~::~3: p~-:n~:, ~::~~·:c,)n1~tiD 1~: H~~ 

(~!n~:r :2:n~i~x.:{J:n~enL \'.vh·:t.:n \.:1 ~1·~~)1:.:v:·~ in r.., .. i~f~ .. f..{a) ti~ (s 
tDi:tni.\~)n,~ti abn·Je; 

ln~; A-}-\ .~rc-:r> ;$(~t.:f:·J:": U;~:'S2:<..·l. fc: .. ~;fi(r~v:n~1 u:.~~ d2t::{~!f: 

of h"'!·~er~(:r :::tn.:{·:tU.:{:~; of;~ n::·,d~f:.:.:::S.~t~on ~f ~~ nq~.:ltl cr\·t· 
r;~~ p:&t:n~: toru~.:~J ~n ~~ Hqu:'d <:-:rystt:d pr:::,;~~;t():\ s~-,;(;c•rd· 
}t:g tc, :1t.: ~~:--r;b:..)(iirr:ent :2 of ~:i(: .Pt,~~-·~~nt f:1'..t~;:~t~:)t~: 

F~tr ~) ~s ~~ v~3'..;-._.·· fr):· ~Xf~tx!:-:::t}9 ~~ ~~:r::-::fL~t::·Jn fk;~-:.,-· Di (i 

liquSd cnnl~:nt v,-·:rhh"': 'ti·1H i:q:lid i'~J:''/~)~;~~ pr(jJ~~G~D~. tf>­

(;{.,:ird\n9 t..:., Hii~ ~rr~b(}dirne;~t2 of tt-~ e p :·t::BE~nt. ~nv.e :::t:orr; 

Uli~ 1.lqul~j ctys.ta: ptcjE::(i!({~-~ ~~r~d ;:t~~;~:.. ~:s ls ;Jpp::irt-:.~:i fr~;fn 

t~~0 ng:.t:~. v•Att1~n ~u1 in23kh:: ti--~Brec::d ~s pt0\.1\~)0t3 ~~ H9hl l:r~ 
n?tdiat:cin s.:;~Hcf:. t~J~·)h as{ :e~ tnet:~.i h;:tht3~3 1:~~rnp 1 :: 2 .. for 
i~:Xf~tt~;;-1•~- /~,JK( tf-:,e ::~/1t~~ f:"on~ H~i~ :":nh~ :i'':''f~l'..ii;.::.tlon: s-:c:.i:ce 
1 ·1 ::t. :arr· t)r{>u~~ht ~nt:.-:.; ~j p23:1st~~~l n;$ht t:r ni~~ hin.ct1:)t~s ot ~~ 

~lrst !-en~: ~~~-r:::!y : : ~). ~~ ~::r~<~on:..i :~~ns: Bn:3V ·1: ~ •·\ a p•J:hr~l::1-

ti◊:i -...;of:.v-:~:t-:~r ~=1~·:'n~~i·:t 1 i fa ~i:1d 23. ~:f>:1df~ni~i:1fi l::~t:t i: f, 
!◊ bt: -..:utpu~ti~••j_ 1\·;)~; pB:~~ih~•i ::~Jht:, ll·~en:·!::}t!:::··: :_.~ f?~::ded 
:.~nk: t~ fi:~t ~jk::~!\)~(". n"l:rro:- 11 'l; :2tnd B. p~:·1 nt~~:ri~i.."'}'t 1-:\d\~l~:· 

10·1 i/1) fr)r ::.::S{: •~~f n {r•:3d) nit'()i:.:~·ti f~ n~~~t \."':(~tdf:·ns.t.~t iens 

1 ·u-.:;~ i:t t~~: rn-~dut;~tnd !ht:(~·::-~. ~~nd }:1'h1f(:;3:t'h:~r- ;t :'~$>.:~Ch0t 

to~~ f:d·~~Jh)~_;yr~tt:eS;·:zing: pr:·~~fft ': ·1 ~t 
[002~~.J C)n U-;.-~ (Jth~~r t:.;;:.:1fj, ti-~•~ :::{.tht r·{:-::fiBct~:d up{)f: tr~~-~ 

si i:~"$~! d\-:.-:hr,'.)}C n~:n·::)t ·~ fl rn•~:-i!h.-:n?~d 2:b::)'.d~~ t'$ n~~fj~~·CH?:<i 

:·r:i~ids:·nt upot~ ~:- Sf~cc;nd tjk!::o-k: rnkto:- 12·1 ·r:{~~ Hrtrt rt~· 

fh~ci:;~d thi3n~cn is gt/::J~::f ()f:io {~ ::qu!d c;vs:~sJ p<~r'iel 101 
:/~>) i(if ; . .r::~f.! ~;t ti· (~Jr~on) "thrnt:·-gh a s~c~?rd cer~d:2:ns;!'t' 

F:gs. :O{~~) ~nd ·:o {t}} :1:-B c:(:f.s~sec1ioE vlev1/S,. :n. ~:o f-t~n~3 ·1.22, ar:d :afh~~r t:H::-infJ rnodutfU•~d U1:?.n~:n it !"'~2:fiCht~*~ 

~':::..Hj~nri tvl\ ~fGS.S S<:X:tnn t:'::e;·~o( for shO~'.Jinff H•{:. t;:) tt·~e· pnotc:s:vn~hf:s;;:(n9 pfr:2::-n i 1 [:1. i:.\fff:u.::-r{ HE~ Hgh~ 
d,·~t~Hs Qf int'.t~r:c,t ~.tnjctute~. t11 a ~"f'tDdtfo.:~;_:"'\tic-n {)f ~h<~ p{:n~in:tt~nt1t~wo::.;gt1 the :s;~x:on,!~jJ:'::hri)le: n-~:.rror ·1;~·1. p8.ss~· 
::.q:J:d i:;ry~~t::~: pani:::i~ ~.;h~cn ~::J ~~ht?·~:,,,.·n \r: Fig::?. H(?~} Hnti ing th:·ouqh .:~ SJ~Gt)nd reiit-::c!for: :":-~int~\· ·1 ('::l 6.nti ~t H~h::-,_y 
~~fb }: h::,ns : ;i-:-~.1 h:: n~fa~~clt~d t:pon the St:d';:tce ?)f ~ third r;.2:f~f:et:,)n 

J~~j rnt:tc:-r 1 c.'~5 .. ;:::r:d is 9( .. ik~e~j ::J:-:tc, ~ r:quid crv~;tl!• panei 10-1 
Fi9. 11 i;;B.~~tn:;s .. tect~onvl~·~\-v1t.-n)ht">V-ifr::frth<:H.°iet2~H~- {f3) f~):· U$~"3· of Li t.B~u-t~) thn;t.~;f: a 1h:;~.:; Gt)nden~~Bf t::~ns 
~:d ;nt:;~rl·Ot St{t!CHJn~s ii thJ: ::quki Ci'ys:t~: p:~rK~l .. 2:1c:.. 1;?tt tc be rnodu!;:ttH1::i th$rein; H:~.~:·Ht~v r0::!chtn\3 to the: 
ct,rcfo19 t::) ~:: rnodHk~;3.t1nn i:)t th~ pn-;::;{~ni: l:rv~·nb.)n rn(.,.- phot(~:::.yntl":-r~~Jiin9 ~:r~s;ti 11 ~) ~n<;";ntioned ~~b-."}V€3 A.tttj. th~~ 
t:~')n~d abov~J.~ ~~g!-~ls .. U~t:: n[~ht ;ni•~ns.iry oi ,-vh~ch ~:-e r:-:odoi;:'.Jt~(l ln th:t)~~:2. 

J~'} l:qold cr;/sta: p~~n.•:j:s 1CH{f1}. 101:((1} and tQ·: t8) fcff thE.~ 
F:r;:.. ·i 2 ~:s: :i <::-os,s ·::)f~t:Uor: V~.':;1-.·vtnrsf·:o"..,Vin9 th-E: d:'S:t::il~) H:r~t~~ t3} ftff'.,d:2'irn~n!fat ~>oh:.,rs., re.spe·ctivt~;y, ~~xe ~;yntl1~·" 

of :tnt~:;:dcr ;3\~'~::ctures of tt,-:B ftf~t~~:..--s (,rys1~H p;::n~::~ ~c~- fl;•>sd t-y rt:eBns of the rhc,?osynthe~;:;:insi pti:3rr: ·; ·19 ~Y1~n· 

c~):n:j~nf~ to ::>tf~~r rnod~fk~Ht~t)n of frr£: .pr:·~sf::r:.t ~fi~h~fit~on t:Q:H~d $.t::.ovo;:: ~ and HJ<"".: fJ,.1rthet f?:xt~~nti~:-:ct tf~.rc,ti9h a pn:-:j~:c--
n-::t)t:orh1~ ab<JVe; t~on cp\k: ~ys:0::i ·: i7. \nct~aiin:fi ~3. projection ~~:·ns tber~~i::\ 

s.:.i ft.rr ~~x~::.rtlp~e~ theT~ty b~:~n9 p:~•~je:c:~d on ::-: :st.r•~~o :~c;t 
F~g, ": .;:t ~~3:2'~ :;(G!:~~-·❖·fCti(~n vl::"!\•\dt.•r'$h◊\"•,dil~fltH~ d~:t;d{~.. t)ht.,v~:n :tn tbe fl~J~Jrt:·., fnr (:f~~wnpie (s::~f~ :.:: f1't(f &t'tOV'>.1 in U::~ 

(':;t)f'dinq t~) h.::·t~1t--:.[· l:)!(;~r n)odil:c.;:Hk::;{ Ql ~~:e prt:.s0tit f00~6] .AJ~,J: a: rt;{erer:(~f~· nt_:;Y~$~·aj : 3·1 if:: th<:: D9ur~ d:t·~ 

~n·•/•~:·,ti~):'1 r-r-.~tk~.n~~,::j ~~b::-.:-i.i'!~: t~rrt1 pkJf;; :::: rQ<:-Hng fiiE unll. ln-::;k:::.Fng ~:l f«ri t~r~:j. a :·no~~;:' fc:t· 

-:;(? f-:)t=xtioft~~l!y fjrhitnq tf:srE.~-wf :..~hltin s.r~ \.ns{d•~· HH?.rt:·~)\ tot 
F;l[J. ·i .-t ~s· :-.=:. c:·:~;s3: .. ~~0tt:c-n v~e~~-f~JrBf':O"..-~·in~~ th~~ d:it<~il~~ e:<;3rnp!i~. ·~~-th~::'%1:"f ~ n <>Ols i<'l-::~ ~:x~r :s: ts-;k.~~n }ntt, :ht: h1)~is!n9 

oi :(:t~d.:)r ~;tnx:':\t..H'~~~ o{ tt~f? ~~qt::d <..~rys:~~l p::!n:.:::. t:C:--· th:·f:,u~1~ Gn =~~~( ~lK:;;:;)t! ~;pt:n}::f; l 34: \.Vhk:-!: i~: ·f,:.srrr:0~j ::--:: '&," 

::2.,: ~) .. ; .. ~< .... ·.._ .. r~, ~~:· .~., ... ; :.~ ._.-~-..:-,};;;.:n. :.-~. <-"'·•-~-~--·-.~·, .. ~~• \.\.;:· 
::t~:., 2) :~~=i~1: :'~id.i~-:.hDq :.it)t ·tJO .. ~~ ... ·h:~~!··: ':;,\'it:: b~" tY::·~:·1:lo:--:e<i 

tf:1:1 ~ttta,ch-::)d dn:r~,vfri:):S 6-:-~ ing ~:k:\~1n H'.t n:~~t;~d h;::J:::Je l~:_:·np \i~?·_ .:~.1)el1 ~~- ~ hi~/: i~-~-
:~--:in◊U.:3 light trE3Cfra?i.(·:n $•°;)lHCi~. bt:}n.9 ~3t °l'SS~J~ (hH~ to ~h~ 

re:2~s:on tJ :-:~,~at 9~:n~::rat~<.\n, ::~~?::~:::us,~ .of fi t.c:;n-t::~r:t•:~bh~ d~:·• 
:Tt;:~nd f~):· a ti~\·:'~ ~nt~:r:~~·H.-~:~ c,t ~th.i:·:1~n;:-nk:-n at-::e:~nn·:p:$n: .. /ng 
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~~t: o:..:t:::Icti3 tM:ooq~: ;:3n :~::- distJiE::"Qi~ ~)p~:n:ng ~ :1t\ ;,.~/nich 

h~ fortr::{j~J '::·~.:~pan t,f th,-~ h<:t:s:'n~1 ··: OD. 
ro02lj t~n~l. ~'-1·~t~·•\n eactl ot hh~ liqt~k{ Gtysti;~; p~:}~~~s "i t\1 
(F~). i O~ ~G) -~snd -~o i {B) tot t~,~ thri:i~ {~~) fi:.:.ndarr~entB:3 

c~:.l\XS: r.1, t~ :::tnd ~-~ti;~:'"~·~:~ fDr:ned ~ pr::~:s~~i:·~ to: H nqul1:i 
cO-tti;~n: .. n:!~:p~}c·r\:..if:ly~ ~itiv:nJ9!}. U>~:~ \i:t!~~~;:~.= ti 1-./v.~·1:..::.:t v,.;::: 
b~~ ff!f::A•i:..'.,:~~~d t~fr~3r, :.~::r1 ,:.:1 ~~qt::d c:.o<)l(!:~t b drc~_i,:~1ed by 
the ft:n·1~i:o::; vt <~;~ ~~:j:~::.Y:)t:::cth.t~:3 pu:np 1 ~'.:l h~~vh-::·;~ ;:: ~:;:::1k. 

]n .. a f.)~3~ th<:~r:3,:{ -~vh~cJ: is pti:>' .. (di~d it: ;:~n hs:d"::'! t>f tht: 

:~b~)V::~. a::.; iB ::-~d\~:t:::<~ bV H~kJ, t~l:-K:k eint)i,~s i:~ ihe f\f,Jt;::! ., 
t~n·t;:;.:9h p·ip.:::s pr(.::..~laad ~~r-~:~1:1d v,.:i~h::~:: th-E: ho:.g~if:~:1, ·:r1 ihB 

ortie(. t)~ .. i:f:?~ l~qi~:d c:"y~"t~~l p;~ni~~t ·1D-~ (R); l0-1{(;} ~~nd 

1ni {8} fr~r fl~(;- Bntf f3. tf:~~ ~~~.:~c:t;-t')F~or;: ... ~: p:~~tf;p ·i:::rt. ii~~~J 

[00~8j Nir~t ~n FiffB. ·i {a) ~~nd ~ Cb) Rtt::!f°:~H~tj t~~~n~~}llth 

axe s~~ca:wn the ·i;qli-id cr1{si~~ p2~~~~t:; 1 D HTi\ i (n {(~) 8.nd 
·101 {B) for b1. ::._~; and B~ in p.2::·tc::ut~r~ ths dti;.~ilt; i)3 :ntt1r~G( 

-·~f:o~v~n~.;: UH:! cn)~=t•-~ec~~un v~.:~v .. ~ r,f the {lqt.::a' civst~~ pon• 
els iGi~ 8 rt-t~~ti·~:-:c~~ fH.:n:•tffS! ? <tep1ct2 .::) TFT 3-l~b~.tn~H>~ 

n1~-Kif2. ti£~ g~~~s, fo: ~~>>~ffr~pk:~ \.:n the surt~:-::0 o'f \.•Vhi{,)~ -a 

l<ifff?. nurnbi:~r of t:.&r:$:Zt!)r drh:::~t ~~k~n:tff•:tt &:'12": tnrr:;,tti, 

t;::I pHn~l i O 1 ~ \•"..'f:iM ;:u~ ?>ppn::3 :tti ~.ub~.t:-at~J -~ at.Si:) n:~3de 
r)t 9h:"..s~s i~; di~:po::.:~z:l cpp;)S~nfJ te: that 1lquid cr,tst::rl f)::in\~~ 
10i: an~:t ;~ t:,quki(systai Sis ::;re.~,\~ti D:- endo.Bt:d bi~t'.:'V!:l:~n 

ttK~~~e tr::~n~.pan~n: fUb~;trnti~"s ;2 ar}c: ·1: !h~:rtt)y buik~i-n~J 

(~1} f;..:nd~n:*~r~:t:2~~ cr.-tor~}., Ft G =~n~1 £-3. 
fno2~1J /\is·o .. n~ft2tt!nte nun~>':it~i~$ 4 :Snt~ f; /1 i:hn t~jute 
fire ~J-:-·-::::H~h~dtt;e p:ctecx:on n~ss~~t~B,.~u3d tho-s~ Pt't>t1-;ct~◊n 
9~;~$$,;~~:· aff?. prc~•,lo:··ldE~d on ~ n1)h~ ~::cl:'if:f1t s~fi<:~ and ~s :\1ht 

th:::-:n ~3.ri~ ·frJ:Y:~~ci no~~ cn:2!·n:~::f!s 6 ~;:nd 7 h:2:.'-··.infj h\Jh r·e., 
-;Si:$t~~r:c.:~ fv: th~:: :Iqu~d }~◊c~,i~~nt, :=:hln'1)t:n<·Hn9tf:~~ p~~riphi'~ry 
t,,f H:~ c_;pp::,fi;;~te :~ub.stn::.tt3: 1 ( tt1e Tf.-T $i .. ~l:.')S!\1~U: 2 :2~nd H·t~ 

Pf:")t1;::.:-:::ti:."H1 9~~t~'$ p~2tt(s:$ 4 &tK"'{ 6,: ·uie:-0 i$ i~ttw·i~{3<.i ::~ {',23S·:.:1 

t•✓;:..; and bnttofi•~ therf:t>J :::r::; ~~:.sc~ Jvt.f~ .. :~3dtt>>'~ fk":.•}'VGh::~nn:.?.-L.$.= 
Fi and 7 Gf fjj9t~ r)1·::.~s.t.:~.r':c~--: fc~r- 1h$ Hquki C(-:~):f3S':t~ r~~~\:h~ 

Oo:--}:;~3 t~:> "~i:!Cf:. ~~ih~~:--.,. C•.>nt~:·"-~~c:;u•~t:y, fr~ ~3 ~~1~i-·n}:..::., n·~~~rff~~~~",. 
.;:~Vi(i h~f\./(ng ~\•·in'th J~ctff(f: t('! U:;~t ·ct th(: H~:-~..Q,.,' :'~h~ffHi:'.~l Hi~~:r•:,. 

fcj:';:~~d <~bc:· .. ..-:~.{i:.e. In U:~3 ~E~di~XH~':,l d:itE~cti.:.:·:·n ~n f--'h]. ·~ {bn 
bnd, ~~tU·;e u~4r-::~r gd~J~ :-.:-::.~rtk::~ ~~t::ti ·th~~ t~;v:.-·:·?.:··~~:i9i~ ;)orfor: 

t:)ntd. ~~bo\:·~~. ·<)ij bot}·: ~~idt~ ;~urfa,::.-:<:")f cf U)4:;:- p;~rh11. hx~Jud~ 

:n9 tr: ~~n3a f)r tBf{Dr1; v:.1here tne ~3bC\{t\•rn~-;ntonBd !iquhi 
c:\{sf,:f! -~ e i is tonY:f;-d (h<:~re~ n~tt~r: t:'i(:ln~; c~lhe:d t~y ·~;:~ ::q:j~{ 
r:yt:t~3; ~:-antif 8re;~ ~•)t r-:::~;~Gn/' th-::.,ri:l:;. the f1$: Hc-:;,.1-,. .. c~:;3.:-·:· 

:.~:· .. t~:~h~,.~~~:··i th•e :·>?pot:\:'.':~ ~;: .. :t:;st:·~~{~ ·: <:~r:(1: f:;,:~ r:·::c~;:'-'.:~c:}.:>=·: 
(~•.:::3{~'.: ~~ ~~.r:(i i~:-ef:.:•/~:r:n ~:h:::: Tr::·r i;:~:bs:~·~~i.;2:? ·~~:-::.-.j ·t:~,:~ 

(~_:;i .. th<:~ ri~::ght in directk~tt pe:~tpi:-ndkul:.:H t:::: t~e paper 

su:-f:.::.ce· of ~':.'~g. 1 {t~)}. Fu~n~~~r~ :J:,n..-9t~ :v)t st:•:)v . ..-n ~n ~h.e 
nf)t::·~~ r:er~:n. but t,r~ ~~~~= ::ght inc:!d~~nt Sid<~ s;.t:'1·:::~~:;: a:p~~i 

tf~:£:· Hf~ht ~~i'n'.SS.k: n ~~l•J:c::1 ~L:-M.:::::.::~ ot th~:- r:-n.}t~c-no~~: fj:~;3.s~; 
p:~1{.s·s .,!i ~~:--:d !:; ;;~rt-~ forrni~:.} pc~B:-:ztr~{':i i:h-r;s, :e.sptctlvE::y·_ 

{)f ~h:2: Eq:tJ:ki (:,:(:o)~:lri! ]::~: th~: ~t .. )\'\'' .:.::~:.~:)n~:~1~;•~ :.-vf~ich :are 
fr.::n·fi~:d v~·::th:n f~n ::~t:.i~.Jt~ c:-f th~: Equ:(~ (,:)·I;i:::t P!~t::t~; ·1-0-1, 
~~~'t!l-:: :i:'i. ft~d (.:f s~t:-0)\''S. A~s.e. t·~:-h~r:t:2:nc1::: n:~~rn~:-~:.:s ·1 (~~ ·:. :3~ 

dti:'ie:y ·n.fr:H~t: fc:· tht liquir:i ;__;t~ol:?:nt i:B:c.~> bt~int1 ::~tt~.-.::hf·d 
~~rnund a (;~=-·r:trt/ pc~rtio:~ tf lhf:. bc:•x ~W·=.:~ ~-r~i:2:-rr:b~~Jtf;: ·to ::~:r~d 

·1 :. (ktv~~E:-r') ~i~--:d fl :.:.~::d i B (Upp:2:!"}. t·t~~~pt~cr.h,'E:~y·. \.-...•hi:()f~ ~:0 

t,.1t·(~VkJs·t§ ~\t::t· buh~):.:-1q :Up fr:•t~ t.~:..:fff~r char::~~01& rr>:::;::]c.:-:~~d 

j:~ fi~pr,-~~::.:~n!.:c:~d t.:)l ::~ t,~fr~:'en~ .. :~ n~xn~~tRl• ;\'l lr~ tr:::: fiff.tn~. 
to:' ~xarnp1:f:·, ~l~p:cti~ ~~•:l·Ca~:~f.i• ~·ct r~f:9S .. '"..:"-/l"1ieh f~t:::: ~n .. -
f:~~:•i~~d b$\\.Ve~n th0 tnt::r::b~:-:g n~~~nt1on,::d ab◊~.:-"1;. for het··'" 
:~·H::-t~ca}ty St::-<~}1n~J op be!~~een ~.he)·:w.:;hen ::1:$.~-e:-riblii)t] 

t~H~.:~::-et:l(~.lk(~ fh)V .. •'(;,f thu J:iQuidCDGlant ::n ~he i:q:-:hjc:vst~:'.J 
pfc:}&t1;:>t~ ,:::.ct~:::·1i~nfJ to JhB· pt6~~ent ~nv~:-ntioi:_, tnc·h.H:tn~J 
H1:~ :·e~.p~CfiV~ i:qui?l ccyt:t~: p;~n~t'.:;; ·101 ~:-~ ;::;p:3.t! ttE~c·i~oi_ 

by r:3i'(:rf].nf} to ~-:\1. ?. H•.;1::ve,,.er. hert:i:n ~hi; iD-:pl<~na~:on 
\.~:-f~~.'$ (rtf~r1~ ~hat tr:~-~ hq:.J~d c:yst<~l p::~;-:eis 1fYi (F~\ ·lG1 (C~} 
;:1:rF) 107 (H) fi)r Ft C:~ antl B t:tH-~ connt:Gtea 1n s~r;~s wf~hin 

tc, be c~n-~utat~~d th:·::J:U(~h tt':::3 rB...:·frato:· : 8-C k;-: tn..:i:din9 up 
th~ h(:1$.t ;-t;~cft~t:on p-,:x~~on t~~f:t~t.{ th.:>. ~3ccordin~~: to th~ 
pr~~;ent invenHo:\ il .st-:r!-;_j~j not b~ re~Jri~ted c~\n\~ t~; U::rL 
;:·:nd ir.:ost~ HqLi1t~ cr-ysta!: pBn~:~B 1:c::::(H}.. 1:)~ ~(1) Hnd ~(}1 

-.::·aoikig cyclt: n1::3r-Hi'~):·-:ed at:,,::ve. ""P:~'3;\ ~n this Lg:tHt:~ .. th~~ 

!3Xp!anaf{:.n ll"VHi b€: rn.~j,:;: on~y b)'· :;..1.kfa~f1 qwt (Jn~~ {. 1 f of 
H'1QSt:, n~r::::·-=~ (:J.) ~<'ind$ the::-~:~)L : .. e:., to b~: ~~ ~:;"ingh;:: iiqu~d 
c:yBta~ p:~:~,s-t ·:D·t 

r•ctrH::} : n 1 _. h~~at~~J ·tJp.cn t'~ie~:~pt ot HH~ t\:+ht~~ fton: n1,"?: ::~nht 
it:-¢tt1::~tit.-1.r:_ s.f::,~~r~.>0 : ·12. b~~n.9-:?:trcng 1:n H~0- ::·~:;~{i:..::hyt:°f-e:·~,. 

c-J. tt:.,:;:, Uq'..:~d •.>(-,;Qt8nt lnct•::~~t~~~d 1n t~~rnp~:·.:::th.:re th~3-:.Y~c{ k, 
d~&t~~;:::r9f:d frnrn th8 bt:ff;~t f)O\:V t:h:~nn:~:iI; 1(~ :an{j ·~ 11 t::.-

,;,,, b~~· :::,tr:,/er1 by !ht: pu:-r1p 1 ~~:~\ ~~nd :t pr:~::~~~~~· U1:·n~.:Qh thi~ 
n:~~i~:~:t~;t -100. it~ t~:~~.i: tn:;tH:x~~:. ;:"ff? ?":~2:~~t is :'.:ii:~.;;::hqr~it:~-J· ~f:t.c~ 
.;::. ~ : .. ,J,.:.kL, : : ~,2:, .. .::~. :~ ,~-· b-.::.: ,.:._J,:)~ ... :.,J <~v,-:;,, .. .:. :~,~ ~·: ){:.n .. ; .... ·••.-:• .. :.) 
~--~2:ci~t1t {k;~~-.s: ~r::,> t:·::.~ b~ifr~.-r f:.:..:~~- ch::\r:nf:!s : ? i~nc:: ·i .f\ 
~~-nakL ....,vh~.:::r: ~x$ ~~.t'tff)'':~3,~ ot) b~~~h :h~· top ~u-1d tott:::rn 

tht~ ~:(fJ°id (~iv~~t:::l p:3nei 1 Ct n·it::nt:c::e<.i ::tb<)\iB. Ther~~::~ne:·) 
tt)-:~ P:q:J!d co~it~i'.:t ,:--lh.h'tn tt·:fj t~:..:H~r flow· c,\;r~nn~~:.s ·t? En~j 

·1 H pa~.~;:~::-~~ 1hr~->~~9~1. -.,:•/ttnitt H!t": C£3S:f: : 4 rn.i~nt:c.:ned ~~bc,,~-2: 

SEC et al. v. MRI 
SEC Exhibit 1022.3338 
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~ 0 ;~x:d i i, \ .. ,fhk:!: ,::tr,~ fc:·-:·nf:d c:P thi~ h>\-Sl:::r i:•dt}e p,Jttion 
(:f th~~ ~~}:=.s;t: ~ 4 ,.:\r:d. u:.e Hqu:d r~ot1 ~B.fit r$~.::e:vt~3 UH~ hieB.t 
tro:·n H~ .. 2,: Equ:;J cryst£d par:.:e} ·H]1 tnai :~; .h~::31~:d. t)V th:::~ 
~~rt~ts t:1 ::1ifJh ~nt:?.n~:tt:l frotn ~h~i ·:\~!~t :~ot~rcf= :"':1:-zr:tk~nt~ti 
i.~bo·"'.·{~. \)"}t'::£3tt it p:::.s~:es !h:··~)uqh th.':} t"Wt HOi.~ c:h::~nrt~l~~ (t 

~ind 7 !)f ht~/~ r~:).~):3t~~nct. h~h.1 in9 lh{:: th:ckn,-;,.~:;S; "\~'\ in p~u-

h~r. !1 ,-:~:·cul<i~*~= V-i~!h~n thi~ e:l(:if; :n~:-nt:c.:nfr:j ;:~t,,;;v:;: br n~i~ 
kin<~t~vn uf H·;·~:?. p.:-..::rnp -~ ?~1 :~':~~nhfJ!":ii~j <~bt/-.1i~.- 09~::n 

::~1: ... :~d. -C!)t•1nnt t:._:,<p-~~t:dt~ ~tll◊ th-t ~1xi~5ttl dkq<..:~~o•n {:.t ... h~Ul:·~ 
hc•r::t('H~t;2:l dir,:~<::ti{:•n ~n ~:\3- ·~ ~~))). tz; L-:~i 9:·-:2:,::.tly r::::d;;.K.~:-t~ ~:--: 

th~~:"::·::\;'"::' vi:~·;oc:Hy tt;~.:"f~{>f: \:i,i;~hin Hv.::: t)~.:f},Jr HO'.-V ::>h;:;~nn-t::-~t.;c 

::·~ ~h~ .:2-hx:i:~ i~ f :o\•\.: t8l 1~ (L {?;. > thti no~,, '-"'~·~:<-~f~i~V) r~f 1h:::: :iiqt: :d 
G0()l~H1t __ fl(~':i\.1;:~[~ v,;[th:n tf·g3 E:3t ft:')\.\/ Gfi9:::"~i:3hs f; ~nd] r~t 

:~~9f1 r,JsJ~.tsnc.~~ h~1\hnq t~~t= thick.nHss :-d".. ~~·hict: :2:te 

i'()l"ff~ed In i:"H:! liq;.::d cr~.?ttal pi;nt~I ;:M-i~<:~ fs pr(~p(-:dl{J(}~~; ~o 

l;:;~St}i~~\:'::3-Z.n !(H~ upp.?~t· t,uffer no\•"..-' 1,._·-J~~Sfff~<:~t ::~nd tf}~~ ·:ot:)i~n" 

bt:fte:- tiv~11 {~h::H1:·~e~, Hh·~ti~1ot% ·th~: ED'N .._...,~~o-::-.itf it-tith\n th~~ 
t:o!-<V chann~:ls 6 and J of t;i9t: tf?S~s:arlc~ co:·n:2:_s ~<) bf! 
tonsu~rH if 1fli~ tr:1--:knH;)~; (,d" ct th~ h~gh r<:1s\·tH?..~:c~ f~Gv,.1 

fDt):!4j :r: ~:':~. ::1::~pr:~•:, \.-V:~n fl~ch ~:nucil~t~~s t)t n~~ {:<:,V--I 

ch:cinn~?\s rn0nt1<)n~~:.."i ~:tt:cve~ lt :~: p(.,-ss:t·lt! tt~ prevf:nt tn•2: 
i;q(~[fj cc:-oh:int'fr0r:19&n.f.:::rat:::-·:~1 t~-:Jdy andlo:- (:irif1ing wl:h:n 

::t:'"1~a) anti ~.qu&lt?f~t:~~n (.:...~ r, rr:~~~;;::9 wnffor:n} tf1t~r-s<>t .· _t~;so~ 
for tha~ re~~~~(:::, -i~~;~r~·~ .:~:- no chanc:~ of gener~~!ir:t.! (frH~?.r~ 

tfftd u-~~r:::~fof'0 .. r:t> d:st;~bwt1<:•n t::~- c:-i:~~te,__~j l;: {e:niJ~t'0,HJrt: 

~Jn the su~it:{:-13: i'.)t1h~ Hq,::d ,:::1-'~t~3,.f p:..~:f"':,;~L: t~~rn::-1 difh~ri:~r-:c:;; 
~n t:":~1 i\1t:·~~ctiv~ frKi<:~~ bf~Ct~ix~~! o·~ t:·::$.t, r .. ··~2,.:- fr-_t:: H~&~x.~·.i\ 

~:;3 H1>~ f~ut::tu~~ti0r~~ ti¢.} ~H-:d th:2::r-Etb~l<~f1ab1::F~ ?.?.n ~n1pn.::vt:-. 
1"":"·:~::1t ·:n the qus~Hiy -c:•f !h~: pk.-:tt>r~-- \rl a-:Jditk~n th~1ti::'to~ ~.-v:tt; 
tuc:;\ H\~ f\.~:",\•V :::htH{f~G'i $=Ht,.tt_"'.:)~Jf{$~ at; f:1f:t'"H]Qn~~i :~b~JV,'.:\, 

ch8.nr:~is i 'land ·:f~ (t:;.:\)f::·) $nd ·-:o :~:nij: ·~ \k)iNt:{} ?~rt: 
Pff)V:ded. :{::~f~~:Ct)\~{::::,/. on boH: f;idt!:~~ 6t n~~ iiO~t fl.:j"'..•\ ... 

(J~:~nn~)t· (:-t h·:~~h t·t:s~st~H~CE .. h~:v\1tfJ !h~~ th:<:kf::-~ss , .. er-· 

i-r~{:nfo:>n~d ~t'.•t}\t~~- ~:.n . (:3t h~:;p ·$.nd :bot~on-: ~J:~.~·:\:.:)f in H1~~ 

[Ot136j :::: :~~6ct~t1on !(} tht2 ~~be)~•·•:~~ ;~~; ~~1~~ fiqu~d Cfr·.;i~~rn 

f~(>~~lin9 ~n ~ach ~:tf ;.h(: f:nv•.:' !)!1~~-nne\'.s. rnt::nl~orrt:~j :1~:c:i..~~ 
\.°'..fH'":: b~~ <~~>pl:li~d. fDr t:->:a;:··:,~--:.t,e~ :c~ "'~\ .. ~H~: r tn~~<in9 :::n .antif:-e)J:.?. .. 
tng. i~1,::.i,~tt~:::-L ~o~h $.'.~: ~t~~ytE~nf3 9:rc~)J ar~d/o:· p{ory\;~:ne 
q:y-Got~ for t:.>:a.ff1pi~::. in ::i p;:!:~ t:1,~:,~t:{ (.,;~ ~~h.::}:n~Hlv~~:~:/-- an 
in~~'.Jttv~ hf.::d oi fi~~n:r::r:.~3 {p,:~:···(:·~;::~.:::·\-::c:~Bt~~;:·~}. ;~t:·-.::t~ a~;: 

H~10:-Jn::tte {H~~ fr{1tfr~· n:~~~:i< ot ~;~.:•rr:itc::-'nc.,<3f·:-1 ;-::(:n~p~;~~y') 

tepri:•;~,~rnat:~•~~·\·\ ior ?3-x:nn:p~i:~: b~~in9 '.$~lpt°'}dor in H;ji:t pi:~r-

J:-~~ ... ";1:::.~ }:1sul23t~ng prcp<~:ny, ~.:::.::, "'""'~"'}lL :r: :-.~23~1:::;uh~~~ ( \/,:)th c)p· 
;J·ik«tb:t {)f thi~· tf~~~}:"d G()~i;::.::--:: o-t tht: k~~tt~~;,·: H li-:: p(~t.;~3h)lf: to 

prot8~.)t H-.0 pn.:f?.-ch:-:,n pictu;:~~ fr~-"trn d~~i:f~r:(:::?lti~):{ <)~· ('tt~Q--­

n.::d~Hio::: U1{::r~::·i,. ds.n~:- K-: :Ttt>:·i::f} of bubb1~~s ::!:~.o lh\:~ Uq::.:~d 

L~t pnr:~:f artr::. n·:r~::~~:~:~e(i f~b~),n\ t~ffe:,•cfr·,i:.::~:y, }\i:~(·t; :-n p~-=:.:­
{k:~~;,;l:·. upnn tlH~· sUdftC~:3 c;f the v;~:to-u:~ _:~ut:stra.tt~~:;, bu\j~j • 

:n·J up- th~ ~!:;:t :2:rH.l l'ii~Jl·i·r:t::·~~;:')tanc.e HO\'\-' c:tH:t~:r~(:it~ i3. :'l:~rj 

"'/ ~:~t-ik:g: tht~: thlcknt)$:S "'tt. ~;>~~IH:in tht~· Fqc.id ::::tysta) p~~~n~~l 

h~l~):·DphH::c n~~t~::-~3 c,)· p:-c)pi:•rty tfH~r:::~:of~ ~:u·~~h ;3.s~ co~~fn{J 
tJ c: t~'-1n 1\frr~ c/ Ht<Hl oxldE'=: 1(~r t:x::~n-::p}t: _ \V~th t~~~s. dtJe to 
the f:Jncgo:-c of p::otocf~iyt:c:· n~~~c;1.::)rl of 1:--:e titr!n fJXide ~"~i!h 
ti"i:•? rightt j;-orr: th~ 1anip :-n<~fB!on~~(J ::!t;ovt~. ~he ~t-lB.:: s.ur-

f0:037] Furtt:~~:-. :t i~; p:~terabit~ t~~i:}t fr~f: tfan flt:t¥V ch:c~.n .. 
ne:~;: 6 ~~nd '"/ ~)f r:in11 ~~esl;~tanc~~ be dt"'}ti:•rn1:ne(i ::!t:(~li~ frotn 

~n~j ~h::i! tl':f:": to\:\: vel<Jc.-:ty of H1e. Hqu~d c:o(·i~ant v: .. ,·i!hir~ an 
t:-H")\dt: ·u·1~·3:·:eof b$ G(~:Brn·t~n•8<~~ s.c, tnat tt Cornes; up t:c~ b$ 
~~quai t~J)(::.~.A ~ ~) t~n7i~~ of ;::_r:. t~-V*H~ge:::i t:(;\¾'' v<:~~o~_~it'-l \~•nr~t-1 
u:.~ t:wtfer novf chc!nn~:~z; l? ~~nd 1 g (upp-.'2:n .:~r:~J i o ::::nd 

[0038} t\.j:~~.} in th~~· <:~:·nbn,:f:yI-.~t:t ;-ri~t:t~c:ned 8.bl)-...:'f::~ ~=~~ 

p~ttn~::tion V-l(H'::- n1ad~ trw:t ti::~ f\a,t t·)l9t~:-·~~:~sist~~!:<:'f~ n~~v-f 
c::,~:·\n~i~ 6 2r;d I> \"<'htct1 ~re fG:rnt!;i t)n lxJ:H\ s):j::~B {f:.g., 

th-::-: \iqht in~~d{~·nt sk~~~ anti th:1 hftht ~:n·is;~~.}-:)~ ~~i<:1:t:._j ~)f t.ht~ 

t.h~~~KnEss ''<f l:h(:'.rt::-:.:t. Ht)~V~v~:r, H: h~ I::.ls.r:- p◊::?:~. ~tj.;s !(> n::2~k~~ 
th€~ tt~kkr~i::~-:3 <-tr (iHt~r~~r:t frf;:-r:. ·t~~ct1 oi:·H.:.:\ ·~h.:::-r~~by to 
chan;1~ th~· f:o\.v '-'·t~k~f:-~ty {!-1.g,. ti·:¼· flew r~3tt3) (J w~~- Hq~~j,:j 
f).C>nl;~rn \-'/~th:n ~~n ~n ·~kl~~ ·u~~!';~~::-·:.f, fn.:- ~·:x'~~tr:•P~B-:, ir~ 23 C<!•:·-::~:'.: 

f~~(..~~ ti th~- :iqEJi;J c:y$t~~i ~--£::f:~~j 1: ()': )~; lctg<:::: ~ri~n U:~i: (>0 
the t~9tn ::~tni8~k:,n ~.":df· .. ~~ic:. 
[tRt~H1 .1\s ~""la:~ n--=~-:ni:c~t:<Nj 23:).(f~/;2:. ~\d~t) r·~e h\1!) a:'sd (.:n~-· 

fr>t:Tt ~,.:8i<:-c\~y ~;f !hf~ :.::-.c,o}?!rt t~=,;~v~r:9 H::..:}uqti tn~ ;iq~jfd c:is • 

to c,bt~~~nE:. q1.>Cd C•i" prt:~fB:~ab1(: picture quakt:l, ·~~Jth\)Ut g{:~n .. 
erat;n~~ lh~ fluGtu;::.t{(:,r'(~: etc,_. 1.:in H:B :2-':ict:..t~~ 0b~1:df:~:-.d 
tf~~~:~~f:·crr~; Hn(i ~~~£:~) b~;\\dlng ~p !hf? Hqu::r) C{XJl]ng ~~iBl•~r-n 

: ·:·, ... :- :·: ... _~ ._,:,: ...... y ;~;-..:~; ~--, .,;_; ~::...-: ,). ~ "••,,,.,,,.,, ,•,,.·' ,.: : .•\.·: : ,. ~-: .. ::,~ :_<.s.; '•· ~ \ .,: .. o; 
:~:--::,::.,.-;~:: ~ ~>: ~::::•:) ::~~-:: :i(~}j::: 
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EP ·1762892 A1 

~::i:Jct:G;; v:<ttW the:-::-;of. Ho .... \!.ff:J1~f, :n: th~s V~!:~\;?ttior:~ .:.,::t~; :~. ~~p, 
p::~:1~n~ frc.-~·n lht= hQ:..i(~: th~J {~~-:x:::~uy 1k:\•V f~hB.~'1n~~l /,0 ot-­
/·1 of Lo~v rt:t~~Bt~~nc:B• B-ho~~·n ~n ~-~-lf?,:::. t~{ ;~} t,:) ti{t~) ~s. r:--:z::.;dH:e,:J 

:ntn ;:~n fau>:t:i~ffVf~O\·'~ -cJiB,n~{~:1 /;; (or'l·~ ): v..:hk.:··: L:; rt~Gt~:in ... 

~;ut~~r ln &n ..:-~~]~~:r s:.-:1ap,~ the:-:2:oi. Bun-(,;:,.~c\dino ttH$ p~"';rip:1-

\Vhic~; i$ k')fff~~3d (:c.-n·dsr:cn:J:n9 t,) W;.e eH-::::t::fr ... ·-.:::: p~:x-t::-! 
rt:gi,)r: \i:o~. ~ rht: :': (fl~d c:-ry~:t~l p:1:---:i~~ ff:·~::~} (~f ;he f:q~_~tti t=~,-~: • 
ttd §)f~r;d, •,..-~th <~ ::..~r;~t.c-n·r: }.;\·idt:1. Ht:·~~·1~\.'f::'. '.,\?lth tf+~ "ar::f:: · 

:he f:igh-r(:~;::.:~t-:~nt;{; ':}·J1;.~· (;h~H~nt:~l t\ un1k~n-n:y-_ ~rt,n~ tf:e 
~~~·~r':~>hery th~::,r::~ : . ...,.:\ 1ti ~hi:;:. t~h~::-:·t: n~-:1:~;~t3· t(:• tt~ t :::~>::-~v;:~, t:nti 

~~!so t~l:~c~~ h r;-r~f:~js nc,• :~ut:~ ,;~!t:,-;. r:·)£1:fi~i{"m>~d s.:~,t.~(1',,,..-E~ .. \t ~:E; 

r-:.' an~j !h~~ pr-otfK:.t!on gia3.s p:at{~ t~: f~nd bi:-:lr:g e-~:J<~: l:n 
tl::.c~;nes:~ ~:ct (i.t~ ; !ht~ ht-::\1~11 fr: .:f:ectL:>r: pe;rp'.:~t::3i(~:.::~.r 
to tht~ ~ .. 1::~pi~)· s:.H"t:::Ge of F:t;:. 8{b}}- ~:,urt:·::~r. t::c,:Jfin not 
fh(:~~'n. ~n tl:B t:~;;ui'e t1~~t&1.r\ o~~; \)n t~1t: ~if~ht hcid~~:-n s::d?~ 

:s :;u:t:~~c,~ Hn-..i th() ~\9t1t t~nfr$'ti~t-n tidi;::. s .... ::~~a:~.~~~ (:f H1{} protf<> 
tic:n 9i:-~f~~ ph::.tH!3 4 ,:~n-:J !\ ;~r0 fofn::c:-:1 p:-)~~1:·:-2.~f·:9 f:tn;.$, r~:'c 

r:::pp~~rer~t: fr•.)rn F\1. ~l(f(~: fr~::~~·::; ~::_:-;:~ tnr::-tced ~~~c~i..·V ,;_~~··:23:t1n~;it 

S s:xi 9 (J:: .. ~~v.::~t') ~~nd 1 !':~ ~~nd -~ t~ { :.:pp\~·f) ~n ;:'( :~::t. h•.\:~ tt:.~~n(;i:~:-~ 

f)):t\.1Jng Hlkkf:f3:$$. /,·~·r· $:f'l~~~i:~r th~!n ~ft$ thkk/::e~;~~ 1-cr:· ,_::f 't~F.:! 

dkf:<·:t~t~r~ h;, F:s; ~:;_ \t))) bf~int~ ff~.i~·ii~ t.o th~:::c"t ::At-hf:: no~~~c~~;:tt!· 
nt:iB :YlB:~~:t~ont::fJ ~~t~c"/i~ .. :-~~Sl?(~clhl{:=-~~-'- F~i:~tt);~t, :::: e·f'::i :::.~:r• 
t::~C{:}i~ ~~f tht~ tr~p :?ff~a b:0H~)::10d9t: po:t:():1~~ O•f the (:2t~:•~:;! 14 
;;3re ;:tH;::.cJ;~·~::J t~;0 bc:<-lik:t: rne~;:t:~c· : 0 ::~r:d l 1 (k=-v~1er) ;::,r:,-.) 

f.UfJ47J Ne¥,t: ~~xp!.:~n~t:Gn ~\1W bl'~ rn;:~i:h~ Dn r:~~; ·~::-:)t-~x~- 2~.: l'l :2,nd 18 (t:.PP~~:"} h.)t forn~::19 thE: b~.~H~:r ff<)\.-:.:: cf:ann"~is. 
irnent ~?: <~z..;c(~rdlnfj K) thf~ pn~st:n~ ttiV>~ru;ori .' b9 r{~t~rr:n.9 
to ·~}:·a1..;.,,ltr.os r:(tiB.·t.h~d M~f6\~ith, f':Gwev~:-. in ~hft: 
~~tnb::~~::~n-i.ent:;::( thi~ t.uns:t't'tt~ent ::~.l1$n-;1:3nr3 c'"xntnon tD 
frK}~.e., t,vhk>h ar::::. ~ihJttrat~d h~ !hi~ H~x:~~·~~ ,t::·n.,:l·X}d~n:ent -: ~ 

f004SJ ~·:9 .. ~_. B{:::.) and l':;{t~} :~h:){,.l.J U1}~ <ti:•t&:ll?~j i::t:&'dC:::' 

~~tr:J~-~H.ff\~~; Bl t~:i•j ::q :):ci r.:vs.t~s·: p:2::Hz~ i C: { : repreS€:nt~~ti'v'8, 
~Y. D:1t':Ofth◊S~_! ::qdi.:j(~r}'~;t~~\p~~ne:~: ~:ai(H}. iGj'(("::) ;:i.n~j 

B(::!) sJ~ow•ir191J~~~ (.f0~$--·S~Ction ~)tt~~e hquid cfyst-a:: panf:1 
l O ~ .. a ref 12':(,~tic~ nwtne :-~~} z ~j~:pi~:!s a TT---:T ~;·~A"}.s:trBti~ ;-n;~tl{~ 
of a ~,;t~:.~~i~. tct ~~=G~:np~.::~ .. on th-e st:r~.ac,.~ .c:;1· .... -vnte;h ~~ h8~·f.p~ 
nuF~b:::-:· of trHnB.ist.or diiver ,~~tn'":t:nt:s ~:-,~~ t,:;;:rn~'d. ttuHdh:•g 

-io1 1 \'\-·h\~{::' ~n oppo~~ue ~::ub8t-:;:~t:::=] <BI;,) :-nadi::': t~t ttl9'ss.~~: 
dts.Pt:•Bed t,ppt"s.sk·:G tn ~hri! !iq~~\~j <::ryst:~l parff~l ·i O:. and 

8 Lkp..:i:~J cr/~-t~~ ;3 L:~ $.:::;:.~~;i~d or ~~nc:-c~~~i~c'! bfJt~·1/f;{~fi th::.:~B 

t:~r\~p~u~nt ~~Gb~t:'fH~~~~ ~? Hnci ·1: ttH~f~·::by buHd;::f:: up t)n:~ 

:-:-~:E~1~t~:::,:nf:(3 ~~bf3\{t:~ :~):": .b~>~h ~.tde $\Jd,;3:ces n~~ H:~ p::H:~~i. 

~f:Gh);'.;:n9 an tH":ei~ t•r r~gion ~/.:t~e:-::3 U:& ::ib:.Y~~~~-:n::~nllt~;\-:::•i 
hq:...:':d c:y~: t:?J 1 f} i is k1:n::~d (ht:r:~~fi~~i"t•:?r btin~~ caH~!c: by 

H1-2:r•~:n. re~~pt:cHvelt F\Htt:~-~·:·~ k: th~~: F"trf B{b)~ the ik.1\~i~~ 

oi' th{~ hq~.;td c-DQt:?~nt ~rt: sho>.:\::"1 tiy ~~ff(;,',:"":B, \.~·:th}r~ th~~ ·fk;~~· 
::)f:2~;:n,?:t~: ~offned 1:ivtth~n ~~n }nfldt~ Gf tht: ~~q: .. ::ci C!J'St2)t p::n~ • 

td iOi. A:fi(J. f~ffHtf.?.nGH nut?~{:r:::tt~ :;( ·:<$.. ·:~1 :::n(t ~':O ::n 

~•)r tf·H~ Hq~.tid ~:.)t}Oh$}:t, t!<~::;:-~ b0fn9 ;;3:i.::~ch~=~j ::~N)un:J ~. (:t:n~ 
tn::.: pn~tbn ~:f the fjD:<:.H}-:e :··ns$::~bt:rs. 10 8nd: i ·i {i(:\.V~~·r) 
and 1 ·:t ;~E~:t: 8 {upp0r) .. c,~:£;:pecti\:%\..-\ \vh:-eh fi(f} ~)Tovldt~~-.) 
ft~r bu;:crtn9 up tf:.~~ bu1·fer c~HltH1ti!S tr::t:ntf(Jnt:€j ~H)(r•.re . .-.\t• 

Sf3f:ts~ti t.~y ~! tef•~:r)?.f1C•~ nurr~~ral :2·1 ~f:. tt1•s f't9ure, f~;:~ f:j;­

.;xrnp:e, •Jeph:~r~; :So .. c:$ll~d "C~"' ~~nfr~. ~~1hk:·h are jrt:$•en~·:.) 

bet-~--r&~~n :.ht~ e10rnbf:c-s. r-r:.f:nt~t.1r..~:d .;~;)::)\/(:' tor n~urit~;ic~dly 
s~~:::::n•~] :Jp b):":"t\.V&"~n t:"":.~~rr, \NhBn flSS·t::·nbi:ng tho~~e n·':f5rn· 

(90:SiJ Ne.<t t~~"<pl::~n;~tlff:"1 ·~-.:·W ~)f: r.::2~d~: ~n. d~t~~ns zb•:::ut 
th~: :.."'.ircu~Bt::;:~i flr)~V •:t H~•~ Hqu),j co1)t;2-\f:t in the liql~~f3 f:.G .. ~·Ji:tt 

proJ<:t.~tt.1L ac:(:·ordlng tC-~ !ht: t;~~<~tind ~r:tt,,:)d::1tt:nt cf tn~= 
~)t·~~~~:~:1 :ni..n?:r1Jtn~\. ~r:ck~d~:"'!g th~: rt:~·.pt:(;t\1~: ~~quid ,c::"}'$tH~ 

\::.:i:::ch t~:-s ~f:(:-·\•vn h\ tt::e ~~c~'),i~: by c0·fa2:rdng tD r.-~ir~ it H~:•W•· 
~,-·et, h~r~,fr: th& ~:>:.pf~~n~~tk1r-:. ·-.,v;:::s. n .. i;::.c'fi~ th~)t U~$ ifr~::..Hd 
f::r:itt:tl pctn0t:::. ·:t"ri{H). J.tltpJ} ~;!;nJ 101(H} fo:· f-.1. ·G ;~.r:d 
.~~ t:r:~: Cl;r,nt:(:t.8d In ~.:•~r~~~:~ ~<A~h::-~ ihe :tqu;:::..i f>·)::-.,r:ng cyt:~~= 

p~jrai:i~~ \:-:·:tf). ·~~·i: h~r., t~~·t:': li:quid C:Oi'.:hnD :::~·y-.::i~ :-t:ef::k>f:{~d 
ab~::v(: .. Tn•~~f\ in th!·s, f:J; .. ::~: the ~ .. ~·(Janf!tk~n ~-..,:u: t~e rne::{:J.:,3 

:)njy by tal<k:J n~t (2:":~~ ( 1) ~/-U)os·;e r1~n~~~ (3) kinds tht;:rt:Ot: 
: .. f?..: 1c~ t>E~ :a s::-igi{~~ :iqt.~~c-i .:::::~~'.:~t:~}; p:.:y~:~:: : o·~. 
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t)-:2: c~rh:/~:.n by n:,-~ f->:..Hnp 129. :ar:d :t p~i .. ~!SBf~ ·tnt(.:•;jf)h the 
~-...~elm.tor 1 :~.o .. tt: t:\~t 1::s.tnnc:~?. U;,~ rH3at ·in l):sc~H:ir9f;:.j irtU.) 

;:~r: (.-ut::~ide~ tht:r-2:by to be c<.~t.1}eti ticwT:~ 23ntHt:.0.n ~h~ ::t~ttid 
CC•Oi<:U;?_ f'i0)\1?-~ 'int:) tf;:3- bi.Jffi~r ik.,¥,t cnf~(;nf:ii~~ 17 .;:{}lJ 1-&. 

~:.9f~:t\. ¥\'ht::~ :::n:: :xtU?.f:.t:~:~c; or: i:tf ~snd bn~too~ i:~dfy:~ :r.>c:•t·~ 
~~0:·:~~ ::.:; -rh~~ (;~~::::.:~ .•~~ ~ . .1·,.-~~ t~•-·~· f ....... · ..... :.,.t,>,i) o.: :J .. ? ... ~ .. ,~J 

(::'y:~t8i p&n,~~ l n l ?~·:-:~n!iD:~~x~ <ib<)Yi~. Tt~.::~r(!~ifh:?L. th~~ l\q~.:id 
{.()Vi~~trt \-"'.?~H'.i[n th~ buft{;r fh')\.).· -t~h::H~~f;~!~ ·i '/ I3:1d i :':~. :3th·~:· 

tf:0 ~J'~lr::i-::::~:~s ),,~§"~ 'l{f;kh ~1f~ ior-rn:.:;:d h: t:'H~ upp,;,::r ~d9•2: 
t)(:tti:.)n ot ttJf ~>8-s.f:: ·t 4. n~cn t~::~:0:2~fi:t·: ;hn):)flh U;\:! H-:~~ 
fh)>',.: c:hf:J)nf1:l~ B <~t\d :; .h~:;,.,:i:'::fj H1& fhic~.r~~:.:~:~ ·"D'' ot tt:~­

~:quid cry;~t~3~ nrt:B. ;3:--:d kffH1.~Jr ·p<~~;~:nn ·thr.~~:...:fJh th~-2: H:~t 

;lf{~ tnr:-nt:}d in U;;~ !t":'...·V{?:r E~(.i9~~ pf:;•:t:D:--:: ::if thf~ c~~::Zf: ·~ ~·!: tJ.:fT~'.; 

t:~~ck tr:: th~: t:;lf£3t flow <~~H:i;nn•~~;.~; i G ;:3.nr.J l ~ rn'Bntk.":n•2:d 
~::.bO\i{:3, .::<.~;:::~·m, lri th::~t i"nstr::t~C~j. ;;:s;; ;,.;-,.,·;~t f:'":{2~Hfi(~Di~d !?..t~o·v:::. 
on t)(">H; ~.:ldt:s gJp and zkr .. vn) of ~h€: fl;::.t f~::::;.>,/ ~~r~~r:n;~(s- e 

Cfdlt~d, H:e f:~Q\";: ~ :~s 1:;:tan.:-.e fh:w;;: <~h23 nt~~~:s .. ~-e,. i :"it3 ft:tt Jiov·4 
<:t·3;3.nnEils it~ fU~,i 1 t, {upp$:') and ·~ttat>d i: -:Jo\-Vl:t\ ~1:~:'\.tln.·g 
th~: U:lckr~i;s::~ ~-d~· (f)~•·d}-
[OGSJ] Th~,;.s~ v1h}··t suer: :s: :-uct:Jt.:2t~; cf· UT~?. f·k~y .. : cht:H~ni:~ts: 

2D kH' frt:?. hqi..:·:e: G(;•Oh:i.nL, t~)r t:>:;irnplii, tt>:psnds :r:~o ihe 
~v'":dth d:r-t:-ct1o: ... t {:3~ .. :n tt1.:~ hc:,:i.<.0:-:t(~\ dfr~~c;h>n :n Fig. H 
(b)\ t1;J bt:~ ;~r.t~<~fy r~1(i~;ced ~n rhe ffuv-; '-"'~~::~dry l.fH::=·~~of~ 
bncaus~: c:-f pt"</v'lslDn -of ·th~: tlf::t nc.•;•v e:n.:~tH1t::f 1 :5 ::'-s.:~v·:nq 

ch::-En=-1~;:.:. 1.\..s ~~ r~2:s:.t1t tn~re-o( ~h~ pte-$=sun~ CDtn~~~- tr, b.e 
;~(~U8:1 (':.:' un}ftH":"f} ~~·~thin "UH~ buH~:f f':OVY ch::~n-~bB:· i·l~. F~::·,,. 

tfier:. sine~ tfn1 b:)1ter -Hol:-v c~~=:in ;-::tH l : \~; a:sD, prc}\•'ki:~:d ::-·~ 
the tiGVtn~~tr~;~:rn ;'.}id".e:. (rftn~ 'f~t1 f:(;;W ChGr~nei:s-. 7 H1~: thk:k-· 

~J~n~J ·\:Vltn the. i;.~YtflO)-.,~• .... ··:J-nit~:1·::";i B ~t f:lrJ.h H:':~J:tt::1r:t>~l th:~~:<:~· 

h."'.•ff:.H::<:~ pn!S,$Uf<:: \:¥~tnh': t~~~= b~itr~(tk)V,~ c.t~:.::}t;:e( ··t 1 ,::0t'(h1~. 

to :b-e equ;::l or 1;.~:1tfr~:rri r:·•l~n ':f s;..:-ck1ng ;h~ <.;:::,-o:~tnt !rot:-i 
::;:; pit:,:>~ or th(3 ct~::i-):o..,•·;'.:;;t)' tut~:·~ ·L~L ;;Ju,·~ tn i23rf}..:.:)nes::~ <.)f ~}"~~J 

s~nc-:t":: a flD'.:'J: n1t~2 {:.~~ .. : th0 n1.::'...•YV8locity) of tr~e ;;q~;i::i <:·:::rt~: .. 
~nt~ 1[(_;\•Vk:Q ~ .. -:h:h::1 ~ht: fi~3-~l~J2"Jl,:~ ~':hf~nr:-::;::s l f., .:-3.r·:ti 17 D! h~[~h 

fj':"::S)~~t~;:,n..::.-:-::~ ~u,;..i ths- t":~it tkw~· ch~~nt(i~: l ft~v~:,.,ig ~f:~: ·thk:k-• 

n~:~:~ "D": .. :,::: p:o~~·•>f::l1;:-E31 ;o Hl•'.::: dHf~:·f~XKffS h: the :;.::n~~=i,:nrA 

"f:::)~i-..•· ··./f:k>:.:~::~y ;:v:tt:l:~ ·U:i~ t1)~·v c:.h~ini·:~I 7 ::~Orf?:~:~: t:) (_;~ c::;:\,· 

~J~~:::t :f tn,:s tt::t:;~n:2::t;~; "'C' .. (~•=- H~-::~ ;:o::'i.'.i:~f-·::3:-~n-~::: 7 ~~:-(d !hi; 

n~t. tll¢; \1~JUfr:i t:colr~r:t flo~~:'~f)9 th~f<:1-:r: frnn:: lh~: h·H3\)c:t~o=-·t 
t:..~b~~ 1 :?.' for ~iqli~d coo:~nt f:C-\·v.::; Ett ~~n equ21:t Of unlfo:Yn 
ve!:.:::cil:~{ in H·:e fh~~flo":-~·· c\":::~nnnl 6 h~~;,.:[ngthe t:-~~c~.::~~SB :,D, .. 
fQ~}-54] 10 tt·3s. f:'':Gnn~:r, '!-¼;~·:;( 3: . .'·._}: ~:-L :.h., ..... ~H_,·.::. z">: :.:, .. ~, f:,~~-= 

12 

"tht~ •:.~ooh:ini ft;:>~:ving ti·w-rii\n. ;\j:2,:~: t:cw that i·B::::.son, H>0r0 
is no ::~i:~nc$~ or ~f~::Br{:rinn dlftE:ten~~<:~ :n dE:ns:ti o-1 tHf~ 

CC•~-3~~:.J~t f:(,V•-.-']t:9 ',"{,'i{hit a:c ~r:skW. H">~:'0~.)f~ t):· ~F~fl~?-i·~n:ng 
d~t-: .. ~:-:~:nc~: :::-i u~{;." coc~.ting c:2:.pi~C:ty: :.~~ -: nc\ (j\s.tr:butior:. ~t. 
'.::-te.:.~te<i ~n t,~rr::pe:'~~.ur0 ;,."::'1 !he =~t:fJ;~c:-.~ l">f n~B t.iqtiid c:·y~st~~~ 

p::~nt~\ n~~:· nt:: -:i/{:::::·itn(:i~ in U:::~ r~frB:·)t·\,'f k:~j::::< tlu~: ~:) 

pk:tut"~· t)t;ti{j:'{e(i: Si.;-:..;h s.:3. thf~ f!U(!(i.~?..t:on .. di:;'.:)(~ler:fii~ {n:·. 

cnlo:- s.t,;::.dlng\ t~;-:_;.~ ~::-1\j ~hs:•f.:t.:y ~n;:'tbiin~) ~~r: knpr~~•t!·· 

of n~~": putr:;p -~2. i: ~:·; ntf:·(Ht:2-~s: tc).f;3~rt~~~2:.-t H;;:~ :iquki (::-y~h~l 
r~;,.~n~~t r:·~~t: b$! ~~f~o~~tj :..1ow:: r::t t~lgtH~r ?)-)Dfo":£: ?~ffk~i?~nc:::r 

16 {Bpp~~r} ;::.:-::j 1 C:· ~UV..i i ·i {b\~i~:n havi:1;1 tf~& th~ckn~~ss 
'.'d'-' (.D·.:,,d). ~nci futH~~~:;·ttH?. t;uh\~:r-f~Gi.•V \,,:har:n;~}:s i 7 ~~.:1(~ 1 B 
(tip,~Br) a;cij ·: n (snci ·~ ·1 {lo•.:,,?~~:-;. ti::~pt:·~:~t:ve!y, D:l t:~;tr: s:·d•~ft 

{~~~9~, up f~nd dov'ifi,)- ot the f~~t H{)\.~i c.M.&r:n~Jl~ g 2nd 7 

a~.,ov{:\ r~oVJ€ve: the pr:t.1~1~nt ~ove-t"'::1k)n sh€::~~1·d ~-:c~t b~~ :-~-­
st:1~~t~~~j orily tc; ~~ucl~ tht strt::ct• .. in~s i1·1~nt10:1e(:L?tbovt:~ ~3::d 

fr~t?:'~!f~)rf3: on\•' Dn~=-: of thl">f'~ ~-:::i:=t'l b~~ prcvkJ•~d or:!)t on th~ 
:..:p-str~::~:n s\(le t:r th<~ dt)\.-:/n:~~s~:.~~rr~ ~:{~)•:::- ~htff~~(Jf. 

f!◊Qo\'1r19 j:1 t~l,::;f) c,t t!l(: "fto\:-...r ch<:nr,:eiB n·w·nton<:~{j sbo~-E~ 
:-.~~n b~ sppH(;:d,, to;-(:'>~ai'":·~pt~\ a ~VHt~r !;'tt_.(1n9,;~G B:rHffnE:.H.l.· 

~f:9 BO~~Jtion, ~~uch <~s, ~ti1y:en~ qly'CO~ ~nd/or pn:::py!,~n,~ 
9\h":Dl.. f::)f S?:~Bl'l')j)i~~- fr-:.::: p~:"t th~H\~(~f, (ff <~)~€,~i"n~~iiv~:v~ &:"i 

fl:;.;o:in~tB: {U:e tia,Je n·:.?.?::t. of ~":tH1":ltcrrii-::<~~-: ,.Drnp.any} 
tt:3pt~:.::sent~3.i:i'J•:-:.ly~ fr;:- ~>:i:t:-rtpl~, b{~ing ~:up~~ti<~r fn ngt::·p~r" 
:·n€-·~lbmty. lni]ot":v::~. ~i'H:~ lf:S~"?; :n t:·Ubblfn~;t. c:nd ha~·i:''tf} ~~:~~t> 

frk'H~ ~rr$t~faJUn'k: p:-•)pi:tty. ;:~.;~ ~{.{ii}i:, tn pst~~.:..":UIB.t~ V·iW1 fi})-

prc~-~:ct u~~} ;..;:•:::-:j~K""-fo)n pfr~hir& frt,rn df~?f::}:)r~3tlon o~- i:J0:g-­
r$d~~n,)n t:'t•.?.(~Oi, (j:.~* !<.~ :·n~xtn:J t)f but:bh~s. kst<) H~·& nquh:3 
~\:::<)~f1nt fl:~:v•f~g ::: th0 f~().\".!'Chf~nneh.~ VtiUi;:''.t th~~ Hq~~l(} (,.'::')!~=· 

t:2:: p~r:·f:i ~::':~!;~~ :Yh~Gtk·,f:i~-d t~~X'.li..•'i\ f;H·t:·:·~fi\:'f:ly. l~ls:-), l::': p::E·· 

(~f pho;oc:atytic :·e::~J.il-0:·\ c:f H~~ 't~~an \)>-:k};:?: ~>:.-·$th th&· r;g~lt:~ 
fron·: th)?: ::::rnr, rn:.::ntic•tt)~d f:b~~:..,..0.' t~~~ ~-...:~~H ~=u~t~~c~~- !ht:f{:ti 
;;:;~~n bt~ ]<~pt t() b-~~ h~h..tre:.philh--:·. ~3}:.,"/f~:/B: n:r:.:1:?.ior;~. ~~ ~~:: po~~-
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::e; ~ .f.. t<~n~ti.:~ up!,~ ~)e ,~qu;:1:! aix.,ut ·: c~ t:tr:~~; of ·an B"ii~:r­

a~30.{j f\av·.: \."et,:,,cit}: ·~~}Uhb~ 1he t:~Jft~t nc\~ ch<lr:r:e:: ·nr r...::­

t"l~qh,Jr t~i~:3n tJ~at Pr,:::f:;'.n~b:y~ t:·1~)Sl'.2~ rt:i~~t~r:g :o !i1t} otht::' 
buff:.~::- ·:"!c-:..~· ";_f:~:-:::l,~h~. ~nd Hle r:lgh·rE":Si~.:t2.nc~3 ll~t . .v en::1n • 
ni?-;'~~; •~t,~ a:i~o detf::-n·~tn0d i:~ th,~ :;~n·if~atr:·:.;r;1n0r. f,\:,\:"~a~ 1:--:B 

r~~t:2"}:~.:)r:st::p tx~t~~•:,;~3~:n th~-~ t:1[t,~;--.n~~~:-~ ''f:)" of ·::he, ff<.•W ,:t~an­
n~:1? i~<)Vi-~:-"ing the ;~(~:./<1 (:-ty!3l<:~l p::tn~-~; :3::· .. ~~:. ~F':d th~~ ~h:::-.:,,-;~" 

r:::;;s ""::-t c:f t~;f: h~9h··f<~$J~t::1r}c:"j f~i:J~\·· c:~i:~~r-::~f:l~· i C• ~~nd ~~ 

~Jy:nJfd not th~ Hn1~h:·-:-j, :n p{$:-t\~.~t::~: .. n::Y~,,~;.v{::s :.~in-en :h.f: 

b :~f\)t:r tn::::·:; {·d\ the:-t-f,')r:-~. ::t t:::: r::r:·f::f.:.::H3..~-:-it~ t) (i~:-J-2::rY:fr~•~": 

~·t)" tn)tn ~~:ri:-n !:; f)-:-rH~:: '"v--;hilii ~{r' f:'<)n~ ;"j ~ n·K-:-~ t~J lrn:~\, 

crt~r~n-~~:Ls U 8I~d 'l, \.",'":°':lch <ffi: k;,:1~1f:<~ t)f: be:;th r\d'2:S (~:.g.~ 
~h-:;: li:]ht :r::_:;ider}t .:.;hi~:- ;~O('i thi: ~:~Jht ~~·tn~~{f:ln~ ski:~:} r~f t:H~ 

Hq~..:id cry~;ta~ par:-!~~ -10-~, ·art· fi~~t.i:2:d tt.• ~~:~~ch. otn~:r k~ th<~ 
t:·:: lcl\t~ess 'T) ~ :th~1·~,.">f. Hot--... 1~v~:r. it is ~i~::~o po~;~~it:1:~ i.t~ 

-chanH::~ tr·E-;-fkw-.., v1~~n:-:::tv (~:.ft; th<:~ nD\:\{ r.~_te) of th::i !iqith.i 
,;::o::-)~an~ -.....-.;!th::~ ;:l.r: ln~.:d•~ th::::~~of. f;:>:" 0:.<~HY:ptt\ :[n H case 
¥Jh{~fi 1:t·H?;. n,;~:?:t 9~nef;~tncn n:~ the ·::it1ht ;r-:<::d~~:~t :~:d;~ tiut-­
fB::::.e {>f tr~~ !:q~l~d crvg;~l p.anet ·: Oi ls ·:~u~;:r tha:~ ~hHt (Jn 

:t li~ ::1is(~ p,,._:ysf;ltih~ tn ch2u-..~.J~, not G!":"lV thi.:~ rhk.kn~i¼~ ,'.TY 
.f)t tt~l::: tlO\?~· i',.:;:.h::inneJs l) &:"'::(i '? .. t)~Jt aJ~;o :ne i:fik*J1{:~f>::S. <-d'-' 

~Jf ihtt t\~J\·~ ch:2:nn~:Js ·15 <~nd ·:B f:Jpp~f) <~t:d 1(: H:~;.j ·t··i 

14 fn:· buHd~n9 the fr:~nv~ surn.:::st.::vj!ng tfF2! vanntE; SUD· 

s.tr::tt:2:~: {:~r~ ~~hf~P€3d. n<)t lr:tO tht~· snt--Hk:3 :;:!;$: tt:.O\,\'n in Fi~~::t 
·l {a} a:Ki ·t {.tJ.} n~et)tioned HbGv>:;:-,. t)ut :nt{) a. pk;nd n~i.:-nb:er 
•.Jf cl:<·~~i.Je . .:- H::ou~;h~hole:s ~~? f\Hi.her: ~N!;.h the s:t·u:-::~::..::-~~~;: 
:)f i~~~= :~quk} ctysta: p<H~t1t JC:} f~CC(~:-~i:nu to :s~;ch t:-·1i~· n·ind-

:~bh:::: frn~·t: fr~(: ::qu~d c:!yst~~j p<:n{~~ ~:CC~():·~j::·:9 ~-z) th{:~ :::t~'"~:-tf~ · 
tr: ~-~nb~; n-::~1J t~n:,tf•:)(ftr:~ ~nt, }:: pa:-t\~~~~~<i r ,• E! r:c:::: th~ th :-( ... ~0 f}h · 

hp~t~; ~12 fi:tt:. fo:r~:f;::d k: th{::: H.::p ~:.r.:ti b:.">!ta:-n edt{t~ pcn~on;~ 

t~1e rnttn\.:f:E~~-..~tti::::tf~ thf~t{ji)f cf.,;.:--r:t.:::-3 to l1e e~)i~:y, ~~nd ~s:s,o it 
if: ~~.d'-}Hnttj:;,v:-~)UB. ~:~ pa.rtk::..:i~:, \.,.,.:h~H: ft:rrn}ng t~1:2: HO\/\.' 

~h~:nr:s(;;;. tt{ t~f.:: :~:. fuM:h~1•· h¼{:n r~~E3:st~~nc~: \,VHhin th~~- g~':.~\,l\< 

fDr.-n}ng t::~1 tnrc,hk:~; h)r thf~ :iqdid G{.'l()~H,~:t 

tuos·q N~~·xt; r-:~1- : 1 ~~~~iGh-:~<J l"-H~:·e \:-f::th ~:=-he\~-.,;;:; .. : .J 

fron"t tt":~ ·f~uuri'~l th~ ~.ht,\~k•~ ·fk)~\-( ~-~~·:ann~t~ n {~r:d 9 tk•~v0r) 
:~n~j : 53 ~1nd H:.~ g.:ppt~·r), \V~:lD~~ Brf: ~orrnt~d ir) thi3 tnp ~lnci 
tif)tton: ed~je· po~t~o~;~3 or t):6 cB.S{:3 ·t 4 t{>t·b~tHrHng th)z fnarne 
~~urrout:dlnf~ the 92::/iou:::; sub~~tn~tt~s., 8rt! for:-ned: t.o t?i~ 

t.o\·0rh~g th~~· Ht;t~1d cty~t~:.l pf~n--2:: arE~;::. :::~ent.:cnf'd i~bov~!. 
in 8:d-...·~n{~e. ;:::n~j th0:·0.:2:.fi,2:-, ri:.?:si:3t(sn.c6 ;)::~n~~~ ::~o a:·Hj ~~-~ 

fupp~~r) ;:!:nd ~12 a.nd :3:1 tt~;i'.:'~~r},, e;::ch :~i:lvinfJ ::i pri::-det~r--
{h:n<\:·e:). \#hicf1 fH€: prcvkfr3<i i~>r ~·c)nY::·ng th0 fr~.rDtti.:"3", ~--~~: r:·:int~d t~~~~kn~~}r. <~rt! 2tt~cr:~fj on z;,ne :jdt~ t•! tt;.e \-\;a\\ 
~h0 h~rin•n~:~~i~~t.:s:·l{~·3 f\o;.ll/ t.-tr::nnels 1or Hlf3 i:qu1d co(;~<~nL ~w $U;t~<";~S <)f thGt3~-3 sJH•iH•;e flo\~,l cJ~;::)nn~!$: ti\~rzby n·1ak:n9 

e:'"·:$3~n-:~~~- ·: "'l ~nd j l~ (~Jpp,~t) S:H\d ·H~ :3TK3 1 ·1 flO\-~ier\ f~P•' 

pn)prinfe\~. 
[0t)69'j .. \s. \"-/::':~~ rtt~:.n;lon<:~d abO\•'i~: '.>Vl'tl! the ~~qu:;?~Hzat~(:::'~ 

1;q~~;-d -c .. ~v~.:t(~l pan-E~t covf~(:nfJ 9r._,·~r th<:) enrrs tn•~:·t~G\f. 1t if; 
po~~----ibk:1 t:) ~,tn.:xin a Q◊(Jd ~3/'n.-~ ~':;:'t:f.t t\¾t!i-B qt~a\h:~;/ of ptc, 

~,\.~f0S: \~•'itholH s1~~ne:--~~tk;9 tn~: {kJ(;tu:.::.tk•ns Cf~ tht: ~)k:)Ute 

otitfdn:eci. ~\nd af:"H) buHtHng ltp ~h0 \1qt:~~~: Ci),:);:r:9 ~~y:,}tt·tn 

p«n'=1t ·:r1to $t; {)tJts:d~.?..: -~~ct:~.:t:f:,/~ ~t~~~b:~~t= i<) coo~ do-...~·:) thG· 
nquld cry:2:tal p~~n<:)l <3t i--1i,r~h$r (:·(_:;.:snn~; ~~Hk"J.:·~nt:¥~ /!\i:d_, ~\P·· 
p\yh}g SBfJ~ th<:! Hq:)d Cr~••iJ;~l pctn~~::; lGi ink"": ;ht1 Hqt:id 

e!~f~!;~} -p~r.1f~1B ·: G~ {F"~). 1, !) H(~:) ~::·:<:i 1_D1 (}1) ~<>:- t(~."~ e-1 >i,. 

rr::~::·~tB.::: a Ef:.:~trn•~- and :-:~;~_;:~bm:,y k~r th{;~,f ::quk~ :-:.-::·•i~~\::::i 
p;1n:·:::·t:2:. ;;: ~~f,::j~~ · ()"f :$.t: i.:-·:e\·t::~~$.~: ~!"" · ~~:; ~~:1:n~.H1: e,r \1otun;~~ 
<)t f':i~E~t 9~r:1~~f:1t~t~n Dn tht:: :lqulij cr.:-~J:23~ p?:-.:~:~~-:.:$,. a(:<.Yn~·:· 
pan~,.·~n9 \~'\f~ th~·~.::·n:2~B-sL2.ir-:p, ~J~:nt (;f_~~:-:3t:c~n. anti r':iQh 
h.:n":·:ni~f·l::::.•~ or ·(~:~ght:J~~~r.:: t~~~~~·~~\>L 

[0060:J f,,l~~xt. H~. l Of£~} ~tt:2.:Gf:ed -~H~f~'..•V~tf~ 3hOl.~~.s t:, 

r ·:f.• f ··:..~-?f ·.,~. , .... ~ t:· e -~,...., ,{ ·J -,::~s :· ;>~ ~"'c ·'~· 1 ;· · \,; · ·1 ~-"'·'\ ": ·• b ~-:~~,. 

B{::-!) ;;~t1D ~\b), ~\' :h~~ crc~•s:~---t::~<:Xlt>n .-._:(::::w therf::;f: and ~~\so 

t2p ~fBO t~1~: h~f~t:"r~s~8tai1c{~ no:tl cJ:snneis h~¾\:t:g thi~ 

~hif.Knt~;s \j\ Ho~ve\.~er~ v·i~tf~ s:..:cn the :stnictur~s, tor tD>· 

&rpp::2::. ~f ~j.~~t(~:-:~1:;:tnq frH~ fl~~: tr::c~-.:n$:::::: of iht~: n::~;i~tt:.n(;f 

p\att2s ~}C:, ~l:. 32 (?' 3~:~to b~.: H>~~~d \•\1/h'm. the ;~1.:::-::~,:r• nov•,..-

::ft~s::-abh1 :..~::-:tt.H~ •~,)fft~.;:}pt~n-::-hng \i.) U)e thick1:~~s~ '([){• t)1 ~h~­

P::>-:;.~• :~h~~nr~~h:: t-i ar:.d ? CC'l~~}·]n9 ~ht: :.:quid Cf'_i~t~~t p;~r:el 

.;:lr~~~!:, ·it i$ p~•sf;jf;f0 ~\) b'.J~kt :up; h.t~ :::::.:.itt:,~)i••~ high-:{~~3!,·:':t.af;r~~ 

~~<..~t$';. f!'":~"3-f"tt~n·n~:j ::~bc,;.,:~3- Al~D .. cn:2:.r1gi:1n ttH3: H\k':~:-iiS"~~:;:~J .. ::: 

~)t rh~! re:£.itt~i;n:::i;. f.h3:t~~-: ::.\C. G·}, ~);? :;r 3~\ th.:t:~n•d':r-:g t:tf't 

th~ r~:r;:p.e~:.:hvt:' ,:)n{~• \.'!-t ~h~1 fj~;~v cf:~~t:i":e:~:· fa a:-Hi ( (';ff~~~dr-9 
th<::: nrp:;id cr-/~:·tat p:::nf:t sH'..~:s .. it i$ :..~l~;•:> p?):~K"tbk: t(> c~~~:~nge 

::G~~~~d :.:::·y:s.t<~~ p:3:--:e:: "j ::.: 1: :~:.CC"~)rd~n ~-j L_.. f..~• .: :•~-- i.,.~;•,-,:;, J,;;:, :::· 

bod;:-:-~:::nt Qf U:~ p:£,~Een·t lr~v~:nt":C>f\ t?y th::~ crz.,~~~~s•~i~Cton 

~~::~~nnG~~- th~':n~~fr:, to t:,,~3 2.tf~cn~d \.~f:. t(:f~· t(J? -~~nd b(~~t(~:-:·\ 

~::j:;!§ ~<3nlt)t·~~~ of ~i:~: ,~;~~s~~ 1 "1 -~~~:- b.;_dtHr:-t th~~ 1:·:::!:~·~e sur-
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: D h; <~;tcsche,i~ v;1)":':1i: ~~H~cnir~~~ t,nJ: {·1} pi~:c:(~ t)f th~:-': t>C-:i .. 

Hk{:: :T~{~rrt>er fl In H'~i:• p:;:t~x~g of"the 1'-P/:.") (:2) p.:1~::-:~;:~ Gf be~>> 
rir~t~ :;-~~rnbt:f~; i l a;1ei -~ {~ (upp::~n .. ;~nd theret}~:i 1T,,r:":~i:•~~} 

t:.,:f?. buHnr f!Dv·1 c~;,,:3nnelt or} 1he tQp and tJott~)rn ij=Sge p::~r~ 
t:c)r:f. of the .~~;~s.t::· ·: •l resp~:Cti',/~i:)I' H~J..,,{/.:3Vt:: .. :..:-..dtt1 sDt:•:1 

fa~;..:id Gf\,.,S:t::1~ p~n·E':~: ,;~~~s::·y ~~nd c:·":,~~~ptir ~{~ ~ .... -:::1·1 ::~E,. ob, 
t~·in: ~fJ tht:~ hJ:··t<~t:c.,ns/~J~-,t?<:ts ~Yi~~t::k)t;~"!d ?.t~ovf~, 
[0063] ll~ ;-:-:.dd:t:(~n rh::::·ri~to. t·1f} ·1~~ .:Jtta~~~hi~(i hfN-~i~"'lW-~ 

~h::.:~vs tf:it Hq~.~~t3 Cf'j:3i:a\ p-t:;':..ne: 10 l: :~tf)◊1:tiit~f} t~J f:Jrth{i;· 
t-fr~f:r ~1:Y::t.10-d:;~-}fJr:l c'fUi~~ pre~;f~nt~:T ... ·enti:."!n. by H"--f: t)n;:3:::­

~0(.tion V~<:}\,~ nve~:tec>L ~·:t.if~lif~r, ~3s is ~iPP~fft~nt frc:.,i·n t!·~i:~ 

~~{JLlr,:~'. ~-vith th{3 ::quki c:v·~~!~~t pf~;1~110l ~<x.:~t.,n:f:ng ;.:) thi~:: 

f~G .... ~.t' eh~it:nel~:~ r~:spt~~~:v~:-!y t--·un:16{, :-~tB:--enCf3 nt:n-:•t~n:iifi 
-:;2 B.fi.fj 4~3 ci~:ptct tn;~ intf,jfi~.:etic::-v\).~Elh•~~:·y tube:~ "f~)r tf:e 
li.J:..i!ti to,jla:ct. 
fUUf.H.,} v,.nr, ;,\.:d, i.!w :W\,c;,,m:;:;, ,l:f!,~ri,{J lr,:rn i,1e !\q. 

ilqi.Jd (:-i.}t.:~~.:.~r:,f ir::t-:.:ti·r'.:yn lhe ~iq~:id c;;,~tl~d :,)23:·:!~l c:~,:·1 t1·~~ 

i,.."::·0,.1::'j~~:.t nt~: ~)tl t•)th S](i~:;·~ ft: .. L~r: Br,d dn; .. ,•n} (/ n~(: 

p:i:·~f:::L on\"",;;::~:: s.~ti~·:! t~>~~r-·txJf fcJr e·::-:.r~:--:cp~~~·., f;:-:: ihe b-:.-;.tt-0:-n 
~.:.-. :Sid:?: t~i~r~(:-1 :n tn:.~ ~3x~,rr:pi<:\ ;.?.J:0 thi::•t::k~:·1·~. it:~:: :::riv~n--­

tB.~~r:·o(~f; :;.>.,..hen p~pes ft>{ HH: t::quict c~):..~lnn~ ~~h::.;:~::d b~ r::r.:::­
~·1~:ci~~i. i::"-: p:~M3c-.t:h:-.,:-, b~Ji.n-g ~Nounti I~/-~~)i.H'1d v,mh::"t fr~(.; n:::::· 

f;_:nh~-tr ~:-th,t:r i~r:1tK.~d:rn~::~t. ~;:tf~3:·:]nf3Jn)rn t:·1,:~ !:qu~d C.()"StB~ ·:s Eftt:C:t'.?; :.:.::-:· t~~f: :r:;...•i~t:1.k:-n 
:P$3n~--:•i :>i~-Dt:Yt: ~n t·)fJS. ) {~~) ~~nd ·1 {!)} n~f-ntk~:~fid ~:t~(-:~1~~-.. tr.i~ 
Hi:-Jw c-:~~:?.nnr: ~:S tc-.,: the ;;q u;~:: c·nz)l~3:":t. ln::.li>d~r:~~ Ht~?. n~~! r:c.-\~i 

~~hHnr,;sH.1 t.1e·:ni1 :e:~:.:$! o:· u~:H~>tn·: 1n !he th1r.knfs:;f''t){• .::':.n~j 
fOt1iS7J ~\$; Rpp~~:·ei~t ftt".I:~: t:~t~ ~j<:~~=:e~·;p;;on rn~~r:t~or:ed 
~~bc,~~i~ .. f?tst <>f :aH, ~~'~th thE! ~]quk1 -..-::ys.(a~ p:-o!eck~:· .. <~nd 

tt~,~fiath~nh-n~S~'$ta-n..::.e f~c/ .. i-..~ehnnn~~::s: 30 &.n,c: 32 pt:")V~fJ.r~::1 furtht~r the li'qui<i crvs:!;::.~ p~in•~: ~~nd the :lqt::~ti cc-,c:fa~fl ;:~p-
on t.:{)"th .'.~~elf!·:$. th0n~::i, ix±in~J ~:q: __ i a: or u:~ di·;r-rn ~n the thk:X> .::·i~ ~a:-Ht:.ts f?)r H. a(:coc·d].r:~J t•~ th'.'~ p:\~s.~~:lt tri-vt:~t1ttGn, ~ti:~ pcs · 
~Hs:s \f\ ~~'€:• ;.}f'(•:v:d\~::i :::,n!y c;,n tht~ H9i~t in(,Jc::ettt s~d<::~ ~>'t 
n~r: Hquit) ~~ry~;tfil pi?.net i 'O i. Th~is. ~v~H:in tht::: \iq(;1id •::1·y:;tot 
panei ·tG·l~ t)t~fn9 '.'.X)n5lr1..:cfej i-V~t~ tn~·:. ·rr:T s~::b.s·t;~~!{": ~:~ 

<snd th~3 c;pp,:)~Jt9 :siJ(-:-2;ln:tte 1: t:nc:o.s:r:{1 nr St°':{~ih~fJ :ht; 

i:qu?: ot :Jr}tforn: h~ th,~ tnh.::k.r:•es:~ ,.,D"l ~t':~jrHof :s torn··:~~d 
b0t;.~t}i~n H)fit ('1f.,pt~~;it<~ ~::Jt~.stn~tt~ 1 an::i ti~f: prn~::2~ctk.•n 
glB$S pla;~~ ~1 (;,t:; Hw: figh~ ~f'i(~k~Hnl .~3~dt~. Ho~~--{::V>~f~ ::~:; the: 

~}ibf~ to c.t}~){ ~:it-\1'\~:l t:·:e gquid tr\/:5:taf p;;tn0~e. etfr~efrvt:-~}•·, 

:w1th ;.1~~1n9 th~ h-:r.::d <:oo:~n~J cy<::lt1 c:.tcu1~t:r:9 ~h~: liquid 

c oo!r1;,:t tr:~~ t-2.}n. ;;~nd f u:i}v~r s~t:ce d3ff ~~to$ ne:~ in the ::J~:.nsHy 
h~r::-i:y ~1er:J:r~:1~;fi ~v1tnln the nqukt cot\la.:-:~ H(?~'-i~n9 \•~iH~i;; 

Bltnsr:~ht~::g• ~:~.nt:~ce <)f U~e: :iqui:d c~v~;;;3.~ panel: du~: to U:;~ 
(frft~n~t:Ci~~ in the v~~lo:::ity and th~ t0rr>p~:rs3t:.t:t:;- fr::t~n .. ~~c)t: 
tht~rB"·fore it Is :,:,os.sJt:te to ~>t~ta1-n i~ 900d or p:::efo:r:;-J~l{:." pre:--

otf"i>B.r H~~f:! ~~r·nh;s:Gn ~h.:h~ H-:E:::.;~oL ttH~ p.r-:::;!:ec:th:)t\ flt:2:s,~ j<:~ctlDn p~cf;Jr•~=- v·iiH-;ou~: ~j\;~t~ftJlng tYii.?. pk":ti .. ffe r~~·t>je(~te~:L 
pl;:H~: S ~s ~j;;>]tt:y Ci)nn~::c:~~:d (;r~ ·th~: ··ntT S;Ubs.t:~He ;?,, Al~,r,:~ 1 :Jt) p:: t:rti~?3t. h ~E-=i·tie'..f~~~s fu1 extn~··n<}:iV ~~t:•pe:-~or ~:::ff •~ct that. in 

c:,n tt1e tGp and bottorn ~dge portk::r·:B :)fU,e c:tl~e• -~ <rfor:·~~, 
Ing th.e fr~Hni~ :~urn:::.ff>din9 th:C:$,e :s~2b:;ttf1t.-:: .. s .. there }:s p;--o-­

vld,~d {)n~ { 1} :P1e:::,~ o§ ~~CV\' ch-:int~e~ GO no'.:V(:r} Ot :J:? (up~ 
pr::}: rHBp~:.cth.:ef·t cc-rr~~~p-:)nrHnfJ ·io th·~ f;;~t fi~J\:Y ,·:t~fH':.ti:3[ 

:2~bu·....-e .. ·thi~r~:t1:l buHdi:··:g up th~ h\1n-,r~:s}5tanc.?: Htci..:":;: ~":ban· 
r:e::s fiHV1':~9 !h{~ i:·~k:kt~(:;::;~- ~({ ·:T~i~ntlf~n~~,i abc...-v·e. 

~jrH)' an ~:r~fH.:tH, nf .h:*~;;t ·~1snf~ri1tlon ih~::~~s}{ ks Hf?.::◊ n~~f~ .. -

°t:Vi~i~f ~r-n;~·\ t\&:\:1ff~rt2,. ;~ i~~~n t~~ -appH~~tl\ p~:-fE~rf:11ly: h: 
pctttk--:ur::1~-_. ~n <=~~s~ v·1·hf~re.,:'t is. suff:(Jsntts..1 t$iT~(;,:;.i& tr::;2: fl~:}tH 

pa:t:c:uJa:·_. th~ !jf;~tit?:e ~~-~:d.tc~rthe n~·il2:blM~y thsr(K~f c~~n t~:'~­
tri-:~)f:,ts.::t:e(i tiigi•~. jnc!U~J::ngtf:f.:' H:-~u~tl c:y .. :-;ta~ pf:.f:-2ds t~:·~~r~­

cl 

pt:tr~~t:.~$. tor ~t_. acC(Jrdlng ~•:s thr pr!?.:tt1n.t i::v::~i'Hk>r:., h ki p(>5~· 

::dt~j~ t:,,:- coo!: :~i:.)~'\:'P. t:h~- Hq:,.:id ,:,--::y·~~i ~:-ar:~~•j,:~: t:ff\':~GtV<~+:r. 
\~,~iH~ uS:In~t U:~ llq.:Jhi c:...--:.-.:::i:nf~ c-.y-c~<:~ ~;::·c:Jl~ttin~~ t~F~ Hq~Jkt 
:;.-:(;h')~~~r;?. th.:.::·;--.:.:~}n~ :~r:•:.i f!Jh:hf~;· ~x~~c> ~::n::j0 diff.;~r.;::tff-"'e ~n tn~: 

w:t~Iin the ~1\1n.,t·,esh:J;~n~>0 fto:i.:¥ c~:-~~r:nel~.: ;:;ov~r:ng nl0 
n,nbt tr~nsr:;:tt!n~i ~UJ1~i::~~ Gf· u~:2: ilqt~·id cr11stai p:j:•i~•~, cJ: .. i~3 

:o ·n:€: dit~·:~t"~:n<::~:B in U:f~ \~~::-fr1ctt:{ ~~t:d th~~ t0rnpt:rctH...:rB 

g·en-E~trt~()n ·frofn only frH':! g9rlt ki(~idt?nt f::dn (:;f'th~~ llqU\(1 H1..:~re::~f, th•s~r.tt,f{::r~~ it i~::. po:3:.$:·)tfh~ 't;-::, o~--~li~h a ~?)t,;•J o:- p~Y?i'-
~::y~J:~l pi::t~.&L .1~; ~:r;;~_:_::h:~ pr(·:l:·~,cJj~):·~ pk;t,:P~~~ \ifn1-::tH !l!.sh:.rt,inf] thE~ pk:t•Jre 

c•th~~:- i~n:h;)d-\n~:t?.nt: ·:n ~ hH "i:np et~ge f:Ortl()i: (i 1:h-:-~ c~i:~~~ : d 
forrt·:~n•;} u--·re fr~ffr~e ::s h)i"Yr:t('i 2~. flD\~· c~1..;jt}n€:: h.a~d::~J t.hf: 
kdc~k:nr:~.s ... :Ci" ifr•r~::~u- t<.1 the, ii{)~-~, ch<!n·:--H~l 6:. b-.Jt 
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Jntc ~ht~:t~ {tS) lif~.f·it bf:arns: 
H"1t,~:E {~)) kincis ~-Jf !iq;.::d c:··:l~~v:t~ p¢.ne[g t°(~r tr:::.n~~--

:..i:~~t~ tnti~ns;ty fr~r:rB<)f: 
6 pr<..">~e,~1:c,n rr:~:r:ir~t= ~G:· pr~~-1~-::cring tht: tfiree {3) 

;·;;]~)~ br::srr:~, '.,\!~~\L-::h ar~J s·~ttHhf:·:-~~2·~d by s:aki (:p­
*:ica~ ;~r.:-:~h<.:::;\~infj ni~~~-:~~:~: ~1:-~d 

~~ ~kr-~ld .~{._)~Jfo~fj :.:.yd~ .. in(;:l~HJ:nn ~.: ~~un:r ~ nd ~~ 

ti~t3~►.:..tr:,r }h&t~~i~\ :·{)t '~""1;-\':iJ).;sti::r:: ~3 ::(~Uk! •:>O(~•h::::t 
\.~•.:th~n ~~~.8.~d t:·'i:::~~-2 { 3) ;,:~rv:i~ Gf !:~-{t:ki<~ty;~t:2i1 ps~ni!iB. 
so ~~~; te cDrF):jt;t c:.)i·>Un:} ther::~~::f .. ~:....·h$'::';~~n 

b9'hV::~'::?.n H ~~urfa3<~~: c,f Si~::d Hqui~J ~~~yf.•~~:d pane: 
and .« ~::-8nsp:8!:.;.~::~t :·n0fnbt}: to t.x:: dispt?{;ed vp · ~~o 

posing tn.~zn~tc.:. n~-:~p~d~i::',.t~:y~ <~nd hJ:ther. . .s::fi.-:3 
ih)i/•i ·Ch~H': n~~: kl(~;t.~~3➔~. H h{9h~rt::ni.m.~r:C{~ !~~)),,~• 

ch:-::.nn~=~ be}n9 fh~it ~~i;d ~Jnifon-:~ .~n u1;ckn•2:~:·f; 

crlst~l p;2tr:•~:: ~H~ct a\::·~o Ven :;~u~-<iH:2~:~y nci~-:.~ c\.1:.:tn:'1.t:\ 
k2\·'l0t in ff:-)'v\' tes~st::~nce :h<E~ :3B.ld h\1h~·:·e:.:~.::~t-
1:s:-:)0 ~h~)v .. ~ ch:~.}:ni~~i b~~n9 tt)r:·n~d tortvunctr:g 

3~ t\ ~jq:i:rJ C.()1:3.t~~l }.:~~nt~~ for ~:;;{~ :-:~ ~:: l~q~.:\.~ c:yi~H3t pr(1-

}f:c.t •):'. c:._:t·np :· l~~ l:n9: 

t\;-,,.:(.~ (~~) p~ec,;.:.:~~ {)ft:~~G:SP~HY:·~~t :sut)St~:~ .. t~~S; 0P•"'t(',> 

i:1{1 ~2:. tq!Jid c:;v::::tB.i t.\)~hvec~n th~:::n·:: ::~~ct f;,(:~~~~f::" 

::~~ ;,;::;:i~:~·~ ~ tr,~r:~=:ftf~~~;~H p~~HI'.:~~ beir:q d:spc,s~:::\.·I c:p-­
pos:!ng to one .st.::tif~~>:::- ot (;:$.i,j i\,"P~> {:2} pk~:::t.::I; c/ 
t:t~3=:~;-p~~t·~~r:t f;:..i(~sr:'tSi£:~;, :~{) -c~s ~~.~ ft2rr:1 ~ Ho\"-'' 
\s;f:a:"'lnl'S-l for ~~ tiq•Jfd \.;c-~t~i::lr:t t)~:t:..>,.,·)~-E.'P lbi~:~:~: 

'}.'tt~f5~k~ 

B ;:=t ~d ·ffr.;:..:-v ,::hBn r: ~~: (':ti! f: ::~~~~- .::l htfJh • :::~~;. ~f~f~ nc:~ f:,);.:.; 
<-~ha1~r:r~: 00.~r:g Hf~t ~~:-*rj untfn~·u-:: :n ~h~•J•.ni~::·~:~ 
tht~fi~ti \ and 1\Hther ~'.)Otn}:d!H::~~ ::i b~J!i t~r p'..>n!-c.·r: 
n~:silcbon•ng 10 ;:t orH~ ()f :.:p.~.h"e:.:irn~·,i,:J~: an::§ ;:-tcwn--

!h~:rt:,:)~·, c0.v~~r:n9 a ;:Iqu{t3 tt:•/8.tai p~H':·fa~ i:~t;~:c: ::A }t:cH.)(. C<..)t::-.ptls;n~r 
s~::d !\q;;ki c-t)''Sta: p.::tn,:-J\, f:lid a1sc.; ::1 t:,irfft.:'.r purt:on 2s 

{~n:j ::i:):.,...,~n~Hn~a:·n ~~~d{~ ~i s.~h1h\•:J!"i, ret;i:;t-:ff:.Ct: 

t;-c:"\N ch~u1nei .. 

;:~.r: npth:::.B} ~:.err;~~r.t teer chtH-;g::-\g th~~ ::ght f:\Jrr·: 

said ngh;~~ourc:6 lnt::>a p.~r~ne: l\;:-~t~ t~;:t::e•:J:vid'~d 
~ntn H1n::::-3 { :~.) Hgh~· b•~arns~ .. :x~ 
~hff~,;~ (3) i•.:tnd~ 0-r llq~{ffi ery:1t;:--:l p&nehs t(~:·t~::~n:3·­
ff~~Hh":g tfi~ thre.:~ rj) Ught besn'st: ~i~\t1(~t:d by s.~~d 
op:k-:-:1~ ~t:·3tt::Jnt th~reth.:·cu~1~\ St} ~s tc- r:"11:.:n.iu~~i;t::-s 
:r·:t~1f':Si(-t thiZ{~~o~: 

inf~ ;:t :"iquici cry~~t~: (:t?.t\.VH0n tb~~tn; i~~tV.J· f;.J:~th0t 

2!! h~::tse :2:. trant)p::H··0nt ~:iate: tJ•~tng dfo;po~:.ed {)~).­
pc~sir~~~ 1D c:-n,:: s:..i:-tac~ ot ~~aid f'f.~o {~:} p:~e:t~~~ c;f 
t:-an~;p~::.r~1:-::t sub::~h°(~ter~ .:~o ~s to for:·n ~?.: fl:o~v 

se1.~:.:1 HQ-i.·V i.'.)1an(\i~:~ ~:i.:::.finf:~~ a: f:~~~h--P~!~tl~:t,:'.:.ri~:.:;:>: Ut:·~v 

ch~r:t\e; t::0:::u f:,:~t r::,r1:~.i un:fcff:-n k: n··tic~n$S~ 
th~r~crf. ;1nd turu·~~f ;.,::o:Ttpri3.t~t: ~3.t: ~:'$.i...rxms:·y HD,,v 
ch~:1nf:·: h::\:Vf:i" ln tkJ~".t _:y~:~!.:s.ti:':U)(;$ th~n ~~(~id ]--:i:1h­
r*~~::,5t~~~:e~ Ho\,.<.1 .:-.h.~t:n~:, b~~1nt~ fr::1n~f:d $Un•.;l;nd-­
h~f3 s::~id ~"':Iflh-r~:f~~qBnc~ flD-...:v th=:lnneL 

~~n o~.>tk~2~ ~1ynH~:-:":s~,:c::ng :--~w=<~n~:: fo:-- 2\tt:~t:.f:~1:~~~:r~u ~~-<.: 5, i\ Uqt.Eri coo:::-~g ~~·P!-~-~i:-:ti~.us tor c-::::.0lin9 }lq:J:·r.i c:-y.st:;.~-l 
iht~ U·:ren (:~) ~l~;;:t t::0~~rns. p23s.slnf~ t'YH{)i).g\·t ~~~~d 

U:rf:~~ (.:)} hlnd~:: Df ~iqt:id c-:ystt}~ p;:{t:e:.:~. :t~> b~t rnod-· 
u:\.:.~tf intiinslty th~3:'0z~f; 

p;;neis -f(.•~- ufn in t3. hq tiid ,:~y·sta: p:-~::j-G!t:t~)r) ~~:l◊h p;::~::0: 
:·:;l\..-i·:-1u t..,,/f.1 {?) pt-E!(:•~$ t,f t:"'~3.::$:.p~::~nL~l:fts":?:tr: .. ::-.:t:r;?:> .. tr~"­

cfr;ski[j ~~ H<;~~ld c:ys.t~3.i t>'.•~t.-i..t~~~:n Ui-:~::1 ),.•vith -~ l~q~:ici 

:~ pr~~j{:X.~tk1 :1 n1e~ns tor p:-:3].::~t::tln-9 th~~ thr€~~~ (:~) coo\c~nL c::~-r:1p:i:·;!:1g~ 
.:;9ht: b~~.~rn.;s, ~ .. .:-h~c~·t i'~t:·:": t:yntfles~:~ed ~y· s:~~d op- ~~:-; 

'.:':hthh-: ;-3,;::.idth:·6£ (3) [-:)n::.:.S o~ iiqt~i'~3c~:yst~l ~-">~~n.e:B, 
~;o ;a~; tt: ronduct <:oo:::·:~~ ·th:'~f~~Qf: v~•:h0r~·:n 
'~:2:(>h ()f $~ld thr~t: {3} !,:incf:::. o~ Hq~~ld ~ry~~t::d p~3.~1, 

i~!~; o~On.::~n ;:i fl~}i;.\' ch~:r::1-e~ tot H·ie :;q1.:\tj ,:,:z:-ol~~nt 
,_...,,/!h <3 .su::f;_:1-..:,-~ t::1 -S~il::J :i~~:;id c~y:$.~~! pane: and;~ 
~ --~~~"'3·:~"-~··rrt :·nen~b~':::· t:::: t:~~ (i¼~;::~o~s;~d <~~·~pt:~;3~ :"\n 

:.::t!:::\~ir~z:: ;:>:tJ~~(i~~.:$ .:~ h\f: ·:'-::~~:: i~~t?,.r:Ct~ fr)\·':-: c::·1 ;~r~~:i'~~ 
b:~:::~9 f ~~:. :~~:: -~ ·~, ., ~~:c::--·,,,-, ,, ... ;:-~ ..... , ... ::: ... ~ (' ····s ':-. .:·....-•:~,-,..:•_ ;:-:<>'./.· 

tt~~8-et: 8. t:-!fJh-rt·Bi~~ttH:c~ flD~v ~);·:::nnf:i beln~1 Ua.t 
and \;r:if()':•-rn. i:1 tt~:.\•~krtf?-ss t:i.<:":t"i~t:t t:0\1~:-~::~1 B 

t.~~d C:)'st:?.:l pa:-~i~l a:1:~~ r:f ~.~~;::-: ;h:ruid ~:)"I~J::::i pt3.:1~: i. 
t:J·,d ~t!~;n a bug Bt po~·tk~n n:;2-t9hbt,:-r:r1n t<) .;~~~:d llo\:v 

t(.' $.t;ld t~:.:~:fer r:,D:~~k:::: (/ ?);:~:d iif~:)d :)t:{~~(::::.: ~,;~3r::::f: 
~~r:d 
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,:h<~f'}nt:.: Fntt.1 .an oi:.:t~k~e, \.Vf;i~t;it.~y b~J~k:i:n9 a. fa.f· 
dk:. C:')C•!in~1 cy~::lt~. 

/:\ Hqt.:k~ <:<>{;1~ng aK~p;~r~tt:s tor cc:,Drnr~n fiquid c:'l~-:tal 
p;~n.:~:$ ft~rs.we ~;~ ;1 f;quJ,:i -~ry~·st::!t ~>r,-:+·~c.t.cr, ·e::~chp<~nt~:: 
h$,f:in:;_~ !Wt~{<::; r;[~~{~f:~; ~i t:~~~=3Pf:Sr~~r}l'. .S.Uf):~.t:·;:u:,~t. ~~r~• 

(:~(~~~=;lr:~~ a nq~J~d (.ry.s.t~~J ..:.~~• .. .:j.z::~:~ u:~::":\ "~--~H; ~~ :~q~;~(~ 

21i lt~i1~::t ;;~ ttt:risps~:·.:£:-nt f)~i~t~, t).::}~ng ~fr$p•~s~~{j .c;p· 
po~~i~fJ t~; i:~ni~ s~.1:t::i,.>f: ::.:1 ~t=:1}j t'>\·':") (?) p-l~~.;.-:ns (/f 

iff!nsp;:tr,-)r-:t .:Sl1.tJ~strnt:2:-~~- .sc~ ~~t t{) d,etk},;~ Ul,~t~~t:•.~·· 

11,NtJ~n ;..~ ~~\tri..-:~~.::f:t;3fn.--::!3 HtA:\: GH~~nns~ b~~~r:~J i:!~t 

=2':nc-: i.::.,:\f~)n~) ~r ;hk:ki~e~.::;: th~r~o-f, c:c-...t~::nn B: Hq· 
uh:~ (;(',f'$:.t3.~ p:::~~;2':[ {H•-::2; ~.)t ~3fii(j Hq~);j t:(y'S.t~:d p~n~~. 
:;~f;d at~:c:, :_'.::n :::~~xU:::try Hi)v-. ..- ct:;~:--:n~~; k~v .. {f?:r \:1 ·fk:\/V 

:,~s\gt::tnc~~ ·;h:c~n ~:::~ki h~9h"a"rf~'.~1:s.:1.0;:---:ct~ fh>\l~1 eh::in-~ 
nt:~. :)f:i:1~1 ic•r:"<·~,,}"d s~ffrG~.tntf:nr;1 .~=::id H<}'./ol .-.·:t:~~:~• 
fl,~~:; f~~r~}1i:>f 

9. drivh)g O'\~:~?.nH i~rU;,;z ;!qt!id (':80l{H~t. t)'.)n :~~:c·!Hd _2,1 

tc; s::frd biJff{;r ~~D:·tlon </ ~;;::dd ik:u\rj crv$t;~J p~H~~~~: 

;~ ht~at E:~di.;~t~)t r:~e~~t1~. tor ;\~dint:r~u ~:e-H: {)1 s~ud 
lh:1u~ticr/t!~3: p~H;:::t, ~\~r~ich h:; r,1c;e-.l>,/~:(') in ;~21\i:l Ho\.v 

8: ;·:El-~! Si):.::-::.>e~ 

~:n op1k:~~~ .ehzr:-:~:~(i fo:-· cf'ie;.fi~~:r~n :·:-·:~-; ~\~h~ ·~ro:·r~ 
~3i=".ki ·!ffJht s:nut~~~~ :nto a p;~:'~~::e l ll9h~ .. t:-.; t~-:-~ d~vtdi~d 
ki~l:':~ tbr~1i:":: {::~'! ~~nht be;;~n-:s·_: 

~;1:·et!: (3) kJ:'idS (1f :Iqt::d c?yi;f~t{ PfW:~~s t'c.1r trtd'::!~. 

(.:pHci«~ t::/.erri:-:!t~t thE~-1·{;:thr:: .. •1.)[Jh: s<~ ~~$· tc• ~---:<~:!ju~<~t~= 

lnt~~r:·~~:ity U;·~~•:·•~of:. 

<1n (;ptlc:~: ~~ynU1e$~z:in~J n"!.:::~an3 to:- s~$f3:th~~sl-=-:in~J 
th~~ t:'H'{.:.r~ (:]) i\1hl :t1t~;:;--:.:-ns:: pf~$.'.~irtg: tn:-o:.!fJh t~i::..id 

H·:fi-t: ( 3} k~r:(J.:~ ,')t ;:qul:'3 c~y~~:½~~ paneh::-, to b(: ;-:·:.::;;::!­
uh:1t:~ ifHi~fV$~ty· th:::-r~t:t 
& p-:o~t~-;~i:i(:,:~ :""r~·E~~3n~~ lot pr(.•j.;&.c::t:r~:f~ :hr: tti'.r~:iS" {Z5) 
l~~~ht b~t~rns ... ~~·nk-::h ~3rt: ~)oynU-·:~silHti by S%.i'ci op~· 
ric:?!l :'~:/f:;h~~:;~2::·~~J r:·1~~;?:?~'.:~:: Ht':i~i 

f~ ~~qt:id '-':.t:,,>!i:-·:t1 i::yi:.;t4;;::: k:<>!.:xdin~! ti pu::--:;p .::(tEi ~~ 43 

n~~dh$.t~>:- tn•~t'2:~rt fr:::t t>:rc:.::~ttln~J ~~ hq'-.H-d c~:tc,la:~i 
-i'-' :~~ ~ ;~l s~~ ;~5 ;;:: ,;)~. ;.:~· .. , ::..::, ~~5.,~ ,. ~ ,~ ... r--~J .,/~ ~, ;:~ .. : k-:~: :<: .: ... ~. 
~~o -~r::. t:·~ <:on~k:ct -~x:c~b\; U":.f~ i'.~~,;)( \,'.fhi:~f,-~ir: 

b~:i-..-v~~~;~ ;:: {:i.:::1-:3c{:~ of ~~aki Hqq~d cr/~H;~J p~u-:Efi 
~~nd a kar($p~r~:nt ::'J1E.:Eibffr tG b12: dh:.-p<)S~:j QP· 
posl:;~1 thfu-i~t'.): ~-1:~Specfr-.:·-t~fiV .. ;;-~nd fuf1h~?:r. $~~i~.J 

tk~~\: ·(:'.f~.:~;:n~:t i:K:bd~:~;· S t'::-.::;t htJ\;\'. chtff~t:1:d 1:::;~::·~f~ 
fia{ ~~=~d :·:if::>:t?: :n ff':~c:~:~i:':f:::: U::?=":'~cJ,. (:'~~,:.:-~~r:r:~;: {~ :~-:s 
~i~~uk~ cJy.s·~~}~ ~)::~:;~:: ~~:'~=~~ s)·f ::~~:1k~ ~~q:.:~j ,._,. ;<~~~~•; 

\Jf ~.f~l(i ft(St fl,-)\.~ cn.:::nn:f:•\, hf~\.•'i.nf~ fi::.:.,•t-:· r~s~st2n~<:t: 
hlfJ~~t:r ~h::fft thi:it in ~-:.a:d i·k~;! t{)~~,. ,-:r:.;::.::-:.:;'=:L 

T:·lE~ ;1q:.~\~j :::.rysh:~ ~ pto-~~:ctor ... :::ts t§(~tc::-:~)t-?.\.i :n -~:~t~ c(~j;~:~:-~ 

?: ~<--:hi2:t~?":n f;-:::.id tfr~t•i::~ c~yBti.7:! p.ar~eJ fun ile.r '.°:t~n·fpT~tf:s 

~i b:.if~;f porfio:·1 r:t~·ighbDr~r;i~ t~): ~.aid ~;::'.K:t:,nti How 

ci:f~:n:·~~::::, ~n ~~< .. idif•:.;n tc: $ak~: te•:~o!:t: H~.::~~· (.:h~iiv·:~~~: 

9. _!}, liqli~d t:rfi-ta~ p~nt:l h.:.,: o~;'=~ ln (~. HqtJid ,.~ry3t::~j p:(~· 

Jec'J{):·. '-'=~::-n~;:.:·~t:in~:~: 

h.~-o (2) p~f:f)0t: onta:-~~.;p~~tf:n~ 5:.:b~~tr.::::te:~. 0n<:h>ts­
k:9 ~~ hqs.~hJ cry:~tH3 l~~~t'.:'if:~31) ;.h~~n\ ;.'=t:-;-:.i ·f:.ir~her 

;~t lr&s.~~ .a tr~n!.~p;.::..t~nt pk=~!:::::; h~i~:g -:-Htp(.~s:-:3d •.::p·· 
p<.'ts:n~J ·t<) t)G~ st:d:~c·t~ c•f sf~.:•..i t,.,~i·:j t~~} piE":D~~s o:· 
:-r::H:~~~~::?.:-~~nt tWl".s.$~n-~t:?:~~ :SO a~~ t•.) fr;.r~n ~~ i·:t:1~,$ 

cJH::JH~f~l tnr ;:~ :~q:...:ki c.t)i)~~:.nt. ~>f:·~ ... Nf:~~n thf::·n, 

o~~~fif~ n~::.t ;:::~d unlfcJr~n ln th:ckn~ss th~:rent:, ~v:ti~~n 
an ~~te~x czrv~:::n~-~ ;:t ::qui~;.l <::t~/Stfd a:'ea r;,f sa~rj 
:~qu}d (;·t}tSti~~ p&nf:L t~.ti~J f~_:.t: hf:r ::::nn:~Hls.e~s.. ~ .s.t::">­
r::ttl no-❖~~ chf~r;nel n~d~-i'tb~)d~~g tt:\ H •~):-~e (if Up--­
st:·~an: side ::~nd dc~~{'...-n.~:~t·t:att·) side of :;:::i~j t~\fi-­
f(:~:::~fat:E:.nce fi<)•:lV C!:E~.::G<;~i. .. h!3.Vit;g:f~OV\f i"ts}~;:!2.,:"1(~,e, 

h~9h~:·th;:tn ·U:;~:.:t }n Si3ttd fir~;:t Ht.,Y\' cf1~3::~~<:~t . 

. k~cto:·. ,~s :J,t~-s-:.--:db~}(i ln t::1-e c\;::kn J .. ~v:·terein s::~l.:) l1:q:i(i 
crys.t~i p:::nei furtht~t ~ .. >D·n~p:·)ses· fi t,;;"!1?~r pD:·tl:on 
:-,~tgh.bo:-1ng ts; ~:a-~•::: s~t;::::;:d H~)~-v c:hfann~~L ~;: a•jcilt;.-::.~n 
:.o ~3~:j S-tt~orKi no¥:•..1 s:J~<~nn~~t. 

p~3.~H~·:s fr~: u::~e in~~ :iqt-i~ti (:"::,rit:~}{ pru.~,:K.H>r 1 e::tCh p8:cE:-t 
h~~·~~ln{J f;,,'\::..~ (?) p!:;-:!(:es <;•f tr~n~:~~:•:~:}et·H.SU~)tt:at,~s .. :sr;T 

c~:)f::in.g ::~ Hqt:'}d C:-y~t.@\ t:~::h\-'~·~;:1r) ~he:·n ':.l'lhh ~~ Hq~.;~..:-J 
cr.:•t~t~~n.t, cc-:,:npt\~;ing: 

~-3.t :·t~!..st$'t i~ H'::?~ns.pctt0ulptf3;~\. b0tn9 d]:;~po~;~Q :"JP· 
pos:·:--19 t-:.: t.ff)~ tt;~i¢t(;~J t~f S.::':J~j h~'~· (2) pl~C87i- :~i' 
t.rr~ns.~--:(~~::~-::x:t ~~~bstr~~t•~r, ~::c· 2:s: to .::-r~~-fo::f3·H)0:-0t~~·· 

h--l::~)J.n ~~- t::-s.t f:o-:.,-...;·c~>~?..t:?~f:-i t~0k~9 n~i~ ;.~nd ,H1~torr~ 
~t: thk:kn.::~J-;B ·U:-€~::-,:::,::/.: t·:·}-..:&:::;n R ~:quid ~~:''l~il::?..: 

t(; -i:1~::.~t:§ first ~:nd -::;23kf $t~~:,::;:·~d fl-:;\.~' cJi;~un~:1:~ ct 
.S~,:ci ]:q~~id CtiSl~l pr:::::~~:: a.ni:l 
::! h.-::at r:~~lf~2::tc::-r n·~e:.~n$ foi· t.:~d:B.ti::•:~:, h.£,~~~ <~f ~;aid 

::~~:Jd cr~,.s:;~{ p:~:·:~:?.l: ~.:vn\ch \::; r~:::~~:hl~d ~c., ~::;:::id fj:·st 
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EP l 762 892 A'\ 

p;2~ne!~~ ff>:· U!~0 :n ~·: :~qu~d C(':l~-t~~; pn)j~~<=~or, HS d~~ 

;~(.fh)t:d in ii--:.G G!~~i:1·~ j ·:' '.t,dw:::2:~n ~~[;j ·1i~~ui'd Cty~::;~l 

~)~:ff:el Turtn~~f ~~~;r-::}Xl~3~3 s s t.~:JH-.Zr pv:·1~nn n<:~~nht.H)tl~~~~ 
t~J ~ra~d B£ccnG fiQ',,V ::f<~~nr:::~l. ~n .:~ddl!h>n i(} f.2"3ic:: s~c .. 
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LL 

~ 

EP 1 762 892: ld 

C 
{,.0 

) \ r•-.-. i \ 

'('. ...... , \ \ { 

i~-----\l ~~:,·.,:L✓.,2;..✓.: L<."tuL,.,::_,c.,.,:,,.,:L74,• ·· ·· •' ,. 0, , .,:.,:,:,:..:.,,,:;;{.{:,,..,,:.,,,,<,<,~ !1 
H . \ ~ ~ ~ 

~-' :1 ► •~L~ _ \_ • ~~ • i <'<~• .~. ~ 

. >>>>>>~<<' ' ..... 

\\\}\., 
' ...... . . . . . ' . . . . 

::::.>: -~~~ . : : : : : . ; : ~: >>:-·. ·>>~·>>>>"· 

. ~~1::e"::'.>'.;'. ~:. -~- .. : · t I 
Klfl'?~-·J 
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ander angeordnet sind, sod ass zwischen einer Wandfla­
che (8) des ersten Gehauseabschnittes (3) und einer ge­
genOberliegenden Wandflache (10) des zweiten Gehau­
seabschnittes (5) ein LOftungskanal (15) definiert wird, 
der Ober mindestens eine Eintrittsoffnung (17) zurZufOh­
rung kOhler Luft sowie mindestens eine Austrittsoffnung 
(19) zur Abgabe erwarmter Luft mit der Umgebung ver­
bunden ist, wobei mindestens eine der den LOftungska­
nal (15) definierenden Wandflachen (8, 10) einen KOhl­
korper (21, 23) aus Warme leitendem Material aufweist. 
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Beschreibung 

[0001] Die Erfindung betrifft ein Gehause zur Aufnah­
me van elektrischen oder elektronischen Geraten im All­
gemeinen, und insbesondere ein Gehausesystem fur 
groBflachige elektrische oder elektronische Baugrup­
pen, das im AuBenbereich eingesetzt werden kann. 
[0002] Durch die technische Entwicklung ist es heute 
moglich, groBflachige Anzeigeeinrichtungen zur Darstel­
lung van bewegten Bildern auf der Basis van Flachbild­
schirmen, zum Beispiel mittels LCD-Technik, einzuset­
zen. Moglich ist der Einsatz van groBflachigen Monitor­
systemen im AuBenbereich u.a. als Werbetrager oder 
als lnformationssysteme im offentlichen Bereich, zum 
Beispiel auf Flughafen, Bahnhofen und dergleichen. Die 
fur einen derartigen Einsatz gewunschte GroBe von 
Flachbildschirmeinrichtungen betragt Oblicherweise bis 
zu 80 Zoll (etwa 2 Meter) in der Bildschirmdiagonalen. 
Mit Hilfe neuer Technologien der Hintergrundbeleuch­
tung kann die Helligkeit der Anzeigen wesentlich erhoht 
werden, wodurch derartige Systeme auch tageslicht­
tauglich sind. 
[0003] Fur den Einsatz im AuBenbereich sind die An­
forderungen besonders hoch. Zurn einen mussen die 
Monitorsysteme an die klimatischen Bedingungen ange­
passt sein, d.h. sie mussen in einem Temperaturbereich 
van - 35°C bis etwa + 40°C einwandfrei arbeiten, ohne 
dass die elektrischen oder elektronischen Gerate Scha­
den nehmen. Weiterhin sollten samtliche elektrischen 
und elektronischen Bauelemente vor Staub und Feuch­
tigkeit geschutzt sein. Als weitere Anforderung gilt, dass 
das Monitorsystem durch die Aufstellung oder die An­
bringung in 6ffentlichen Raumen oder Platzen eine ro­
buste und vandalismussichere Bauweise aufweisen 
muss. AuBerdem soil eine flexible und sichere Befesti­
gung van alien Seiten moglich sein und bei Ausfall einer 
elektrischen oder elektronischen Baugruppe diese 
schnell und problemlos ausgetauscht werden konnen. 
[0004] Nach heutigem Stand der Technik werden fur 
derartige Gehausesysteme im AuBenbereich aktive 
Kuhl- oder Heizsysteme, die es in einer Vielzahl van 
Technologien gibt, verwendet. Diese aktiven Kuhl- oder 
Heizsysteme werden Oblicherweise auBen am Gehause 
befestigt und kuhlen bzw. erwarmen den Teil des Ge­
hauses, an dem sie befestigt sind. Problematisch an der­
artigen aktiven Kuhl- oder Heizsystemen ist, dass die 
KOhlflachen fur den Warmeaustausch vor Sonnenein­
strahlung geschutztwerden mussen. Aus diesem Grund 
sind sie fur eine flexible Verwendung im AuBenbereich 
nicht geeignet. 
[0005] Des Weiteren haben sich Standardwarmetau­
scher, die nach dem Prinzip Luft/Luft funktionieren, auf­
grund der unflexiblen konstruktiven Ausfuhrung der KOhl­
flache als nicht geeignet erwiesen. 
[0006] Es ist daher die Aufgabe der vorliegenden Er­
findung, ein Gehause zur Aufnahme von elektrischen 
oder elektronischen Geraten bereitzustellen, das im Au­
Benbereich einsetzbar ist, relativ einfach aufgebaut ist, 

eine hervorragende Abfuhr der von den elektrischen Ge­
raten erzeugten Warme liefert und auch unter extremen 
Bedingungen eine lange Lebensdauerderaufgenomme­
nen elektrischen Gerate fordert. 

s [0007] Diese Aufgabe wird durch die Merkmale des 
Anspruchs 1 gelost. 
[0008] ErfindungsgemaB ist ein Gehause mit zwei in 
sich geschlossenen Gehauseabschnitten vorgesehen, 
van denen jeder eine Kammer definiert, die zur Aufnah-

10 me von elektrischen oder elektronischen Geraten geeig­
net ist, wobei die Gehauseabschnitte beabstandet zu­
einander angeordnet sind, sodass zwischen einer Wand­
flache des ersten Gehauseabschnitts und einer gegen­
Oberliegenden Wandflache des zweiten Gehauseab-

15 schnitts ein LOftungskanal definiert wird, der Ober min­
destens eine Eintrittsoffnung zur Zufuhrung kuhler Luft 
sowie mindestens eine Austrittsoffnung zur Abgabe er­
warmter Luft mit der Umgebung verbunden ist, wobei 
mindestens eine der den LOftungskanal definierenden 

20 Wandflachen einen Kuhlkorper aus Warme leitendem 
Material aufweist. Durch die geschlossenen Gehause­
abschnitte ist gewahrleistet, dass weder Staub noch 
Feuchtigkeitzu den elektrischen oderelektronischen Ge­
raten vordringen kann. 

25 [0009] Vorteilhafterweise ist in beiden Wandflachen je­
weils mindestens ein Kuhlkorper angeordnet. Damit ist 
je nach Positionierung der elektrischen oder elektroni­
schen Gerate eine Dimensionierung der Kuhlkorper 
moglich, die somit nur einen kleinen Tei Ider Wandflache 

30 oder auch die gesamte Wandflache einnehmen konnen. 
[001 0] Mit besonderem Vorteil ist in der ersten und/ 
oder zweiten Kammer ein Lotter angeordnet, der geeig­
net ist, einen zirkulierenden Luftstrom innerhalb derKam­
mer zu erzeugen. Ein zirkulierender Luftstrom sorgt fur 

35 eine gleichma.Bige Abfuhrderentstehenden Warme oder 
fur eine gleichmaBige Zufuhr van Warme, sodass eine 
optimierte Kuhl- bzw. Heizwirkung erzielt wird. 
[0011] Vorteilhafterweise ist in dem LOftungskanal 
mindestens ein LOfterangeordnet, dergeeignetist, einen 

40 Luftstrom von der Eintrittsoffnung in Richtung der Aus­
trittsoffnung zu lenken. Durch die Anordnung eines Luf­
ters im Luftungskanal ist gewahrleistet, dass das Gehau­
se in einer beliebigen raumlichen Anordnung positioniert 
werden kann, d.h. eine Stromungsrichtungvon kalterLuft 

45 von unten nach oben ist nichtzwingendvorgeschrieben. 
[0012] Vorzugsweise ist der oder jeder Lutter als Wal­
zenlufter ausgebildet. Der Walzenlufter sorgt dafur, dass 
eine groBe Flache mit einem einzigen Lotter gleichma.Big 
bestromt werden kann. 

50 [0013] Mit besonderem Vorteil ist der oder jeder Lutter 
temperaturgeregelt. Mit einer an sich bekannten Tempe­
raturregelung des LOfters ist gewahrleistet, dass der Lut­
ter bei geringer erforderlicher Kuhlleistung weniger Lei­
stung verbraucht und damit Strom spart. 

55 [0014] In bevorzugterWeise weist der oderjederKOhl­
korpereine Mehrzahlvon KOhlrippen auf, die in Richtung 
des jeweiligen Luftstroms geneigt sind. Durch die zusatz­
liche Kuhlflache der KOhlrippen wird die Warmeaufnah-
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meflache des Kuhlki:irpers und dam it die Kuhlleistung er­
hoht. Daruber hinaus sorgt die Form der Kuhlrippen da­
fur, dass eine gewisse Verwirbelung der Luftstri:ime, die 
am Kuhlki:irper entlang gefuhrt werden, zu einer gri:iBe­
ren Kuhlwirkung beitragt, ohne den Luftstrom uberma.Big 
zu bremsen. 
[0015] Vorteilhafterweise ist der oder jeder Kuhlki:irper 
als Formteil aus einer gepressten Aluminiumlegierung 
ausgebildet. Aluminium ist aufgrund seiner hohen War­
meleitfahigkeit als Material fur den Kuhlki:irper ideal ge­
eignet. Selbstverstandlich ist es jedoch mi:iglich, auch 
andere Warme leitende Materialien anstelle von Alumi­
nium zu verwenden. Daruberhinaus istes ebenfalls mi:ig­
lich, gegossene oder auf and ere Art und Weise geformte 
Aluminiumteile zu verwenden. 
[0016] Mit besonderem Vorteil ist in der ersten Kam­
mer eine Platte sch rag zur Wandflache, die den Kuhlki:ir­
per aufweist, angeordnet, sodass zwischen der Platte 
und der Wandflache ein sich in Richtung des Luftstroms 
verjungender Kammerabschnitt definiert wird. Mit dieser 
Platte ki:innen die Stri:imungsverhaltnisse derentstehen­
den Warmluft in besonderer Weise gesteuert werden. 
Durch die besondere Anordnung mit dem sich verjun­
genden Kammerabschnitt erhoht sich die Stromungsge­
schwindigkeit durch den Venturi-Effekt. 
[0017] Vorteilhafterweise ist mindestens eine der Au­
Benflachen des Gehauses als durchsichtige Platte aus­
gebildet. Damit ki:innen in den Gehauseabschnitten An­
zeigevorrichtungen wie zum Beispiel Flachbildschirme 
(LCD, Plasma, TFT etc.) angeordnet sein. Die durchsich­
tige Platte selbst kann aus jedem beliebigen durchsich­
tigen Material sein, wie z.B. Glas, Plexiglas oderderglei­
chen. 
[0018] ErfindungsgemaB wird auch ein Monitorsystem 
fur den Outdoor-Bereich bereitgestellt, wobei das Moni­
torsystem neben dem oben beschriebenen Gehause in 
der ersten Kammer einen Flachbildschirm sowie in der 
zweiten Kammer eine Steuereinheit aufweist. Die Steu­
ereinheit kann als handelsublicher PC ausgebildet sein. 
Die Technologie des Flachbildschirms kann dabei frei 
gewahlt werden, z.B. LCD, OLEO oder Plasma. 
[0019] Mit besonderem Vorteil ist der Flachbildschirm 
in der ersten Kammer derart angeordnet, dass zu beiden 
Seiten des Flachbildschirms jeweils ein Hohlraum aus­
gebildet ist. Durch diese Hohlraume stromt der zirkulie­
rende Luftstrom und sorgt somit fur eine Warmeabfuhr 
des Flachbildschirms. 
[0020] Bevorzugter Weise ist in der zweiten Kammer 
des Monitorsystems fur den Outdoor-Bereich ein Com­
puter mit integriertem Lutter angeordnet, der eine Luft­
zirkulation in der zweiten Kammer hervorruft. Der Com­
puter kann dabei ein handelsublicher PC mit Standard­
gehause sein, in dem ein eigenerLufterfurdie Zirkulation 
der Luft sorgt. Oas Gehause des Computers kann dabei 
mit geeigneten Luftungsschlitzen oder -li:ichern ausge­
bildet sein, die fur eine Zirkulation des Luftstroms in der 
gesamten Kammer sorgen. 
[0021] Weitere Einzelheiten, Merkmale und Vorteile 

der vorliegenden Erfindung ergeben sich aus der nach­
folgenden Beschreibung unter Bezugnahme auf die 
Zeichnung. 
[0022] Fig. 1 ist eine Querschnittsansicht einer bevor-

5 zugten Ausfuhrungsform eines Monitorsystems mit dem 
erfindungsgema.Ben Gehause. 
[0023] In Fig. 1 ist eine bevorzugte Ausfuhrungsform 
der vorliegenden Erfindung in Querschnittsansicht dar­
gestellt. Das Monitorsystem 1 umfasst ein Gehause 2, 

10 das einen ersten in sich geschlossenen Gehauseab­
schnitt 3 sowie einen zweiten in sich geschlossenen Ge­
hauseabschnitt 5 aufweist. Diese beiden staubdicht und 
im Wesentlichen wasserdicht ausgebildeten Gehause­
abschnitte 3 und5 definierenjeweils eine Kammer7bzw. 

15 9. Die Kammer? umfasstin ihrem lnneren ein LCD-Panel 
11, das mittels geeigneter Befestigungsmittel ortsfest in 
der Kammer 7 angeordnet ist. In der zweiten Kammer 9, 
die durch den zweiten in sich geschlossenen Gehause­
abschnitt 5 definiert ist, ist ein handelsublicher PC mit 

20 eigenem Gehause angeordnet, der als Steuereinheit 13 
des Monitorsystems 1 dient. 
[0024] Die beiden Gehauseabschnitte 3 und 5 sind 
derart zueinander beabstandet angeordnet, das zwi­
schen einer Wandflache 8 der ersten Kammer 7. und 

25 einer gegenuberliegenden Wandflache 1 O der zweiten 
Kammer 9 ein Luftungskanal 15 definiert wird. Der Luf­
tungskanal 15 ist ubereine Eintrittsoffnung 17 sowie uber 
eine Austrittsoffnung 19, die jeweils in dem Gehause 2 
ausgebildet sind, mit dem AuBenbereich verbunden. Die 

30 Eintritts- bzw. Austrittsoffnungen 17 und 19 ki:innen sich 
seitlich oder an der Ober- und Unterseite des Gehauses 
2 befinden. 
[0025] Die den Luftungskanal 15 definierenden Wand­
flachen 8, 1 O weisen in der dargestellten bevorzugten 

35 Ausfuhrungsform der vorliegenden Erfindung jeweils ei­
nen Kuhlkorper 21, 23 auf. Dabei erstreckt sich der erste 
Kuhlkorper 21 uber nahezu die gesamte dem Uiftungs­
kanal 15 zugewandte Wandflache 8 des ersten Gehau­
seabschnitts 3. Der zweite Kuhlkorper 23 ist im oberen 

40 Bereich der Wandflache 1 0 des zweiten Gehauseab­
schnitts 5 angeordnet und von der Flache herwesentlich 
kleiner als der erste Kuhlkorper 21. 
[0026] Eine wesentliche Eigenschaft der Kuhlki:irper 
21, 23 ist ihre Warmeleitfahigkeit. Sie sind deshalb aus 

45 einem sehr gut Warme leitenden Material ausgebildet, 
beispielsweise einer Aluminiumgusslegierung. Daruber 
hinaus ist fur eine optimale Warmetauschfunktion erfor­
derlich, dass die Kuhlkorper 21, 23 eine moglichst groBe 
Flache aufweisen. Dies wird in der bevorzugten Ausfuh-

50 rungsform der vorliegenden Erfindung durch eine Viel­
zahl von Kuhlrippen erreicht, die so ausgebildet sind, 
dass sie in Richtung der entsprechenden Luftstri:ime ge­
neigt sind. Dies hat den besonderen Vorteil, dass die 
durch die Kuhlrippen entstehenden Luftverwirbelungen 

55 in der hier geschilderten Form relativ groB sind und des­
halb fur eine Zirkulation der Luftstrome im Bereich der 
Kuhlrippen sorgen, ohne den Luftstrom zu starkzu brem­
sen. Durch die besondere Form und Neigung der Kuhl-
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rippen wird folglich die Warmeableitung erhoht. Selbst­
verstandlich sind auch andere Formen von KOhlkorpern 
und KOhlrippen moglich. 
[0027] Wie aus Fig. 1 ersichtlich, ist ebenfalls in dem 
ersten geschlossenen Gehauseabschnitt3 ein Lutter 25, 
z.B. ein WalzenlOfter, angeordnet. Der Lutter 25 erzeugt 
einen Luttstrom innerhalb der Kammer 7 entlang des er­
sten KOhlkorpers 21. In ahnlicherWeise erzeugt der Lut­
ter 27, der in der Kammer 9 angeordnet ist und als Axi­
allufter ausgebildet ist, einen Luttstrom, der innerhalb der 
Kammer 9 am zweiten Kuhlkorper 23 vorbei zirkuliert. In 
der in Fig. 1 gezeigten Ausfuhrungsform ist der Lutter 27 
innerhalb des Gehauses der Steuereinheit 13 angeord­
net. Der zirkulierende Luftstrom innerhalb der zweiten 
Kammer 9 ist durch gestrichelte Pfeile gekennzeichnet. 
Er verlautt durch das Gehause der Steuereinheit 13 
durch eine Offnung in dem Gehause der Steuereinheit 
13 am KOhlkorper 23 entlang, anschlieBend in den Zwi­
schenraum zwischen der AuBenwandflache des zweiten 
Gehauseabschnittes 5 und dem Gehause des Steuer­
einheit 13, um Ober geeignete Offnungen wieder in das 
Gehause der Steuereinheit 13 einzutreten. 
[0028] In dem Luftungskanal 15 ist an einer Seite ein 
Lutter 29 vorhanden, der z.B. ebenfalls als Walzenlufter 
ausgebildet ist. Er ist dazu eingerichtet, die Umgebungs­
lutt auBerhalb des Gehauses 2 Ober die Eintrittsoffnun­
gen 17 einzusaugen und dem Luttstrom im Luttungska­
nal 15 eine solche Richtung und FlieBgeschwindigkeit 
zu geben, dass er bei der Austrittsoffnung 19 wieder aus 
dem Gehause 2 austritt. 
[0029] In der Kammer 7 ist neben dem LCD-Panel 11 
und dem Lutter 25 auch eine Platte 31 schrag zum ersten 
KOhlkorper 21 und damit der Wandflache 8 der Kammer 
7 angeordnet. Dadurch wird ein sich verjungender Kam­
merabschnitt 33 definiert, durch den der durch das LCD­
Panel 11 erwarmte Luftstrom von dem LOfter 25 gelenkt 
stromt. Durch die sich verjungende Form des Kammer­
abschnitts 33 wird der Luftstrom durch den Venturi-Effekt 
in Richtung des enger werdenden Endes beschleunigt, 
obwohl die gewunschten Verwirbelungen an den KOhl­
rippen des ersten KOhlkorpers 21 dem zu einem gewis­
sen MaBe entgegenwirken. 
[0030] Eine durchsichtige Platte 35 bildet die AuBen­
wandflache des ersten Gehauseabschnitts 3. Die durch­
sichtige Platte 35 ist vorzugsweise aus bruchsicherem 
Glas oder glasahnlichem Kunststoff wie beispielsweise 
Polymethylmethacrylat oder dergleichen ausgefOhrt, um 
die elektrischen oder elektronischen Gerate vor Zersto­
rung zu schutzen. Das LCD-Panelist innerhalb der Kam­
mer 7 zusammen mit der Platte 31 und dem Lutter 25 
derart angeordnet, dass ein gleichma.Biger Luftstrom an 
den langen Seitenflachen des LCD-Panels entlang je­
weils auf beiden Seiten entsteht. Dadurch wird die War­
me des LCD-Panels abtransportiert und mit Hilfe des Luf­
ters 25 in den sich verjungenden Kammerabschnitt 33 
gelenkt. 
[0031] Im Folgenden wird die Wirkungsweise derWar­
metauschfunktion des erfindungsgema.Ben Gehauses 2 

bzw. des Monitorsystems 1 beschrieben. In den beiden 
in sich geschlossenen Gehauseabschnitten 3 und 5, die 
die Kammern 7 und 9 definieren, zirkulieren zwei unab­
hangige Warmluftstrome. Der erste Warmluftstrom um 

s das LCD-Panel 11 herum nimmt die Verlustleistung des 
LCD-Panels 11 auf, die je nach GroBe des Panels 11 ca. 
100-500 W betragt. Die Verlustleistung des PCs 13 im 
zweiten Gehauseabschnitt 5 einschlieBlich der Strom­
versorgung des Bildschirms ist dagegen erheblich gerin-

10 ger, in einem Bereich von zwischen 50 und 100 W. Des­
halb ist auch die Flache des zweiten Kuhlkorpers 23 im 
Vergleich zur Flache des ersten Kuhlkorpers 21 wesent­
lich kleiner. Die beiden in den jeweiligen Kammern 7 und 
9 zirkulierenden Luftstrome geben ihre Wa.rme jeweils 

15 an die KOhlkorper 21 bzw. 23 ab. Der durch den LOfter 
29 beschleunigte Kuhlluftstrom im Luftungskanal 15, der 
in Fig. 1 durch gepunktete Pfeile gekennzeichnet ist, 
nimmt die von den beiden KOhlkorpern 21 und 23 nach 
innen transportierte Warme Ober die innen liegenden 

20 KOhlrippen auf, erwarmt sich dabei entsprechend und 
tritt dort aus dem Geha.use 2 wieder aus. 
[0032] Samtliche Lutter 25, 27, 29 sind temperaturge­
regelt und ihre Forderleistung hangt damit von den zu 
transportierenden Warmeluftstromen ab, die in den Ka-

25 nalen bzw. Kammern verlaufen. Die als Walzenlufter 
ausgebildeten Lutter haben einen Durchsatz von bis zu 
3.000 m3/h. 
[0033] Die Platte 31, die zwischen dem ersten KOhl­
korper 21 und der ROckseite des LCD-Panels 11 ange-

30 ordnet ist, hat auch noch folgenden Effekt: Da die Moni­
toranordnung auch bei sehr niedrigen Temperaturen, bis 
zu -35°C, storu ngsfrei funktionieren soll, muss verhindert 
werden, dass das groBflachige LCD-Panel 11 beschla.gt. 
Durch die Platte 31 wird u.a. datorgesorgt, dass derLuft-

35 strom um das LCD-Panel 11 herum moglichst gleichma­
Big ist. Um bei sehr niedrigen Temperaturen ein Einfrie­
ren zu verhindern, kann die Steuereinrichtung 13 dazu 
eingerichtet sein, beispielsweise nur die Hintergrundbe­
leuchtung des Panels 11 anzusteuern. 

40 [0034] Durch die Steuerung der Luftstrome Ober LOfter 
bei der bevorzugten Ausfuhrungsform der vorliegenden 
Erfindung ist es mtiglich, dass die erfindungsgemaBe 
Monitoranordnung 1 beliebig im Raum angeordnet wer­
den kann und vollstandig drehbar gelagert sein kann. Es 

45 ist ebenfalls moglich, auf beiden Seiten der Monitoran­
ordnung 1 jeweils ein LCD-Panel 11 anzuordnen, wobei 
zu beachten ist, dass der zweite KOhlktirper 23 dann in 
entsprechender GroBe gewahlt sein muss, um die grti­
Bere Verlustleistung des zweiten Panels zu kompensie-

50 ren. Daruber hinaus ist es auch mtiglich, statt eines han­
delsublichen PCs 13 eine Steuereinheit zu verwenden, 
die von einem kleinen, tragbaren Computer stammt. Da­
m it la.sst sich Platz sparen und die abzufuhrende War­
meleistung der Steuereinheit 13 auf weniger als 20 W 

55 absenken, weshalb man gegebenenfalls auch vollstan­
dig auf den zweiten Kuhlkorper 23 verzichten kann. 
[0035] Es ist anzumerken, dass das Netzteil des LCD­
Panels 11 in der bevorzugten Ausfuhrungsform der vor-
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liegenden Erfindung in Fig. 1 nicht dargestellt ist. Es be­
findet sich neben der Steuereinheit 13 innerhalb des 
zweiten Gehauseabschnitts 5. Wie bereits erwahnt, wird 
seine Verlustleistung ebenfalls Ober den in der zweiten 
Kammer 9 zirkulierenden Luftstrom zum zweiten KOhl­
korper 23 gefuhrt. 
[0036] Damit wurde ein Monitorsystem geschaffen, 
das einfach aufgebaut ist, im Freien einsetzbar ist und 
bei dem aufgrund der Anordnung der KOhlkorper und des 
LOftungskanals im lnneren des Gehauses keinerlei Be­
eintrachtigung der KOhlwirkung von auBen stattfinden 
kann. 
Gleichzeitig ist es moglich, die gesamte entstehende 
Warmeleistung Ober zwei voneinander getrennte Kreis-

6. Gehause (2) nach einem der AnsprOche 3 bis 5, da­
du rch gekennzeichnet, dass der oder jeder LOfter 
(25, 27, 29) temperaturgeregelt ist. 

s 7. Gehause (2) nach einem der vorhergehenden An­
sprOche, dadurch gekennzeichnet, dass der oder 
jeder KOhlkorper (21, 23) eine Mehrzahl von KOhl­
rippen aufweist, die in Richtung des jeweiligen Luft­
stroms geneigt sind. 

8. Gehause (2) nach einem der vorhergehenden An­
sprOche, dadurch gekennzeichnet, dass der oder 
jeder KOhlkorper (21, 23) als Formteil aus einer ge­
pressten Aluminiumlegierung ausgebildet ist. 

laufe abzufuhren. 15 

Patentanspruche 

1. Gehause (2) mit zwei in sich geschlossenen Gehau­
seabschnitten (3, 5), von denen jeder eine Kammer 
(7, 9) definiert, die zur Aufnahme von elektrischen 
oder elektronischen Geraten (11, 13) geeignet ist, 
wobei die Gehauseabschnitte (3, 5) beabstandetzu­
einander angeordnet sind, sodass zwischen einer 
Wandflache (8) des ersten Gehauseabschnittes (3) 
und einergegenOberliegenden Wandflache (10) des 
zweiten Gehauseabschnittes (5) ein Uiftungskanal 
(15) definiert wird, der Ober mindestens eine Ein­
trittsoffnung (17) zur Zufuhrung kOhler Luft sowie 
mindestens eine Austrittsoffnung (19) zur Abgabe 
erwarmter Luft mit der Umgebung verbunden ist, wo-
bei mindestens eine der den LOftungskanal (15) de­
finierenden Wandflachen (8, 10) einen KOhlki:irper 

9. Gehause (2) nach einem der vorhergehenden An­
sprOche, dadurch gekennzeichnet, dass in derer­
sten Kammer (7) eine Platte (31) sch rag zu der 
Wandflache (8), die den KOhlkorper (21) aufweist, 

20 angeordnet ist, sodass zwischen der Platte (31) und 
der Wandflache (8) ein sich in Richtung des Luft-
stroms verjOngender Kammerabschnitt (33) definiert 
wird. 

25 10. Gehause (2) nach einem der vorhergehenden An­
sprOche, dadurch gekennzeichnet, dass minde­
stens eine AuBenflache des Ge ha.uses (2) als durch­
sichtige Platte (35) ausgebildet ist. 

30 11. Monitorsystem (1) fur den Outdoor-Bereich, mit ei-
nem Gehause (2) nach einem der AnsprOche 1 bis 
1 0, wobei das Monitorsystem in der ersten Kammer 
(7) einen Flachbildschirm (11) sowie in der zweiten 
Kammer (9) eine Steuereinheit (13) aufweist. 

(21, 23) aus Warme leitendem Material aufweist. 35 

12. Monitorsystem (1) fur den Outdoor-Bereich nach An­
spruch 11, wobei der Flachbildschirm (11) in der er­
sten Kammer (7) derart angeordnet ist, dass zu bei­
den Seiten des Flachbildschirms jeweils ein Hohl-

2. Gehause (2) nach Anspruch 1, dadurch gekenn­
zeichnet, dass in beiden Wandflachen (8, 10) je­
weils mindestens ein KOhlkorper (21, 23) angeord­
net ist. 40 raum ausgebildet ist. 

13. Monitorsystem (1) fur den Outdoor-Bereich nach An­
spruch 11 oder 12, wobei in der zweiten Kammer (9) 
ein Computer mit integriertem LOfter (27) angeord-

3. Gehause (2) nach Anspruch 1 oder 2, dadurch ge­
kennzeich net, dass in der ersten und/oder zweiten 
Kammer (7, 9) ein LOfter (25, 27) angeordnet ist, der 
geeignet ist, einen zirkulierenden Luftstrom inner­
halb der Kammer (7, 9) zu erzeugen. 

45 net ist, der eine Luftzirkulation in der zweiten Kam­
mer (9) hervorruft. 

4. Gehause (2) nach einem der vorhergehenden An­
sprOche, dadurch gekennzeichnet, dass in dem 
LOftungskanal (15) mindestens ein LOfler (29) ange- 50 

ordnet ist, der geeignet ist, einen Luftstrom von der 
Eintrittsoffnung (17) in Richtung der Austrittsoffnung 
(19) zu lenken. 

5. Ge ha.use (2) nach Anspruch 3 oder 4, dadurch ge- 55 

kennzeichnet, dass der oder jeder LOfter (25, 27, 
29) als WalzenlOfter ausgebildet ist. 
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Notice 
This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, 

complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or 

financial decisions, should not be based on machine-translation output. 

DESCRIPTION EP1951020 

[0001] 
The invention relates to a housing for receiving electrical or electronic devices in general, and in 

particular a housing system for large-scale electrical or electronic assemblies that can be used 

outdoors. 

[0002] 

Due to the technical development, it is now possible to use large-scale display devices for 

displaying moving images on the basis of flat screens, for example by means of LCD technology. 

It is possible to use large-area monitor systems outdoors, etc. as an advertising medium or as 

information systems in the public sector, for example at airports, railway stations and the like. The 

size of flat panel displays desired for such use is typically up to 80 inches (about 2 meters) in 

screen diagonal. With the help of new technologies of the backlight, the brightness of the displays 

can be significantly increased, whereby such systems are also suitable for daylighting. 

[0003] 

For outdoor use, the requirements are particularly high. On the one hand, the monitor systems 

must be adapted to the climatic conditions, i. they must work properly in a temperature range of -

35 ° C to about+ 40 ° C without damaging the electrical or electronic equipment. Furthermore, all 

electrical and electronic components should be protected from dust and moisture. Another 
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requirement is that the monitor system must have a robust and vandal-proof design by being 

installed or installed in public places or squares. In addition, a flexible and secure attachment from 

all sides should be possible and in case of failure of an electrical or electronic assembly they can 

be replaced quickly and easily. 

[0004] 

According to the current state of the art, outdoor cooling or heating systems, which are available in 

a variety of technologies, are used for outdoor enclosure systems of this kind. These active 

cooling or heating systems are usually mounted on the outside of the housing and cool or heat the 

part of the housing to which they are attached. The problem with such active cooling or heating 

systems is that the cooling surfaces for the heat exchange must be protected from sunlight. For 

this reason, they are not suitable for flexible outdoor use. 

[0005] 
Furthermore, standard heat exchangers which function on the air/ air principle have proved 

unsuitable due to the inflexible structural design of the cooling surface. 

[0006] 
It is therefore the object of the present invention to provide a housing for receiving electrical or 

electronic equipment that can be used outdoors, is relatively simple in construction, provides an 

excellent dissipation of the heat generated by the electrical equipment and a long life even under 

extreme conditions the recorded electrical equipment promotes. 

[0007] 
This object is solved by the features of claim 1. 

[0008] 

According to the invention a housing is provided with two self-contained housing sections, each of 

which defines a chamber suitable for receiving electrical or electronic equipment, wherein the 

housing sections are spaced from each other, so that between a wall surface of the first housing 

portion and an opposite wall surface of second housing section, a ventilation channel is defined, 

which is connected via at least one inlet opening for supplying cool air and at least one outlet 
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opening for emitting heated air to the environment, wherein at least one of the ventilation channel 

defining wall surfaces has a heat sink of heat-conducting material. 

The closed housing sections ensure that neither dust nor moisture can penetrate to the electrical 

or electronic devices. 

[0009] 

Advantageously, in each case at least one heat sink is arranged in both wall surfaces. 

Thus, depending on the positioning of the electrical or electronic devices dimensioning of the heat 

sink is possible, which can thus occupy only a small part of the wall surface or the entire wall 

surface. 

[001 0] 

With particular advantage, a fan is arranged in the first and/ or second chamber, which is suitable 

for generating a circulating air flow within the chamber. 

A circulating air flow ensures a uniform dissipation of the resulting heat or for a uniform supply of 

heat, so that an optimized cooling or Heating effect is achieved. 

[0011] 

Advantageously, at least one fan, which is suitable for directing an air flow from the inlet opening 

in the direction of the outlet opening, is arranged in the ventilation channel. The arrangement of a 

fan in the ventilation duct ensures that the housing can be positioned in any spatial arrangement, i. 

a flow direction of cold air from bottom to top is not mandatory. 

[0012] 
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Preferably, the or each fan is designed as a roller fan. The roller fan ensures that a large area can 

be flowed through evenly with a single fan. 

[0013] 

With particular advantage, the or each fan is temperature controlled. With a known per se 

temperature control of the fan ensures that the fan consumes less power with low cooling power 

required and thus saves power. 

[0014] 

Preferably, the or each heat sink on a plurality of cooling fins which are inclined in the direction of 

the respective air flow. Due to the additional cooling surface of the cooling fins, the heat absorption 

surface of the heat sink and thus the cooling capacity is increased. In addition, the shape of the 

cooling fins ensures that a certain turbulence of the air flows, which are guided along the heat 

sink, contributes to a greater cooling effect, without excessively braking the air flow. 

[0015] 

Advantageously, the or each heat sink is formed as a molded part of a pressed aluminum alloy. 

Aluminum is ideally suited as a material for the heat sink due to its high thermal conductivity. Of 

course, it is possible to use other heat conductive materials instead of aluminum. Moreover, it is 

also possible to use cast or otherwise shaped aluminum parts. 

[0016] 

With particular advantage, in the first chamber, a plate obliquely to the wall surface, which has the 

heat sink, arranged so that between the plate and the wall surface, a tapered in the direction of the 

air flow chamber portion is defined. With this plate, the flow conditions of the resulting hot air can 

be controlled in a special way. Due to the special arrangement with the tapered chamber section, 

the flow velocity increases due to the Venturi effect. 
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[0017] 

Advantageously, at least one of the outer surfaces of the housing is formed as a transparent plate. 

This can be arranged in the housing sections display devices such as flat screens (LCD, plasma, 

TFT, etc.). The transparent plate itself may be made of any transparent material, such. As glass, 

plexiglass or the like. 

[0018] 

According to the invention, a monitor system for the outdoor area is also provided, the monitor 

system having, in addition to the housing described above, a flat screen in the first chamber and a 

control unit in the second chamber. The control unit can be designed as a commercially available 

PC. The technology of the flat screen can be chosen freely, z. As LCD, OLEO or plasma. 

[0019] 

With particular advantage, the flat screen in the first chamber is arranged such that in each case a 

cavity is formed on both sides of the flat screen. Through these cavities flows the circulating air 

flow and thus ensures heat dissipation of the flat screen. 

[0020] 

Preferably, in the second chamber of the monitor system for the outdoor area, a computer with 

integrated fan is arranged, which causes an air circulation in the second chamber. The computer 

can be a standard PC with a standard housing in which a separate fan ensures the circulation of 

air. The housing of the computer can be formed with suitable ventilation slots or holes, which 

provide for a circulation of the air flow in the entire chamber. 

[0021] 
Further details, features and advantages of the present invention will become apparent from the 

following description with reference to the drawings. 
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[0022] 
Fig. 1 is a cross-sectional view of a preferred embodiment of a monitor system with the housing 

according to the invention. 

[0023] 

In Fig. 1, a preferred embodiment of the present invention is shown in cross-sectional view. 

The monitor system 1 comprises a housing 2 which has a first self-contained housing section 3 

and a second self-contained housing section 5. 

These two dust-tight and substantially watertight formed housing sections 3 and 5 each define a 

chamber 7 and 9. The chamber 7 comprises in its interior an LCD panel 11 which is fixedly 

arranged in the chamber 7 by means of suitable fastening means. In the second chamber 9, which 

is defined by the second self-contained housing portion 5, a commercial PC is arranged with its 

own housing, which serves as a control unit 13 of the monitor system 1. 

[0024] 

The two housing sections 3 and 5 are arranged at a distance from one another such that a 

ventilation channel 15 is defined between a wall surface 8 of the first chamber 7 and an opposite 

wall surface 10 of the second chamber 9. The ventilation channel 15 is connected via an inlet 

opening 17 and via an outlet opening 19, which are each formed in the housing 2, to the outside 

area. The entry or Outlet openings 17 and 19 may be located laterally or on the top and bottom of 

the housing 2. 

[0025] 

In the illustrated preferred embodiment of the present invention, the wall surfaces 8, 10 defining 

the ventilation channel 15 each have a cooling body 21, 23. In this case, the first heat sink 21 

extends over almost the whole of the ventilation duct 15 facing wall surface 8 of the first housing 

section. 3 The second heat sink 23 is arranged in the upper region of the wall surface 10 of the 

02-08-2019 6 

SEC et al. v. MRI 
SEC Exhibit 1022.3380 

IPR2023-00221



second housing section 5 and is substantially smaller in area than the first heat sink 21. 

[0026] 

An essential feature of the heat sink 21, 23 is their thermal conductivity. They are therefore made 

of a very good heat conducting material, such as a cast aluminum alloy. In addition, it is necessary 

for an optimal heat exchange function that the heat sink 21, 23 have the largest possible area. 

This is achieved in the preferred embodiment of the present invention by a plurality of cooling fins, 

which are formed so that they are inclined in the direction of the corresponding air streams. This 

has the particular advantage that the air turbulence created by the cooling fins are relatively large 

in the form described here and therefore ensure circulation of the air streams in the region of the 

cooling fins, without the air flow being too strongly decelerated. Due to the special shape and 

inclination of the cooling fins, the heat dissipation is thus increased. Of course, other forms of heat 

sinks and cooling fins are possible. 

[0027] 

As can be seen from Fig. 1, is also in the first closed housing portion 3, a fan 25, for. B. a roller fan 

arranged. The fan 25 generates an air flow within the chamber 7 along the first heat sink 21. 

Similarly, the fan 27, which is arranged in the chamber 9 and is designed as an axial fan, 

generates an air flow which circulates within the chamber 9 past the second heat sink 23. In the 

embodiment shown in FIG. 1, the fan 27 is arranged inside the housing of the control unit 13. The 

circulating air flow within the second chamber 9 is indicated by dashed arrows. It passes through 

the housing of the control unit 13 through an opening in the housing of the control unit 13 on the 

heat sink 23 along, then in the space between the outer wall surface of the second housing portion 

5 and the housing of the control unit 13 to return via suitable openings back into the housing of the 

control unit 13 to enter. 

[0028] 

In the ventilation duct 15, a fan 29 is provided on one side, the z. B. is also designed as a roller 

fan. It is adapted to suck in the ambient air outside the housing 2 via the inlet openings 17 and to 

give the air flow in the ventilation channel 15 such a direction and flow rate that it exits the housing 

2 again at the outlet opening 19. 
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[0029] 

In the chamber 7, a plate 31 is arranged obliquely to the first heat sink 21 and thus the wall 

surface 8 of the chamber 7 in addition to the LCD panel 11 and the fan 25. This defines a tapered 

chamber portion 33 through which the airflow heated by the LCD panel 11 flows from the fan 25. 

Due to the tapered shape of the chamber portion 33, the air flow is accelerated by the Venturi 

effect in the direction of the narrowing end, although the desired turbulence at the cooling fins of 

the first heat sink 21 to counteract to some extent. 

[0030] 

A transparent plate 35 forms the outer wall surface of the first housing section 3. The transparent 

plate 35 is preferably made of shatterproof glass or glass-like plastic such as 

polymethylmethacrylate or the like to protect the electrical or electronic equipment from 

destruction. The LCD panel is disposed within the chamber 7 together with the plate 31 and the 

fan 25 so that a uniform air flow on the long side surfaces of the LCD panel along each on both 

sides. As a result, the heat of the LCD panel is removed and directed by means of the fan 25 in 

the tapered chamber portion 33. 

[0031] 

The mode of operation of the heat exchange function of the housing 2 according to the invention 

or of the monitor system 1 will be described below. In the two self-contained housing sections 3 

and 5, which define the chambers 7 and 9, circulate two independent hot air flows. The first warm 

air flow around the LCD panel 11 around absorbs the power loss of the LCD panel 11, which 

depending on the size of the panel 11 about 100-500 Wis. The power dissipation of the PC 13 in 

the second housing section 5 including the power supply of the screen, however, is considerably 

lower, in a range of between 50 and 100 W. Therefore, the area of the second heat sink 23 is also 

substantially smaller compared to the area of the first heat sink 21. The two circulating in the 

respective chambers 7 and 9 air streams give their heat to the heatsink 21 and 23, respectively. 

The accelerated by the fan 29 cooling air flow in the ventilation duct 15, which is indicated in Fig. 1 

by dotted arrows, takes the heat transported by the two heat sinks 21 and 23 inwardly via the inner 

cooling fins, heats up accordingly and exits there the housing 2 again. 
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[0032] 

All fans 25, 27, 29 are temperature-controlled and their capacity depends on the transportable 

heat air streams, in the channels or Chambers run. The fans designed as roller fans have a 

throughput of up to 3,000 m 3 / h. 

[0033] 

The plate 31, which is arranged between the first heat sink 21 and the back of the LCD panel 11, 

also has the following effect: Since the monitor assembly is to work well even at very low 

temperatures, down to -35 ° C, must be prevented in that the large-area LCD panel 11 is fogged. 

Through the plate 31 is u.a. ensure that the air flow around the LCD panel 11 is as even as 

possible. In order to prevent freezing at very low temperatures, the control device 13 may be 

configured to control, for example, only the backlight of the panel 11. 

[0034] 

By controlling the air flows via fans in the preferred embodiment of the present invention, it is 

possible that the monitor assembly 1 according to the invention can be arranged arbitrarily in 

space and can be mounted completely rotatable. It is also possible to arrange in each case an 

LCD panel 11 on both sides of the monitor assembly 1, wherein it should be noted that the second 

heat sink 23 must then be selected in a corresponding size in order to compensate for the greater 

power loss of the second panel. Moreover, it is also possible to use, instead of a commercially 

available PC 13, a control unit originating from a small, portable computer. This can save space 

and reduce the dissipated heat output of the control unit 13 to less than 20 W, which is why you 

can possibly completely dispense with the second heat sink 23. 

[0035] 

It is to be noted that the power supply of the LCD panel 11 in the preferred embodiment of the 

present invention is not shown in FIG. It is located next to the control unit 13 within the second 

housing section 5. As already mentioned, its power loss is also conducted via the circulating in the 

second chamber 9 air flow to the second heat sink 23. 
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[0036] 

Thus, a monitor system was created that is simple in design, can be used outdoors and in which 

due to the arrangement of the heat sink and the ventilation duct in the interior of the housing no 

impairment of the cooling effect can take place from the outside. At the same time, it is possible to 

dissipate the entire resulting heat output via two separate circuits. 
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EP 2 225 603 B1 2 

Description 

Technical Field 

is equipped with a cooling element comprising a plurality 
of cooling fins which are encircled by an air stream gen­
erated by an external fan. 
[0006] GB 2,402 205 A and WO 2005/079 1299 A1 

[0001] Exemplary embodiments generally relate to 5 disclose other thermal control systems of this kind for 
heating/cooling systems for electronic displays. cooling an electronic display unit. 

Background of the Art 

[0002] Electronic displays are typically used in indoor, 
temperature-controlled environments. Although the tem­
perature surrounding the display might be relatively sta­
ble (near room temperature), the components of the dis­
play may generate a large amount of heat. If not properly 
removed, this heat could damage the display or shorten 
its lifetime. Conductive and convective heat transfer sys­
tems have traditionally been used to remove heat from 
the electronic components in a display through as many 
sidewalls of the display as possible. While such heat 
transfer systems have enjoyed a measure of success in 
the past, today's electronic displays require even greater 
cooling (and in some case heating) capabilities. 
[0003] Modem electronic displays are now being used 
in outdoor environments as well as other situations where 
the surrounding temperature may extend above and be­
low room temperature. In addition to heat transfer from 
the surrounding air, radiative heat transfer from the sun 
through a display surface may also become a major fac­
tor. In some applications and locations, 200 Watts or 
more of powerthroug h such a display surface is common. 
Furthermore, the market is demanding larger and bright­
er, sometimes high definition displays. With increased 
electronic display size more heat will be absorbed from 
the sun and more heat will be transmitted into the dis­
plays. To compete with the ambient light from the sun as 
well as reflections off surrounding surfaces, displays 
must produce more light, which also typically results in 
more heat generated by the display and/or its backlight 
assembly. 
[0004] Further, in some applications the temperature 
may drop well below room temperature. Some compo­
nents of an electronic display may malfunction or may 
be permanently destroyed by exposure to such low tem­
peratures. For example, the performance of the liquid 
crystal material in a liquid crystal display (LCD) may be 
effected by low temperatures. 
[0005] The US 5,991,153 discloses an electronic dis­
play unit comprising a thermal control system for a display 
stack of the electronic display unit having a display sur­
face and a backlight assembly. The casing of the elec­
tronic display unit forms a closed loop gas cooling system 
consisting of a first gas chamber arranged in front of the 
display surface and a second gas chamber being in fluid 
contact with the first gas chamber and being arranged 
behind the backlight assembly. The second gas chamber 
is separated from the backlight assembly by a partition 
wall. In order to enhance the cooling effect of the thermal 
control system the rear wall of the second gas chamber 

Summary of the Exemplary Embodiments 

10 [0007] It is an object of the present invention to provide 
a thermal control system and a method for thermally con­
trolling a display stack of an electronic display with an 
enhanced cooling/heating efficiency. This object is 
solved by a system according to the patent claim 1 and 

15 by a method according to the patent claim 6. Exemplary 
embodiments may contain one or more of the thermal 
control features disclosed herein as far as covered by 
the claims. A plurality of thermal control features are dis­
closed and these features may be utilized alone or in any 

20 combination. The precise combination of features would 
depend upon the particular cooling/heating needs of the 
display at issue, which would depend upon the type of 
display, size of the display, and its particular environ­
ment. The thermal control system may be practiced with 

25 any form of electronic display, including but not limited 
to: LCD, light emitting diode (LED), organic light emitting 
diode (OLEO), field emitting display (FED), cathode ray 
tube (CRT), plasma, and projection displays. An exem­
plary embodiment would be practiced with LCD displays. 

30 [0008] The invention relates to an isolated gas cooling 
system. The gas cooling system is a closed loop which 
includes a first gas chamber comprising a transparent 
anterior plate and a second gas chamber comprising a 
cooling plenum. The first gas chamber is anterior to and 

35 coextensive with the viewable face of the electronic dis­
play. The transparent anterior plate may be set forward 
of the electronic display surface, defining the, depth of 
the first gas chamber. A cooling chamber fan, or equiv­
alent means, is located within the cooling plenum and is 

40 used to propel gas around the isolated gas cooling cham­
ber loop. As the gas traverses the first gas chamber it 
contacts the electronic display surface, absorbing heat 
from the display surface. Because the gas and the rele­
vant surfaces of the first gas chamber are transparent, 

45 the image quality remains excellent. After the gas has 
traversed the transparent first gas chamber, the gas may 
be directed into the rear cooling plenum where it is 
cooled. 
[0009] Another thermal feature may utilize the isolated 

50 gas system as a heating device, either instead of or in 
addition to its cooling abilities. An isolated gas heating 
system would also be a closed loop system with a first 
gas chamber anterior to the display surface and a second 
chamber comprising a heating plenum or cooling/heating 

55 plenum. Heating elements may be placed within the ple­
num in order to heat the gas within the second chamber. 
As the gas is forced into the first chamber it may transfer 
its heat to the display surface. The gas may then return 
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to the plenum for another heating cycle. The plenum may 
function as a cooling plenum only, heating plenum only, 
or a combination heating/cooling plenum; all depending 
upon the particular display and its particular operating 
environment. 5 

[0010] Some embodiments may place electronic com­
ponents used to operate the electronic display within the 
plenum of the isolated gas chamber. The electronic com­
ponents may include, but are not limited to: transformers, 
circuit boards, processors, resistors, capacitors, batter- 10 

ies, motors, power supplies, illumination devices, wiring 
and wiring harnesses, and switches. If the plenum is be-
ing utilized as a cooling plenum, the cool gas within the 
plenum can further aid in the cooling of the electronic 
components, which will naturally generate heat during 15 

operation. Further, if the plenum is being utilized as a 
source of heat for the display, the natural heat from the 
electronic components can also heat the gas in the ple­
num, reducing the amount of energy which needs to be 
applied to the heating elements. 20 

[0011] A linear polarizer may be used in some embod­
iments to further reduce the solar loading on the elec­
tronic display. This polarizer can be used in combination 
with the isolated gas chamber, or may simply be placed 
anterior to the electronic display with an insulating gap 25 

between the polarizer and the display. The insulating gap 
reduces the amount of heat that is transferred between 
the polarizer and the display. 
[0012] The electronic displays suitable for the inven-
tion, such as LCDs for example, require a backlight as- 30 

sembly to produce an image upon the display surface. 
The backlight assemblies are typically a large source of 
heatfor the display. Thus, some embodiments may utilize 
a constricted convection system to cool the backlight unit 
for the display. The constricted convection system may 35 

comprise a constricted convection plate which is placed 
in close proximity to the backlight assembly in order to 
define a gap. Gas is forced through the gap in order to 
facilitate more efficient cooling of the backlight assembly. 
In some embodiments a wall of the plenum may consti- 40 

tute the constricted convection plate. 
[0013] Some examples may also utilize an air curtain 
device which forces air (either warm or cold) over the 
exterior surface of the display assembly. 
[0014] Finally, some examples may use a fluid assem- 45 

bly which contacts a fluid against the display surface in 
order to cool it. The fluid may be a substantially clear 
form of coolant fluid which is pumped through an anterior 
cavity which includes the display surface. 

FIGURE 1 is a perspective view of an exemplary 
arrangement in conjunction with an exemplary elec­
tronic display. 
FIGURE 2 is an exploded perspective view of an 
exemplary embodiment showing components of the 
isolated gas cooling system. 
FIGURE 3 is top plan view of an exemplary embod­
iment of the cooling chamber. 
FIGURE 4 is a front perspective view of an embod­
iment of the isolated cooling chamber, particularly 
the transparent anterior surface of first gas chamber. 
FIGURE 5 is a rear perspective view of an embodi­
ment of the isolated cooling chamber, showing op­
tional electrical components placed in the plenum. 
FIGURE 6 is a rear perspective view of an embodi­
ment of the isolated cooling chamber showing sur­
face features that may be included on the plenum 
FIGURE 7 is a top plan view of an exemplary em­
bodiment of the cooling chamber showing surface 
features that may be included on the plenum. 
FIGURE 8 is a front perspective view of an embod­
iment of the isolated cooling chamber with included 
thermoelectric modules. 
FIGURE 9 is a top plan view of an exemplary em­
bodiment of the cooling chamber with included ther­
moelectric modules. 
FIGURE 10 is an exploded perspective view of an 
exemplary embodiment showing components of the 
isolated gas cooling system. 
FIGURE 11 is a top plan view of an exemplary em­
bodiment of the heating chamber. 
FIGURE 12 is a rear perspective view of an embod­
iment of the heating chamber, showing optional elec­
trical components and heating elements. 
FIGURES 13 and 14 are cross-sectional views of 
exemplary embodiments for utilizing a linear polar­
izer with the isolated gas system. 
FIGURES 15Aand 15B are side views of examples 
of a constricted convection cooling system with a 
constricted convection plate. 
FIGURE 16 is a top plan view of an exemplary em­
bodiment where the cooling plenum is utilized as the 
constricted convection plate. 
FIGURES 17A-17Care cross-sectional views of em­
bodiments where the cooling plenum is utilized as 
the constricted convection plate. 

Detailed Description 

Brief Description of the Drawings 

[0015] A better understanding of the exemplary em­
bodiments 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: 

50 [0016] It is to be understood that the disclosed embod­
iments include thermally controlling displays including, 
but not limited to LCDs. For simple explanation purposes, 
embodiments may be described with respect to the com­
ponents for LCD displays. By way of exam pie and not by 

55 way of limitation, similar arrangements may be used in 
conjunction with displays selected from among LCD, light 
emitting diode (LED), organic light emitting diode 
(OLEO), field emitting display (FED), cathode ray tube 
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(CRT), plasma, and projection displays. Furthermore, 
similar arrangements may be used with displays other 
types including those not yet discovered. In particular, it 
is contemplated that similar arrangements may be well 
suited for use with full color, flat panel OLEO displays. 
Further, it is particularly contemplated that embodiments 
may be used with relatively large, high definition LCD 
displays. While the embodiments described herein are 
well suited for outdoor environments, they may also be 
appropriate for indoor applications ( e.g:. factory environ­
ments, coolers/freezers, etc.) where thermal stability of 
the display may be at risk. 

Isolated Gas Cooling System 

[0017] As shown in FIGURE 1, when the display 10 is 
exposed to outdoor elements, the temperatures inside 
the display 10 may vary greatly without some kind of cool­
ing device. As such, the display 10 may not function prop­
erly or may have a greatly reduced life span. Direct sun­
light is especially problematic in causing increases in the 
internal tern perature of the display 10. 
[0018] In Figure 1, the display area of the electronic 
display shown includes a narrow gas chamber that is 
anterior to and coextensive with the electronic display 
surface. The display shown is also equippec with an op­
tional air curtain device 114. The air curtain device 114 
is discussed in detail below. Optionally, the display may 
have a reflection shield 119, to mitigate reflection of the 
sunlight on the display surface. Additionally, in outdoor 
environments, housing 70 is preferably a color which re­
flects sunlight. 
[0019] As shown in FIGURE 2, an exemplary embod­
iment of the electronic display 10 includes an isolated 
gas cooling chamber 20 contained within a display hous­
ing 70. A transparent first gas chamber is defined by 
spacers 100 and transparent front plate 90. A second 
transparent front plate 130 may be laminated to front 
plate 90 to help prevent breakage of front plate 90 and 
protect the interior of the display. Cooling chamber 20 
surrounds a display stack 80 and associated backlight 
assembly 140. 
[0020] The display 10 includes means for cooling gas 
contained within the second gas chamber. These means 
include one or more fans 60 which may be positioned at 
the base of the display housing 70. The fans 60 ingest 
cool air and force the cooler ingested air over at least 
one external surface of a posterior cooling plenum 45. If 
desired, an air conditioner (not shown) may also be uti­
lized to cool the air which contacts the external surface 
of plenum 45. Alternatively, the fans 60 may simply ingest 
ambient air. 
[0021] Referring to FIGURE 3, embodiments of the iso­
lated gas cooling chamber 20 comprise closed loop 
which includes a first gas chamber 30 and a second gas 
chamber 40. The first gas chamber includes a transpar­
ent plate 90. The second gas chamber comprises a cool­
ing plenum 45. The term "isolated gas" refers to the fact 

that the gas within the isolated gas cooling chamber 20 
is isolated from external air in the housing of the display. 
Because the first gas chamber 30 is positioned in front 
of the electronic display surface 85, the gas should be 

5 substantially free of dust or other contaminates that might 
negatively affect the display image. An optional filter (not 
shown) may be utilized to assist in preventing contami­
nates and dust from entering the first gas chamber 30. 
[0022] The isolated gas may be almost any transparent 

10 gas, for example, normal air, nitrogen, helium, or any 
other transparent gas. The gas is preferably colorless so 
as not to affect the image quality. 
[0023] ln the closed loop configuration shown in Fig. 
3, the first gas chamber 30 is in gaseous communication 

15 with the second gas chamber 40. A cooling chamber fan 
50 is provided within the cooling plenum 45 and utilized 
to propel gas around the isolated gas cooling chamber 
20. The first gas chamber 30 includes at least one front 
glass 90 mounted in front of an electronic display surface 

20 85. 
[0024] Referring to FIGURE 4, the front plate 90 may 
be set forward from the electronic display surface 85 by 
spacing members 100. The spacing members 100 define 
the depth of the narrow channel passing in front of the 

25 electronic display surface 85. The spacing members 100 
may be independent or alternatively may be integral with 
some other component of the device (e.g., integral with 
the front plate 90). The electronic display surface 85, the 
spacing members 100, and the transparent front plate 

30 90 define a first gas chamber 30. The chamber 30 is in 
gaseous communication with plenum 45 through en­
trance opening 110 and exit opening 120. 
[0025] As shown in Fig. 3, a posterior surface of the 
first gas chamber 30 preferably comprises the electronic 

35 display surface 85 of the display stack 80. As the isolated 
gas in the first gas chamber 30 traverses the display it 
contacts the electronic display surface 85. Contacting 
the cooling gas directly to the electronic display surface 
85 enhances the convective heat transfer away from the 

40 electronic display surface 85. In exemplary embodiments 
the electronic display surface 85 comprises the posterior 
surface of the first gas chamber 30. Accordingly, the term 
"electronic display surface" refers to the front surface of 
a typical electronic display (in the absence of the embod-

45 iments disclosed herein). 
[0026] In an exemplary embodiment, the electronic 
display surface 85, front plate 90, and optional second 
front plate 130 may be comprised of a glass substrate. 
However, neither display surface 85, nor transparent 

50 front plate 90, nor optional second transparent front plate 
130 need necessarily be glass. Thus, the term "glass" 
may be usec herein interchangeably with the term plate, 
but a glass material is by no means required. Further, 
electronic display surface 85 does not have to comprise 

55 the posterior surface wall of the front gas compartment 
30. An additional plate may be used. However, by utilizing 
the electronic display surface 85 as the posterior surface 
wall of the gas compartment 30, there may be fewer sur-
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faces to im pact the visible light traveling through the 
display. Furthermore, the device will be lighter and 
cheaper to manufacturer. 
[0027] Although the embodiment shown utilizes the 
electronic display surface 85, certain modifications 
andior coatings (e.g., anti-reflective coatings) may be 
added to the electronic display surface 85, or to other 
components of the system in order to accommodate the 
coolant gas or to improve the optical performance of the 
device. ln the embodiment shown, the electronic display 
surface 85 may be the front glass plate of a liquid crystal 
display (LCD) stack. However, almost any display sur­
face may be suitable for similar arrangements of the 
present cooling system. Although not required, it is pref­
erable to allow the cooling gas in the first gas chamber 
30 to contact the electronic display surface 85 directly. 
In this way, the convective transfer of heat from the dis­
play components to the circulating gas will be maximized. 
[0028] Referring to Fig. 4, the front plate 90 of the first 
gas chamber 30 is transparent and is positioned anterior 
to the electronic display surface 85. The arrows shown 
represent the movement of the isolated gas through the 
first gas chamber 30. As shown, the isolated gas travers­
es the first gas chamber 30 in a horizontal direction. Al­
though cooling system 20 may be designed to move the 
gas in either a horizontal or a vertical direction, it is pref­
erable to propel the gas in a horizontal direction. In this 
way, if dust or contaminates do enter the first gas cham­
ber 30, they will tend to fall to the bottom of chamber 30 
outside of the viewable area of the display. The system 
may move air left to right, or alternatively, right to left. 
After the gas traverses the first gas chamber 30 it exits 
through exit opening 120. Exit opening 120 defines the 
entrance junction into the rear cooling plenum 45. 

tern is used to heat the display, the electronic compo­
nents can assist in heating the isolated gas.) 
[0031] Referring nowto FIGURES 6and 7, various sur­
face features 150 may be added to improve heat dissi-

5 pation from the plenum 45. These surface features 150 
provide more surface area to radiate heat away from the 
gas within the second gas chamber 40. These features 
150 may be positioned at numerous locations on the sur­
face of the plenum 45. 

10 [0032] Referring now to FIGURES 8 and 9, one or more 
thermoelectric modules 160 may be positioned on at 
least one surface of the plenum 45 to further cool the gas 
contained in the second gas chamber 40. The thermoe­
lectric modules 160 may be used independently or in 

15 conjunction with surface features 150. Alternatively, ther­
moelectric modules 160 may be used to heat the gas in 
the plenum if the isolated gas system is utilized to heat 
a display in a cold environment. 
[0033] FIGURE 10 shows an exemplary, method for 

20 removing heat in the gas contained in the rear plenum 
45. Fan 60 is positioned to ingest air and blow that air 
across the anterior and posterior surfaces of the plenum 
45. Again, fan 60 may ingest air conditioned air into the 
display housing 70 or may simply ingest ambient sur-

25 rounding air. Furthermore, in this configuration, fan 60 
may also force air past the heat generating components 
of the electronic display (e.g., the display stack 80 and 
the backlight assembly 140) to further improve the ability 
to cool the entire display. It should be noted that this 

30 embodiment can be combined with the constricted con­
vection cooling method discussed in detail below. The 
heated exhaust air may exit through one or more aper­
tures 179 located on the display housing 70. 

[0029] FIGURE 5 shows a schematic of the rear cool- 35 Isolated Gas Heating System 
ing plenum (illustrated as transparent for explanation). 
One or more fans 50 within the plenum provide the force 
necessary to move the isolated gas through the isolated 
gas cooling chamber. Whereas the first gas chamber 30 
was designed to collect heat from the surface 85 of the 
display, the second gas chamber 40 is designed to ex­
tract the heat from the gas and remove the heat from the 
cooling chamber 20. The second chamber 40 may have 
various contours and features to accommodate the in-
ternal structures within a given electronic display appli­
cation. 
[0030] If desired, various electronic components 200 
can be placed anywhere throughout the second gas 
chamber 40. The electronic components 200 may in­
clude, but are not limited to: transformers, circuit boards, 
processors, resistors, capacitors, batteries, motors, pow­
er supplies, illumination devices, wiring and wiring har­
nesses, and switches. These components can be mount­
ed directly on the walls of the chamber or supported on 

[0034] As mentioned above, the isolated gas system 
can be utilized to also heat the electronic display. Refer­
ring to FIGURES 11 and 12, heating elements 220 may 

40 be located within the second gas chamber40 and operate 
to warm the gas as it passes through the second gas 
chamber 40. These heating elements can be any one of 
the many commonly available heating elements or ther­
moelectric modules. Many times, these elements are 

45 simply a material which contains a high electrical resist­
ance, and thus generates heat when current flows 
through it. The heating elements can be, but are not lim­
ited to, any one of the following: nichrome wire or ribbon, 
screen printed metal/ceramic tracks deposited on ceram-

50 ic insulated metal (generally steel) plates, CalRod (typi­
cally a fine coil of nichrome wire in a ceramic binder, 
sealed inside a tough metal shell), heat lamp, and Pos­
itive Thermal Coefficient (PTC) of resistance ceramic. 

rods or posts. Thus, the cooling plenum can be designed 55 

to not only extract heat from the first gas chamber 30 but 

[0035] As discussed above, the plenum 45 may con­
tain electrical components 200 which power and control 
the electronic display. The electrical components may be 

also to cool these various electronic components 200. 
(Additionally, as discussed below, if the isolated gas sys-

5 

any one of the following: transformers, microprocessors, 
printed circuit boards, power supplies, resistors, capac-
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itors, motors, wiring harnesses, and connectors. The 
electrical connections for the electrical components 200 
may pass through a wall of the plenum 45. The electrical 
components 200 can be located anywhere within the ple­
num 45. The electrical components 200 may be mounted 
on the posterior or anterior surface of the plenum and 
may be mounted directly on the surface of the pie nu m or 
may be suspended by mounting posts so that gas may 
pass all around the component. 
[0036] While the display is operational, the isolated gas 
cooling system may run continuously. However, if de­
sired, a temperature sensor (not shown) and a switch 
(not shown) may be incorporated within the electronic 
display. Thus, a thermostat may be used to detect when 
temperatures have reached a predetermined threshold 
value and the isolated gas system may be selectively 
engaged when the temperature in the display reaches a 
predetermined value. Predetermined temperature 
thresholds may be selected and the system may be con­

figured to heat, cool, or both heat and cool the display to 
advantageously keep the display within an acceptable 
temperature range. 

Linear Polarizer with Optional Insulator Gap 

[0037] FIGURE 13 is a cross-sectional view of another 
exemplary embodiment for another thermal control fea­
ture. In the arrangement shown, the front plate 90 and a 
second front plate 130 may be comprised of glass and 

204. In other embodiments, the anti-reflective coating 
may only be applied to at least one of the first, second, 
third, or fourth surface 202, 208, 209, and 204, respec­
tively. 

5 [0039] FIGURE 14 is a cross-sectional view of another 
exemplary embodiment of the front glass unit 206. In the 
arrangement shown, the front glass unit 206 comprises 
a second front plate 130, a layer of index matched optical 
adhesive 201, a linear polarizer 400, and a firstfront plate 

10 90. The linear polarizer 400 may be bonded to at least 
one of the first, second, third or fourth surfaces 202, 208, 
209, and 204, respectively. Again, anti-reflective layers 
may be applied to at least one of the first, second, third 
or fourth surfaces 202, 208, 209, and 204, respectively. 

15 The linear polarizer 400 may be aligned with the front 
polarizer 209 found in the LCD stack 85. The inclusion 
of a linear polarizer 400 in the front glass unit 206, further 
decreases the solar load on the display stack 80. The 
reduction in solar loading may significantly reduce the 

20 internal temperature of the electronic display. The linear 
polarizer 400 may also cause a reduction in specular 
reflection of the front glass unit 206 and the display stack 
80. As discussed above, in combination with the isolated 
gas system, the insulator gap 301 comprises the first gas 

25 chamber 30. Again, it should be noted that the display 
stack 80 may be an LCD stack, but it can also be any 
other type of electronic display. 
[0040] It should also be noted that the second front 
plate 130 is not required. Embodiments may utilize only 

may be laminated together. The first and second front 30 the first front plate 90 with a linear polarizer attached to 

panels 130 and 90 may be fixed to one another with a 
layer of index matched optical adhesive 201 to form a 
front glass unit 206. The display stack 80 may comprise 
a liquid crystal assembly 212 interposed between a front 
polarizer 216 and a rear polarizer 214. In other embodi­
ments, the display stack 80 may be any other type of 
assembly for any other type of electronic display. The 
space between the display stack 80 and the front glass 
unit 206 defines an insulator gap 301. The insulator gap 
301 serves to thermally separate the front glass unit 206 
from the LCD stack 80. This thermal separation localizes 
the heat on the front glass unit rather than allowing solar 
loading of the LCD stack. In combination with the isolated 
gas system, the insulator gap 301 comprises the first gas 
chamber 30. 
[0038] The second front panel may have a first surface 
202 and a second surface 208. The first surface 202 may 
be exposed to the elements; while the second surface 

208 may be fixed to the first front plate 90 by the index 
matched optical adhesive 201. The first front plate 90 
may have a third surface 209 and a fourth surface 204. 

either the posterior or anterior surface of the front plate 
90. An anti-reflective layer may also be attached to either 
the anterior or posterior surface of the front plate 90. The 
front plate 90 may be tempered for additional strength if 

35 using only the front plate 90without the second front plate 
130. 

Constricted Convection 

40 [0041] The types of electronic displays in accordance 
with the present invention require a backlight assembly 
in order to generate an image upon a viewable screen. 
LCDs are one type of display that requires a backlight 
assembly. Other types of displays, such as plasma dis-

45 plays and OLEDs, do not require a backlight assembly 
as they generate light themselves. However, these types 
of displays still generate a significant amount of heat. 
Thus, in the following description, a constricted convec­

tion system will be described with regard to a backlight 
50 assembly, but it should be noted that similar arrange­

ments can be practiced with other types of displays. 
Therefore, when a backlight or backlight assemblies are 
discussed, these backlight assemblies could also be the 

The third surface 209 may be fixed to the second front 
plate 130 by the index matched optical adhesive 201; 
while the fourth surface may be directly adjacent to the 
insulator gap 301. In some embodiments, to decrease 55 

the solar loading of the display stack 80 and improve the 
viewable image quality, an anti-reflective coating may be 
applied to the first surface 202 and the fourth surface 

rear surfaces of other heat-generating displays and the 

constricted convection system would facilitate more effi­
cient cooling of these alternate displays. It should also 
be noted that Figures 15A-15B and Figures 17A-17C are 
not necessarily drawn to scale. The relationship between 
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the elements may be exaggerated for explanatory pur­
poses. 
[0042] FIGURE 15A shows a cross-sectional view of 
the backlight 140 with a constricted convection plate 300, 
the space between the two features defines a narrow gap 
305. The dimensions of the gap may vary depending on 
several factors including the size of the display, its oper­
ating conditions, the type of backlight assembly and its 
posterior surface material, and the number and power 
applied to the various constricted convection fans. Some 
examples may utilize a gap distance of approximately 
0.25-3.5 inches. Other examples may utilize a slightly 
larger gap. It has been found that forcing air through this 
gap 305 increases the ability to cool the backlight 140. 
One or more constricted convection fans 310 may be 
used to pull air through the gap 305. FIGURE 15B shows 
a cross-sectional view of another example for the con­
stricted convection system where one or more constrict­
ed convection fans 310 push air through the gap 305. 
[0043] FIGURE 16 shows a top view of the isolated 
gas system as discussed above. The cross-section line 
17-17 is shown passing through the isolated gas system. 
[0044] FIGURES 17A-17C show cross-sectional 
views of the 17-17 section that is shown in Figure 16. 
Referring first to Figure 17 A, towards the front of the dis­
play is the first gas chamber 30 which abuts against the 
electronic display 80. Anterior to the first gas chamber 
30 is the front plate 90. Towards the rear of the display, 
the backlight 140 is placed in close proximity to the sec­
ond gas chamber 40. In this arrangement, the outer wall 
of the second gas chamber 40 may function as the con­
stricted convection plate. This arrangement does not uti­
lize a constrictive convection fan, but instead uses the 
fan 60 which ingest air from outside the display housing 
and forces it over the surfaces of the second gas chamber 
40. As noted above, this air may simply be ambient air 
or alternatively this air may come from a conditioning unit 
(not shown). To facilitate the flow of air between the back­
light 140 and the cooling chamber 40, a guiding device 
320 may be used. 
[0045] Referring now to Figure 17B, the cooling cham­
ber 40 contains a guiding feature 41, which is used in 
combination with the guiding device 320 to facilitate the 
flow of air between the backlight and the cooling cham­
ber. Figure 17C shows an embodiment, where both the 
external fan 60 and the constrictive convection fan 310 
is used. This embodiment could also utilize a version of 
the guiding devices shown in Figures 17A and 17B. 
[0046] The backlight 140 may comprise a printed cir­
cuit board (PCB) with a plurality of lights mounted to the 
side facing the electronic display 80. The lights in the 
backlight may be any one of the following: LED's, organic 
light emitting diodes (OLEO), field emitting display (FED), 
light emitting polymer (LEP), or organic electro-lumines­
cence (OEL) lights. In an exemplary embodiment, the 
backlight 140 would ideally have a low level of thermal 
resistance between the side facing the electronic display 
80 and the side facing the second gas chamber. To ac-

complish this low level of thermal resistance, the back­
light 140 may be built using metal printed circuit board 
(PCB) technology to further transfer heat away from the 
lights. The rear surface of the backlight 140 may also be 

5 metallic, or some other thermally conductive material, to 
further enhance the convective heat transferring proper­
ties. The surface may even have a plurality of surface 
features such as fins to further enhance the convective 
heat transferring properties. The constrictive convective 

10 fan 310 may then send the warm air out of an exhaust 
179 (shown in Figure 2) so that it may exit the display 
housing entirely. 
[0047] While the display is operational, the external fan 
60 and the constrictive convection fan 31 O may run con-

15 tinuously. However, if desired, a temperature sensor (not 
shown) and a switch (not shown) may be incorporated 
within the electronic display. This effective thermostat 
may be used to detect when temperatures have reached 
a predetermined threshold value. In such a case, the var-

20 ious fans may be selectively engaged when the temper­
ature in the display reaches a predetermined value. Pre­
determined thresholds may be selected and the system 
may be configured with a thermostat (not shown) to ad­
vantageously keep the display within an acceptable tem-

25 perature range. This would save on both energy costs 
as well as the useful lifetime of the devices. 
[0048] It should be noted, that an air curtain, which is 
not part of the claimed invention, can be practiced with 
any type of electronic display and with any combination 

30 of the thermal control features described above. Various 
internal features (not shown) may be placed within a cav­
ity to direct the air towards the baffles 114. The ingested 
air may continue through the cavity until it reaches the 
baffles which may direct the air against the exterior dis-

35 play surface. This exterior surface may be the first front 
plate 90, or alternatively, any of the additional front plates 
which are described in detail above (ex. second front 
plate 130). 
[0049] Thus, the air curtain can be used as an exhaust 

40 for the cooling of internal components of the display. Al­
ternatively, the cool air from the air curtain can be used 
to further cool the exterior front surface of the display 
which may be subjected to significant solar loading or 
heat transfer from ambient hot air. 

45 [0050] Another thermal control feature, which is not 
part of the claimed invention, may comprise a cooling 
system which includes various components in fluid com­
munication. Preferably, this may be accomplished by 
connecting the components with a series of tubes or 

50 pipes. The cooling system components include a reser­
voir tank, a pump, and a cooling chamber in fluid com­
munication. Preferably, the system also includes a filter 
and a radiator, also in fluid communication. Optionally, 
the system may also include a fan unit. However, the 

55 optional fan unit is preferably not in fluid communication 
with the other components. 

7 

[0051] As one skilled in the art will appreciate, other 
methods and devices may also be used to regulate the 
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flow through a cooling chamber. For example, the size 
and pump speed of the pump may be optimized for a 
given application. Alternatively, a variable speed pump 
may also be used. Preferably, the variable speed pump 
may be in electrical communication with at least one pres- 5 

sure transducer (not shown). Preferably, a pressure 
transducer may be placed upstream of the cooling cham-
ber and another pressure transducer may be placed 
downstream of the cooling chamber. The pressure infor­
mation provided by the at least one pressure transducer 10 

may be utilized to set the operating speed of the variable 
speed pump. In that way, the flow rate through the cooling 
chamber may be adjusted to maintain appropriate pres­
sures in the device. Maintaining appropriate pressures 
in the cooling chamber is important for preventing defor­
mation or breakage of the display glass. 
[0052] An optional filter may be added to remove con­
tamination in the fluid. Preferably, a radiator and fan unit 
may also be included to provide even greater thermal 
stability. Optionally, a spigot (not shown) may be provid­
ed to facilitate the process of filling and emptying the 
coolant fluid from the system. 

15 

20 

25 

2. 

3. 

4. 

said second gas chamber (40) having interior 
and exterior surfaces, wherein the gas within the 
isolated gas cooling chamber (20) is isolated 
from external air; 
one or more chamber fans (50) within said sec­
ond gas chamber (40) to propel gas around the 
first and second gas chambers; and character­
ized by 
one or more fans (60) adapted to force air over 
at least one exterior surface of the second gas 
chamber (40) and between the backlightassem­
bly (140) and an exterior surface of the second 
gas chamber (40). 

The system of claim 1, further comprising: 

one or more of the electronic components (200) 
for operating the display stack (80), contained 
within said second gas chamber (40). 

The system of claim 1, further comprising: 

one or more heating elements (220) within the 
second gas chamber (40). 

The system of any one of claims 1 to 3, further com-
prising: 

a linear polarizer (400) placed anterior to said 

[0053] If desired, fan units may be located at the base 
of the housing just behind the cooling chamber of display. 
Fan units may provide a laminar flow of air through the 
interior of the housing. Preferably, the airflow will be di­
rected across at least one external surface of reservoir 
tank. As described above, the air exhaust flow may ulti­
mately be redirected onto the cooling chamber surface 
by way of an optional air curtain system. 30 display surface (85). 
[0054] If desired, a temperature sensor (not shown) 
and a switch ( not shown) may be incorporated within the 
electronic display. The temperature sensor may be used 

5. The system of any one of claims 1 to 4, wherein: 

said exterior surface of the second gas chamber to detect when temperatures have reached a predeter­
mined threshold value. In such a case, the pump can be 
selectively engaged when the temperature in the display 
meets a predetermined value. Predetermined thresholds 
may be selected and the system may be configured with 

35 (40) is in close proximity to the rear surface of 
said backlight assembly (140); and comprising 

a thermostat (not shown) to advantageously keep the 
display at a relatively constant temperature, or at least 40 

within a range of acceptable temperatures. Alternatively, 
to avoid the need for a thermostat, the pump may run 
continuously when the electronic display is operational. 

Claims 

45 

one or more additional constricted convection 
fans (310) adapted to draw air between the ex­
terior surface of the second gas chamber (40) 
and the rear surface of said backlight assembly 
(140). 

6. The system of claim 1 further comprising: 

a plurality of surface features ( 150) on the exte­
rior surfaces of the second gas chamber (40). 

7. The system of claim 4, further comprising: 1. A thermal control system for a display stack (80) hav­
ing a display surface (85) and for a backlight assem­
bly (140), the system comprising: 50 a first front plate (90) and second front plate 

(130) surrounding the linear polarizer (400). 
an isolated gas cooling chamber (20) compris­
ing a closed loop having a first gas chamber (30) 
positioned anterior to the display surface (85), 
and a second gas chamber (40) in gaseous com- 55 

munication with an entrance (110) and an exit 
(120) of said first gas chamber (30) and posi­
tioned posterior to the backlight assembly (140), 

8 

8. A method for thermally controlling a display stack 
(80) having a display surface (85) and a backlight 
assembly (140), comprising the steps of: 

providing an isolated gas system having an iso­
lated gas cooling chamber (20) comprising a 
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closed loop having a first gas chamber (30) 
which includes the display surface (85), and a 
second gas chamber (40) in gaseous commu­
nication with said first gas chamber (30); where-
in the gas within the isolated gas cooling cham- 5 

ber (20) is isolated from external air, the second 
gas chamber (40) having exterior surfaces and 
placed adjacent to the rear surface of the back­
light assembly (140); 
forcing isolated gas into the first gas chamber 10 

(30); 
directing the isolated gas into the second gas 
chamber (40); 
characterized by forcing cooling gas over at 

16 

nung (140) positioniert ist, wobeidiezweite Gas­
kammer (40) inners und aur..ere Oberflachen 
aufweist, wobei das Gas innerhalb der isolierten 
Gaskuhlkammer (20) gegenuber externer Luft 
isoliert ist; 
ein oder mehrere Kammergeblase (50) inner­
halb der zweiten Gaskammer (40), um Gas um 
die erste und zweite Gaskammer herum zu be­
wegen; und gekennzeichnet durch 
einen oder mehrere Lutter (60), die dazu aus­
gelegt sind, Luft uber mindestens eine aur..ere 
Oberflache der zweiten Gaskammer (40) und 
zwischen der Hintergrundbeleuchtungsanord­
nung (140) und einer aur..eren Oberflache der 

least one exterior surface of the second gas 15 zweiten Gaskammer (40) zwangsweise zu for-
chamber (40) and between the rear surface of dern. 
the backlight assembly (140) and an exterior 
surface of the second gas chamber (40) by one 2. System nach Anspruch 1, das weiterh in aufweist: 
or more fans (60); 
a~ m 
reintroducing the isolated gas into the first gas 
chamber (30). 

eine oder mehrere der elektronischen Kompo­
nenten (200) fur den Betrieb des Anzeigestapels 
(80), die innerhalb der zweiten Gaskammer (40) 
enthalten sind. 

9. The method of claim 8, further comprising the step of: 
25 3. System nach Anspruch 1, das weiterh in aufweist: 

heating the isolated gas within the second cham-
ber (40) if heating is desired. ein oder mehrere Heizelemente (23) innerhalb 

der zweiten Gaskammer (40). 
10. The method of one of claims 8 and 9, further com-

prising the steps of: 30 4. System nach einem beliebigen der Anspruche 1 bis 
3, das weiterhin umfasst: 

providing said exterior surface of the second gas 
chamber (40) is in close proximity to the back- einen linearen Polarisator (400), der var der An-
light assembly (140), the area between the ex- zeigeoberflache (85) angeordnet ist. 
terior surface of the second gas chamber (40) 35 

and the backlight assembly (140) defining a gap 5. System nach einem beliebigen der Anspruche 1 bis 
(305); and 4, wobei: 
drawing air through said gap (305) in order to 
cool the posterior portion of the backl ig ht ass em- die aur..ere Oberflache der zweiten Gaskammer 
bly (140) by additional constricted convection 40 ( 40) sich in enger Nachbarschaft zu der ri.icksei-
fans (310). tigen Oberflache der Hintergrundbeleuchtungs-

anordnung (140) befindet; und das aufweist: 
einen oder mehrere zusatzliche Lufter (310) mit 

Patentanspriiche begrenzter Konvektion, die dazu ausgelegt sind, 
45 Luft zwischen der aur..eren Oberflache der zwei-

1. Thermisches Steuersystem fur einen Anzeigestapel ten Gaskammer ( 40) und der rlickseitigen Ober-
(80), der eine Anzeigeoberflache (85) aufweist, und flache der Hintergrundbeleuchtungsanordnung 
fur eine Hintergrundbeleuchtungsanordnung (140), (140) anzusaugen. 
wobei das System umfasst: 

50 6. System nach Anspruch 1, das weiterh in umfasst: 
eine isolierte Gaskuhlkammer (20), die einen 
geschlossenen Kreislauf aufweist, der eine ers- eine Mehrzahl van Oberflachenmerkmalen 
te Gaskammer (30), die var der Anzeigeoberfla- ( 150) auf den au Beren Oberflachen der zweiten 
che (85) positioniert ist, und eine zweite Gas- Gaskammer (40). 
kammer (40) aufweist, die in gasformiger Korn- 55 

munikation mit einem Einlass (110) und einem 7. System nach Anspruch 4, das weiterhin umfasst: 
Auslass (120) der ersten Gaskammer (30) steht 
und hinter der Hintergrundbeleuchtungsanord- eine erste Frontplatte (90) und eine zweite 

9 
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Frontplatte (130), die den linearen Polarisator 
(400) umgeben. 

tion. 

8. Verfahren fur die thermische Steuerung eines An- Revendications 
zeigestapels (80), der eine Anzeigeoberflache (85) 5 

und eine Hintergrundbeleuchtungsanordnung (140) 
aufweist, das die Schritte umfasst: 

Bereitstellen eines isolierten Gassystems, das 
eine isolierte Gaski.ihlkammer (20), die einen 10 

geschlossenen Kreislauf aufweist, der eine ers-
te Gaskammer (30), die die Anzeigeoberflache 
(85) aufweist, und eine zweite Gaskammer (40) 
umfasst, die in gasformiger Kommunikation mit 
der ersten Gaskammer (30) steht; wobei das 15 

Gas innerhalb der isolierten Gaski.ihlkammer 
(20) gegen0ber externer Luft isoliert ist, und die 
zweite Gaskammer (40) aur..ere Oberflachen 
aufweist und benachbart zu der ri.ickseitigen 
Oberflache der Hintergrundbeleuchtungsan- 20 

ordnung (140) platziert isl; 
zwangsweises Fordern van isoliertem Gas in die 
erste Gaskammer (30); 
Richten des isolierten Gases in die zweite Gas-
kam mer (40); 25 

gekennzeichnet durch das zwangsweise For­
dern van ki.ihlendem Gas i.iber mindestens eine 
aur..ere Oberflache der zweiten Gaskammer 
(40) und zwischen der 
hinteren Oberflache der Hintergrundbeleuch- 30 

tungsanordnung (140) und einer aur..eren Ober­
flache der zweiten Gaskammer (40) durch ein 
oder mehrere Geblase (60); und 
erneutes EinfOhren des isolierten Gases in die 

1. Systeme de regulation thermique pour un empile­
ment d'affichages (80) ayant une surface d'affichage 
(85) et pour un ensemble de retroeclairage (140), le 
systeme comprenant: 

une chambre de refroidissement a gaz isole (20) 
comprenant une boucle fermee ayant une pre­
miere chambre a gaz (30) positionnee avant la 
surface d'affichage (85) et une seconde cham­
bre a gaz (40) en communication gazeuse avec 
une entree (110) et une sortie (120) de ladite 
premiere chambre a gaz (30) et position needer­
riere !'ensemble de retroeclairage (140), ladite 
seconde chambre a gaz (40) ayant des surfaces 
interieure et exterieure, dans lequel gaz a l'inte­
rieur de la chambre de refroidissement a gaz 
isole (20) est isole de l'air exterieur ; 
une ou plusieurs ailettes de chambre (50) a l'in­
terieur de ladite seconde chambre a gaz (40) 
pour propulser le gaz autour des premiere et 
seconde chambres a gaz ; et caracterise par : 

un ou plusieurs ventilateurs (60) adaptes 
pour forcer l'air sur au mains une surface 
exterieure de la seconde chambre a gaz 
(40) et entre !'ensemble de retroeclairage 
( 140) et une surface exterieure de la secon­
de chambre a gaz (40). 

erste Gaskammer (30). 35 2. Systeme selon la revendication 1, comprenant en 

9. Verfahren nach Anspruch 8, das weiterhin den 
Schritt umfasst: 

Erwarmen des isolierten Gases innerhalb der 40 

zweiten Kammer (40), falls eine Erwarmung ge­
wi.inscht ist. 

outre: 

un ou plusieurs des composants electroniques 
(200) pour actionner l'empilement d'affichages 
(80) contenus a l'interieur de ladite seconde 
chambre a gaz (40). 

3. Systeme selon la revendication 1, comprenant en 
10. Verfahren nach einem der Anspr0che 8 und 9, das outre: 

weiterhin die Schritte umfasst: 

Bereitstellen der aur..eren Oberflache der zwei­
ten Gaskammer (40) derart, dass sie sich in en-

45 

un ou plusieurs elements chauffants (220) a l'in­
terieur de la seconde chambre a gaz (40). 

4. Systeme selon l'une quelconque des revendications ger Nachbarschaft zu der Hintergrundbeleuch­
tungsanordnung (140) befindet, wobei die Fla­
che zwischen der aur..eren Oberflache der zwei-

50 1 a 3, comprenant en outre : 

ten Gaskammer (40) und der Hintergrundbe­
leuchtungsanordnung (140) einen Spalt (305) 
definiert; und 
Einsaugen von Luft durch den Spalt (305) fur 55 

eine Ki.ihlung des hinteren Abschnitts der Hin­
tergrundbeleuchtungsanordnung (140) durch 
zusatzliche Li.ifter (310) mit begrenzter Konvek-

10 

un polariseur lineaire (400) place devant ladite 
surface d'affichage (85). 

5. Systeme selon l'une quelconque des revendications 
1 a 4, dans lequel : 

ladite surface exterieure de la seconde chambre 
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a gaz (40) est a proximite immediate de la sur­
face arriere dudit ensemble de retroeclairage 
(140); et comprenant: 

un ou plusieurs ventilateurs de convection 
etroits supplementaires (310) adaptes pour 
aspirer l'air entre la surface exterieure de la 
seconde chambre a gaz (40) et la surface 
arriere dudit ensemble de retroeclairage 

9. Procede selon la revendication 8, comprenant en 
outre l'etape consistant a : 

faire chauffer le gaz isole a l'interieur de la se-
5 con de chambre (40) si le chauffage est souhaite. 

10. Procede selon l'une des revendications 8 et 9, com­
prenant en outre les etapes consistant a : 

(140). 10 prevoir ladite surface exterieure de la seconde 
chambre a gaz (40) a proximite immediate de 
!'ensemble de retroeclairage (140), la zone en­
tre la surface exterieure de la seconde chambre 
a gaz (40) et !'ensemble de retroeclairage (140) 
definissant un espace (305) ; et 

6. Systeme selon la revendication 1, comprenant en 
outre: 

une pluralite de caracteristiques de surface 
(150) sur les surfaces exterieures de la seconde 
chambre a gaz (40). 

7. Systeme selon la revendication 4, comprenant en 
outre: 

une premiere plaque avant (90) et une seconde 
plaque avant (130) entourant le polariseur Ii-
neaire (400). 

8. Procede pour reguler thermiquement un em pilement 
d'affichages (80) ayant une surface d'affichage (85) 
et un ensemble de retroeclairage ( 140), comprenant 
les etapes consistant a : 

prevoir un systeme a gaz isole ayant une cham-
bre de refroidissement a gaz isole (20) com pre-
nant une boucle fermee ayant une premiere 
chambre a gaz (30) qui comprend la surface 
d'affichage (85) et une seconde chambre a gaz 
(40) en communication gazeuse avec ladite pre-
miere chambre a gaz (30) ; dans lequel le gaz 
a l'interieur de la chambre de refroidissement a 
gaz isole (20) est isole de l'air exterieur, la se-
conde chambre a gaz (40) ayant des surfaces 
exterieures et placee de maniere adjacente a la 
surface arriere de !'ensemble de retroeclairage 
(140); 
forcer le gaz isole dans la premiere chambre a 
gaz (30); 
diriger le gaz isole dans la seconde chambre a 
gaz (40); 
caracterise par l'etape consistant a forcer le 
gazde refroidissementsurau mo ins une surface 
exterieure de la seconde chambre a gaz (40) et 
entre la surface arriere de !'ensemble de retro-
eclairage (140) et une surface exterieure de la 
seconde chambre a gaz (40) par un ou plusieurs 
ventilateurs (60) ; 
et 
reintroduire le gaz isole dans la premiere cham-
bre a gaz (30). 

15 

20 

25 

30 

35 

40 

45 

50 

55 

11 

aspirer l'air par !edit espace (305) afin de faire 
refroidir la partie posterieure de !'ensemble de 
retroeclairage ( 140) par des ventilateurs de con­
vection etroits supplementaires (310). 
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Description 

[0001] This application claims the benefit of earlier fil­
ing date and right of priority to Korean Application No. 
10-2013-0052372, filed on May 9, 2013, the contents of 
which are hereby incorporated by reference herein in 
their entirety. 

BACKGROUND OF THE DISCLOSURE 

Field of the Disclosure 

[0002] The present invention relates to a slim-de­
signed digital signage that may emit the heat generated 

air flow in the inner space of the case, and both ends of 
the second grooves are in communication with the out­
side via a hole formed in the case to flow external air 
there through. 

5 [0007] The first grooves and the second grooves may 
be formed of one metallic plate that is folded. 
[0008] The first groove and second groove may have 
a cross section that has at least one of triangular, trape­
zoidal, rectangular and semicircular shapes. 

10 [0009] At least one of the first and second support pan­
els may have the grooves toward one surface that are 
relatively larger than the grooves toward the other sur­
face. 
[0010] At least one of the first support panel and the 

in a display panel and a driving circuit board. 15 second support panel has the grooves toward one sur-
face and the grooves toward the other surface that are 

Discussion of the Related Art large symmetrically. 
[0011] The digital signage may further include a sep-

[0003] Recently,adigitalsignagethatprovidesvarious aration plate disposed between the first support panel 
contents and messages via a display panel has been 20 and the second support panel. 
used as opposed to a hardware media as a signboard [0012] The digital signage may further include a back 
and a poster for outdoor advertisement. With rapid de­
velopment of intelligent digital video devices based on 
LCDs or LEDs, demands for such digital signage have 

plate formed between a rear surface of the second sup­
port panel and the driving circuit board. 
[0013] The digital signage may further include a first 

been increasing recently. 25 cooling fan provided in the case configured to induce air 
inside the case along the first grooves. 

SUMMARY OF THE DISCLOSURE [0014] The digital signage may further include a sec­
ond cooling fan to induce external air along the second 

[0004] To overcome the disadvantages, an object of grooves. 
the present invention is to a digital signage having a slim 30 [0015] The first grooves may be formed in a horizontal 

direction and the second grooves may be formed in a 
vertical direction. 
[0016] The case may further include a glass spaced 
apart a predetermined distance from a front surface of 

design that is able to exhaust the heat generated from a 
display panel and a driving circuit board effectively. 
[0005] Additional advantages, objects, and features of 
the disclosure will be set forth in part in the description 
which follows and in part will become apparent to those 
having ordinary skill in the art upon examination of the 
following or may be learned from practice of the invention. 
The objectives and other advantages of the invention 
may be realized and attained by the structure particularly 

35 the display panel; and an air curtain formed between the 
glass and the front surface of the display panel to make 
air flow in an orthogonal direction with respect to the first 
grooves, and both ends of the air curtain may be con-

pointed out in the written description and claims hereof 40 

as well as the appended drawings. 
[0006] To achieve these objects and other advantages 
and in accordance with the purpose of the invention, as 
embodied and broadly described herein, a digital signage 
includes a display panel; a first support panel coupled to 45 

a rear surface of the display panel, the first support panel 
comprising a plurality of first grooves formed in one di­
rection; a second support panel coupled to a rear surface 
of the first support panel, the second support panel com­
prising a plurality of second grooves formed in an orthog- 50 

onal direction with respect to the first grooves; a driving 
circuit board provided in a rear surface of the second 
support panel to control driving of the display panel; and 
a case comprising the display panel arranged in one sur­
face thereof and an inner space where the first support 55 

panel, the second support panel and the driving circuit 
board are mounted, wherein both endsofthefirstgrooves 
are open toward the inner space of the case to induce 

2 

nected to both ends of the second grooves. 
[0017] The digital signage may further include a filter 
provided in an inlet where external air is drawn into the 
air curtain. 
[0018] The first grooves may be formed in a vertical 
direction and the second grooves are formed in a hori­
zontal direction. 
[0019] The case further include a glass spaced apart 
a predetermined distance from a front surface of the dis­
play panel; and an air curtain formed between the glass 
and the display panel to make air flow in a parallel direc-
tion with respect to the first grooves. 
[0020] A plurality of first or second support panels may 
be provided. 
[0021] In another aspect, a digital signage includes a 
pair of display panels; a pair of first support panels cou­
pled to rear surfaces of the display panels, respectively, 
the pair of the first support panels comprising a plurality 
of first grooves formed in one direction, respectively; a 
pair of second support panels coupled to rear surfaces 
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of the first support panels, respectively, the pair of the 
second support panels comprising a plurality of second 
grooves formed in an orthogonal direction with respect 
to the first grooves; a case comprising one surface where 

FIG. 3 is a perspective diagram illustrating a first or 
second support panel according to one embodiment 
provided in the digital signage; 

one of the display panels is arranged and the other sur- 5 

FIG. 4 is a sectional diagram of A-A' shown in FIG. 1; 
FIG. 5 is a sectional diagram of B-B' shown in FIG. 1; 
FIG. 6 is a sectional diagram of C-C' shown in FIG. 1; 
FIG. 7 is a sectional diagram of E-E' shown in FIG. 1; 
FIG. 8 is a sectional diagram longitudinally illustrat­
ing a digital signage according to another embodi­
ment of the present invention; 

face where the other display panel is arranged and an 
inner space where the pair of the first support panels and 
the pair of the second support panels are mounted; and 
a driving circuit board provided between the pair of the 
second support panels to control driving of the display 10 

panels, wherein both ends of the first grooves are open 
toward the inner space of the case to induce air flow in 

FIG. 9 is a sectional diagram longitudinally illustrat­
ing a digital signage according to a further embodi­
ment of the present invention; the inner space of the case, and both ends of the second 

grooves are in communication with the outside via a hole 
formed in the case to flow external air there through. 15 

FIG. 1 0 is a sectional diagram horizontally illustrating 
a digital signage according to the embodiment of the 
present invention; [0022] The case may further include a pair of glasses 

spaced apart a predetermined distance from front sur­
faces of the display panels, respectively; and a pair of air 
curtains formed between the glasses and the front sur­
faces of the display panels, respectively, to make air flow 20 

in an orthogonal direction with respect to the first grooves, 

FIG. 11 is a sectional diagram longitudinally illustrat­
ing a digital signage according to a still further em­
bodiment of the present invention; 
FIG. 12 is a sectional diagram horizontally illustrating 
a digital sign age according to the embodiment of the 
present invention; and and both ends of the air curtains are connected to both 

ends of the second grooves. 
[0023] The digital signage may further include a filter 
provided in an inlet formed in each of the air curtains to 25 

draw external air therein. 

FIG. 13 is a sectional diagram longitudinally illustrat­
ing a digital signage according to a still further em­
bodiment of the present invention; 

[0024] The first grooves and the second grooves may 
be formed of one metallic plate that is folded, and the 
first groove and second groove may have a cross section 
that has at least one of triangular, trapezoidal, rectangu­
lar and semicircular shapes. 
[0025] According to at least one of the embodiments 
described above, the support structure of the display pan-
el may be used in exhausting the heat generated in the 
display panel and the circuit board effectively. 
[0026] Furthermore, no auxiliary passage is formed for 
heat radiation or no filter member is provided such that 
the size of the digital signage cannot be increased least. 
Accordingly, a slim-designed digital signage can be re­
alized and the number of the members can be reduced 
such that the manufacture cost and the number of man-
ufacture processes can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The accompanying drawings, which are includ­
ed to provide a further understanding of the invention and 
are incorporated in and constitute a part of this applica­
tion, illustrate embodiments of the invention and together 
with the description serve to explain the principle of the 
invention. In the drawings: 

FIG. 1 is a perspective diagram illustrating an exte­
rior appearance of a digital signage according to one 
embodiment of the present invention; 
FIG. 2 is an exploded perspective diagram illustrat­
ing an interior structure of the digital signage accord­
ing to the embodiment of the present invention; 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0028] Referring to the accompanying drawings, a dig-
30 ital signage according to embodiments will be described 

in detail as follows. It will be understood that when an 
element is referred to as being 'on' or 'under' another 
element, it can be directly on/under the element, and one 
or more intervening elements may also be present. When 

35 an element is referred to as being 'on' or 'under', 'under 
the element' as well as 'on the element' can be included 
based on the element. 
[0029] FIG. 1 is a perspective diagram illustrating an 
exterior appearance of a digital signage according to one 

40 embodiment of the present invention. As shown in FIG. 
1, the digital signage 100 includes a display panel 120 
arranged on a front surface thereof and a case 110 having 
various components arranged therein. In this embodi­
ment, the display panel 120 may be provided only in the 

45 front surface of the digital signage. However, in other 
embodiments which will be described later, the display 
panel 120 may be provided in each of front and rear sur­
faces. 
[0030] FIG. 2 is an exploded perspective diagram il-

50 lustrating an interior structure of the digital signage ac­
cording to the embodiment of the present invention. FIG. 
2 shows key components arranged in the case 11 0 
shown in FIG. 1. In the case 110 may be arranged the 
display panel 120 exposed to a front surface of the case 

55 110 and a first support panel 130, a second support panel 
140, a driving circuit board 150 and a cooling fan 160 
that are provided behind a rear surface of the display 
panel 120. 
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[0031] The display panel 120 may include at least one 
of a liquid crystal display (LCD), a thin film transistor­
liquid crystal display (TFT LCD), an organic light-emitting 
diode (OLEO), a flexible display and a 3D display. 
[0032] The display panel 120 may consist of thin films 
or thin-film type plate members disposed sequentially 
and it has a disadvantage of warping easily. To prevent 
such panel warp, a support panel having a predetermined 
rigidity may be used and a metallic material having a high 
rigidity such as iron may be used. However, as the size 
of the display panel is getting larger in the digital signage 
100, it is difficult to prevent the warp even in case of using 
a high rigidity material. 
[0033] Accordingly, grooves 131 and 141 may be 
formed in the support panels 130 and 140 configured to 
support the rear surface of the display panel 120 so as 
to enhance a resistance to the warp. Especially, the 
grooves 131 and 141 orthogonal to each other are formed 
in the two support panels 130 and 140, respectively. As 
shown in FIG. 2, the first support panel 130 has a plurality 
of first grooves 131 formed in a predetermined direction 
and the second support panel 140 has a plurality of sec­
ond grooves 141 formed in an orthogonal direction with 
respect to the direction of the first grooves 131. 
[0034] The grooves formed only in one direction may 
be highly resistant to warp in one direction but insuffi­
ciently resistant to warp in the orthogonal direction. Ac­
cordingly, the first grooves 131 and the second grooves 
141 orthogonal to each other may be provided to enhance 
a supporting force that acts to resist to the warp in all 
directions. 
[0035] In this embodiment, the first grooves 131 may 
be longitudinally formed in a horizontal direction and the 
second grooves 141 may be longitudinally formed in a 
vertical direction. However, the embodiment is not limited 
thereto and the first grooves 131 may be longitudinally 
formed in a vertical direction and the second grooves 141 
ma be longitudinally formed in a horizontal direction. 
[0036] A deck plate formed of one metallic plate that 
is folded or bent may be used as each of the first support 
panel 130 and the second support panel 140. A corru­
gation-shaped deck plate in which grooves having a sem­
icircular cross section are serially formed as shown in 
FIG. 2 may be used. Alternatively, a deck plate in which 
grooves having a trapezoidal cross section are serially 
formed as shown in FIG. 3 (a) or a deck plate in which 
grooves having a zigzag-shaped cross section are seri­
ally formed as shown in FIG. 3 (b). 
[0037] As shown in embodiments of FIGS. 2, 3 (a) and 
3 (b), grooves formed in one surface and grooves formed 
in the other surface may be in symmetry. Alternatively, 
as shown in FIG. 3 (c), grooves formed in one surface 
may have a larger area than grooves formed in the other 
surface. In case the grooves formed in one surface are 
larger, only the grooves formed in one surface may be 
used as passages. In case the grooves formed in one 
surface and the other surface are symmetrical to each 
other, the grooves formed in both surfaces may be used 

as passages. 
[0038] The thickness of each support panel 130 and 
140 may be increased to enhance the rigidity or the gaps 
between the grooves 131 and 141 may be adjusted to 

5 enhance the rigidity. Alternatively, more than one panel 
as the support panel 130 or 140 may be overlapped to 
enhance the rigidity. 
[0039] The driving circuit board 150 configured to con­
trol a screen of the display panel 120 may be disposed 

10 behind the two support panels 130 and 140. Various cir­
cuit elements 151 are provided on the driving circuit board 
150 and they apply a voltage signal for realizing an image 
and supply the power. 
[0040] Such the driving circuit board 150 is electrically 

15 connected with the display panel 120 and it transmits a 
driving signal to the display panel. A cable or a flexible 
printed circuit may be used in the electrical connection 
between the driving circuit board and the display panel 
120. 

20 [0041] The circuit elements 151 provided in the driving 
circuit board 150 may include an intelligent power module 
(1PM) that consumes much power. Once put into opera­
tion, such an 1PM generates a lot of heat. If the circuit 
element consuming much power is overheated, it is im-

25 possible to stop the operation of the circuit element and 
it is necessary to radiate the heat generated from the 
circuit elements 151 effectively. 
[0042] The display panel 120 realizes a high brightness 
to secure the visibility even in bright circumstances and 

30 the size of the display panel 120 has been getting larger, 
such that the display panel 120 may generate relatively 
much heat, compared with a conventional display device. 
In case the display panel 120 is overheated, an image 
quality of the display panel 120 could be affected and it 

35 is necessary to radiate the heat exhausted from the dis­
play panel 120. 
[0043] In case of using the structure configured to 
make an outside and an inside in communication with 
each other to exhaust the heat generated in the digital 

40 signage, external foreign substances, sands and humid­
ity might come into the digital signage and deteriorate 
the durability of the digital signage 100. To overcome 
such a disadvantage of deteriorated durabi lily, a complex 
passage having a filter to prevent the penetration of for-

45 eign substances could be used. In this instance, the size 
of the digital signage 100 ends up with increasing and 
an installation space is limited only to deteriorate a design 
quality. 
[0044] The embodiments of the present invention uses 

50 the support panels 130 and 140 of the display panel 120 
as a heat radiation structure, to overcome the disadvan­
tage of foreign substances penetration caused by the 
communication with the outside and the disadvantage of 
the increased size. 

55 [0045] The grooves 131 and 141 formed in the support 
panels 130 and 140, respectively, may provide passages 
of air for emitting the heat. The flow of the air along the 
first grooves 131 of the first support panel 130 is distin-
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g uished from the air flow along the second grooves 141 
of the second support panel 140, such that the passages 
in communication with the outside may be distinguished 
from the passages in communication with the inside of 
the digital signage to prevent foreign substances from 
being mixed with the air flowing in the case 110. 
[0046] Theairflowing in the case 110 may not be mixed 
with the air drawn from the outside. Accordingly, a filter 
170, such as that shown in FIG. 8, may be omitted and 
the passages using the grooves 13 and 141 formed in 
the support panels 130 and 140 may be simplified. 
[0047] Referring to FIGS. 4 to 7, the air passages men­
tioned above will be described in detail as follows. 
[0048] The first grooves 131 formed in the first support 
panel 130 are open toward an inner space 113 of the 
case 110 and they induce the air flow in the inner space 
113 of the case. The second grooves 141 formed in the 
second support panel 140 are in communication with the 
outside via an opening formed in the case 110 to draw 
or exhaust external air therein or there from. Accordingly, 
such the first and second grooves 131 and 141 may be 
configured to exhaust the heat generated in the driving 
circuit board 150 and the display panel 120 arranged in 
the case 110 outside. 
[0049] FIG. 4 is a sectional diagram of A-A' shown in 
FIG. 1 to show flow of air along the first grooves 131 of 
the first support panel 130. The air is flowing along a 
longitudinal direction of the first grooves 131 (a horizontal 
direction in the drawing) and a cooling fan 160 may be 
further provided to induce the air flow along the longitu­

dinal direction of the first grooves 131. The first grooves 
131 are open toward the inner space 113 of the case and 
shut off from the outside. such that the air may be con­
tinuously circulated in the inner space of the case along 
the first grooves 131, without being mixed with the exter­
nal air. 
[0050] FIG. 5 is a sectional diagram of 8-B' shown in 
FIG. 1. The air having passed the first grooves 131 is 
flowing to a rear surface of the second support panel 140 
and circulated, with the heat of the driving circuit board 
150. In other words, the air having passed the first 
grooves 131 of the first support panel 130 is configured 
to uniformly disperse the heat inside the space 113 of 
the case, while being circulated in the inner space 113. 
[0051] As shown in FIG. 5, a separation plate 135 may 
be further provided between the first support panel 130 
and the second support panel 140 to separate the air 
flow along the first grooves 131 from the air flow along 

the second grooves 141. A back plate 145 may be further 
provided between the second support panel 140 and the 
driving circuit board 150 to separate the air flow along 
the second grooves 141 from the air flow in the inner 
space 113 of the case. 
[0052] FIG. 6 is a sectional diagram of C-C' shown in 

FIG. 1 and shows flow of air along the second grooves 
141 of the second support panel 140. The air is flowing 
along a longitudinal direction of the second grooves 141 
(a vertical direction in the drawing) and a cooling fan 160 

may be further provided to induce the air flow along the 
longitudinal direction of the second grooves 141. As men­
tioned above, the second grooves are in communication 
with the outside of the case 110 via an opening formed 

5 in the case 110 and they show flow along one direction. 
[0053] Air is drawn via a first hole 111 connected to an 
end of the second groove 141 and the air is exhausted 
via a second hole 112 connected to the other end of the 
second groove 141, such that the heat may be exhausted 

10 constantly. As shown in FIG. 5, the air inside the inner 
space 113 of the case is circulated around the second 
support panel 140, such that external air passing the sec­
ond grooves 141 of the second support panel 140 and 
the air inside the inner space 113 of the case may exhaust 

15 the heat in the inner space 113 through heat-exchanging. 
[0054] FIG. 7 is a sectional diagram of E-E' shown in 
FIG. 1 that illustrates that external air is flowing via the 
second grooves 141. The second grooves 141 are sep­
arated from the inner space 113 of the case and the first 

20 grooves 131. Accordingly, the air passing the second 
grooves 141 may not affect the components arranged in 
the case 110 even if it contains foreign substances. Only 
if they are washed, the second grooves 141 can be used 
constantly without the filter 170. 

25 [0055] FIG. 8 is a sectional diagram longitudinally il­
lustrating a digital signage according to another embod­
iment of the present invention. In this embodiment, the 
flow of air passing first grooves 131 is the same as in the 
embodiment mentioned above. However, a predeter-

30 mined amount of the external air passing the second 

grooves 141 may pass an air curtain 115 provided in a 
front surface of the display panel 120 in this embodiment. 
[0056] The air curtain 115 is configured to emit the heat 
generated from a front surface of the display panel 120. 

35 In this embodiment, a front glass 116 is additionally pro­
vided in a front surface of the display panel 120, spaced 
apart a predetermined distance from the display panel 
120, to form the air curtain 115 between the display panel 
120 and the front glass 115. The air passing the air curtain 

40 115 may absorb the heat of the display panel 120. 
[0057] As shown in FIG. 8, a predetermined amount 
of the external air drawn in the second grooves 141 is 
moved to the air curtain 115, such that the heat may be 
absorbed even from the front surface of the display panel 

45 120 to improve the heat radiation function. To suck the 
air drawn to the second grooves 141 to the air curtain 
partially, the vertical size of the separation plate between 
the first grooves and the second grooves may be smaller 
than that of the separation plate according to the embod-

50 iment mentioned above. 
[0058] In the embodiment shown in FIG. 8, the air cur­
tain 115 is further provided to improve the heat radiation 
function in case only the heat radiation structure men­
tioned in the embodiment above is insufficient to exhaust 

55 the heat of the digital signage 100, because the heat 
generated in the display panel 120 is too much. 

5 
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flow in both directions. 
[0066] As shown in FIG. 12, the air flowing along first 
grooves 131 formed in the pair of the first display support 
panels provided in rear surfaces of the pair of the display 

es or humidity is contained in the air moving along the 
front surface of the display panel 120, there might be a 
problem of hiding the screen of the display panel 120. 
[0060] For a clean screen, the air need to be filtered 
by a filter 170 to filter foreign substances, before passing 
the air curtain 115. As shown in FIG. 8, the filter 170 may 
be further provided in an inlet where the air is drawn into 

5 panels 120 may be collected in an edge portion to pass 
the driving circuit board 150. The air having passed the 

the air curtain 115. 
driving circuit board 150 is divided again to both of the 
first grooves 131. Even in this embodiment, a cooling fan 
160 may be provided to make the airflow along the driving [0061] FIG. FIGS. 9 and 10 are sectional diagrams lon­

gitudinally illustrating a digital signage according to a fur­
ther embodiment of the present invention. In this embod­
iment, a first support panel 130 has first grooves 131 
formed in a vertical direction and a second support panel 

10 circuit board 150 and the first grooves 131 in the inner 
space 113 of the case performed smoothly. 
[0067] As shown in FIG. 13, the flow of external air 
passing the second grooves 141 is divided in four ways. 
In the embodiment shown in FIG. 8, one display panel 140 has second grooves 141 formed in a horizontal di­

rection. The second support panel 140 is arranged in a 
horizontal direction and the case 110 is open in a right 
and left direction. The first support panel 130 is arranged 

15 120 is provided and the air flow is divided in two ways 

in a vertical direction and the air passing the driving circuit 
board is flowing in an up and down direction. 

toward the air curtain 115 positioned in the front surface 
of the display panel 120 and the second grooves 141. 
However, in this embodiment, two display panels 120 are 
provided and the air flow is divided in four ways. At this 

[0062] FIG. 11 is a longitudinal sectional diagram illus­
trating a digital signage according to a still further em­
bodiment that further includes an air curtain 115 provided 

20 time, the second display panel 120 not having the driving 
circuit board 150 may be omitted to make the thickness 
much thinner. 

in a front surface thereof. In this embodiment, the air cur- [0068] In case the air curtain 115 is provided, a filter 
tain 115 is connected to the first grooves 131 and the air 
circulating in the case 110 passes the air curtain 115. 
The inner space of the case 110 is shut off and air is 
stopped from coming into the inner space of the case 

170 may be further provided in an inlet of the air curtain 
25 115 to prevent foreign substances from being drawn into 

the air curtain 115. When digital signage 100 is installed 
in an area having a low atmospheric temperature to ra­
diate the heat of the digital signage 110 easily, the air 
curtain 115 may be omitted and the flow of the external 

110, such that dust or foreign substances may not be 
drawn into the inner space. Accordingly, the heat emitted 
from the display panel 120 can be diffused while the air 
is passing the air curtain 115, even without the filter pro­
vided in the embodiment shown in FIG. 8. 

30 air may be divided in two ways to make the air pass only 

the second grooves 141, like in the embodiment of FIG. 4. 
[0069] According to at least one of the embodiments 
described above, the supportstructure of the display pan­
el 120 may be used in exhausting the heat generated in 

[0063] In this embodiment, the air absorbing the heat 
while circulating in the inner space of the case having 
the driving circuit board 150 mounted therein and the air 
absorbing the heat while passing the air curtain 115 may 
pass the first grooves 131 and transfer the heat to the 
second grooves 141 to diffuse the heat. 

35 the display panel and the circuit board effectively. 
[0070] Furthermore, no auxiliary passage is formed for 

[0064] FIG. 12 is a sectional diagram horizontally illus­
trating a digital signage according to the embodiment of 40 

the present invention and FIG. 13 is a sectional diagram 
longitudinally illustrating a digital signage according to a 
still further embodiment of the present invention. In this 
embodiment, display panels 120 are provided in front 
and rear surfaces of the case, respectively. The two pan- 45 

els 120 are provided and one driving circuit board 150 is 
used in the drawings. However, the circuit elements 151 
that are approximately twice as many as the circuit ele­

ments 151 mentioned in the embodiment and the heat 
generated in the inner space 113 of the case is increased 50 

much more. 
[0065] In this instance, it is preferable that the air cur­
tain 115 is further provided in the front surface of the 
display panel to enhance the heat radiation effect, similar 
to the embodiment shown in FIG. 8. The embodiment 55 

shown in FIGS. 12 and 13 is basically similar to the em­
bodiment shown in FIG. 8, except that the display panels 
120 are provided in both surfaces of the case to form air 

6 

heat radiation or no filter member is provided such that 
the size of the digital signage 100 cannot be increased 
least. Accordingly, a slim-designed digital signage can 
be realized and the number of the members can be re­
duced such that the manufacture cost and the number 
of manufacture processes can be reduced. 
[0071] When a particular feature, structure, or charac­
teristic is described in connection with any embodiment, 
it is submitted that it is within the purview of one skilled 
in the art to affect such feature, structure, or characteristic 
in connection with other ones of the embodiments. Al­
though embodiments have been described with refer­
ence to a number of illustrative embodiments thereof, it 
should be understood that numerous other modifications 
and embodiments can be devised by those skilled in the 
art that will fall within the spirit and scope of the principles 
of this disclosure. More particularly, various variations 
and modifications are possible in the component parts 
and/or arrangements of the subject combination arrange­
ment within the scope of the disclosure, the drawings and 
the appended claims. In addition to variations and mod­
ifications in the component parts and/or arrangements, 
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alternative uses will also be apparent to those skilled in tween the glass and the front surface of the display 
the art. panel (120), 

wherein a first end of the space (115) is connected 
to the first ends of the second grooves (141) and a 

Claims 5 second end of the space (115) is connected to the 
second ends of the second groove. 

1. A digital signage comprising: 
6. The digital signage according to claim 5, further com-

a display panel (120) having a front surface and prising a filter provided at the first end of the space 
a rear surface; 10 (115), the first end being an inlet where external air 
a first support panel ( 130) coupled to the rear is drawn into the space (115). 
surface of the display panel (120), the first sup-
port panel (130) including a plurality of first 7. The digital signage according to claim 2, wherein the 
grooves ( 131) formed in a first direction; and first grooves (131) are formed in a vertical direction 
a second support panel (140) coupled to a rear 15 and the second grooves (141) are formed in a hori-
surface of the first support panel (130), the sec- zontal direction. 
ond support panel (140) including a plurality of 
second grooves (141) formed in a second direc- 8. The digital signage according to claim 7, wherein the 
tion, the second direction being orthogonal to case (110) further comprises a glass (116) spaced 
the first direction. 20 apart a predetermined distance from the front sur-

face of the display panel (120) to provide a space 
2. The digital sign age according to claim 1, further com- (115) to allow an air curtain to be formed between 

prising a case (110), the case (110) having the dis- the glass and the front surface of the display such 
play panel (120) arranged in one surface thereof and that air flows in the first direction. 
an inner space (113) where the first support panel 25 

(130) and the second support panel (140) are locat- 9. The digital signage according to one of claims 1 to 
ed. 8, wherein each of the first support panel (130) and 
wherein the case (110) includes a first hole formed the second support panel (140) is formed of a folded, 
in a first end of the case (110) and a second hole metallic plate to provide the first grooves (131) and 
formed in a second end of the case (110), wherein 30 the second grooves (141 ), respectively. 
both ends of the first grooves ( 131) are open toward 
the inner space (113) of the case (110) to induce air 10. The digital signage according to one of claims 1 to 
flow in the inner space (113) of the case (110), and 9, wherein each of the first grooves (131) and second 
wherein first ends of the second grooves (141) are grooves (141) has a cross section having at least 
in communication with the outside via the first hole 35 one of triangular, trapezoidal, rectangular and sem-
and second ends of the second grooves (141) are icircular shapes. 
in communication with the outside via the second 
hole to allow external air to flow therethrough. 11. The digital signage according to one of claims 1 to 

10, wherein at least some of the first grooves (131) 
3. The digital signage according to claim 2, further com- 40 or some of the second grooves (141) are formed 

prising a cooling fan (160) provided in the case (110), larger than others of the respective first grooves 
the fan (160) being configured to induce air to flow (131) or second grooves (141). 
inside the case (110) along the first grooves (131) 
configured to induce external air to flow along the 12. The digital signage according to one of claims 1 to 
second grooves (141 ). 45 11, wherein at least one of the first grooves (131) and 

the second grooves (141) are symmetrical. 
4. The digital signage according to claim 2, wherein the 

first grooves ( 131) are formed in a horizontal d irec- 13. The digital signage according to one of claims 1 to 
lion and the second grooves (141) are formed in a 12, further comprising a separation plate disposed 
vertical direction. 50 between the first support panel (130) and the second 

support panel (140). 
5. The digital signage according to claim 4, wherein the 

case (110) further comprises a glass (116) spaced 14. The digital signage according to one of claims 1 to 
apart a predetermined distance from the front sur- 13, further comprising a driving circuit board (150) 
face of the display panel (120) to provide a space 55 provided at a rear surface of the second support pan-
(115) to allow an air curtain to be formed between el (140) to control driving of the display panel ( 120); 
the glass and the front surface of the display panel and 
(120) such that air flows in the second direction be- a back plate formed between the rear surface of the 
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second support panel (140) and the driving circuit 
board ( 150 ). 

15. The digital signage according to one of claims 1 to 
14, wherein a plurality of first or second support pan- 5 

els (140) are provided. 
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~ t :0° hfflnlt-t 0 b o:iz·«J 0 ◊ 

[ o o 1 1 J £t_:, ~w>.RrJJ: 5 .&.U~w>.RrJJ: 6 t=~c~crJn '7 

( 3) 

-~~ 7° •J ✓ Y tL :'#iJ~rt::::, ✓7° o:i 9":'t!:$7J" H'l -3 t t 
b (:, :m:1~rl 71/7° t -$tiM!l.1 Ltc::fxJ'iJt·14'tit:.jl'jc@'.0 
:ht-: 1) 7 L--· 7 Y- t ' :'#i:Y'HMt 7 ✓ 7° t 1) 7 L-- 7 Y- t ~ 
J1XtFJ9off'li"t, ::.01'f'li"o:ijiliJtfmit:.1z:~,,=Mr/rJ90J: -::it:.wc 
@'. 0 :ht-: 2 -=:i v'){'(r:t/] 7 7 ✓ t , lj 7 v 7 Y- O)J~M (;:Jfy 

'JfHJ-hh, ~ 10<4'rW71 ✓i:.Jli:i, ,$JJ"c m2 0<4rW 
7 -r ::.,,i:ilil 1t%JJ"0iMiOC~:Z-lzil!1J5c-t 0m 1.&.um 2 0) 
iNliOC-t ✓77" t , ffi 1 0i.Mioc-t ✓77"0il!IJ5:E:i£.0C?Jrffi 1 o:ii£. 
ocJ: 1J i., ~ ~ ,11eH:i:tffi 1 o:i<4'rW7 -r ✓ ~1,izi/J0-tt, m 2 

o:iiMiOC-t ✓7fo:iil!IJJE:iMiOC:o'~ 1 o:iiMiocJ: 1J i ~~ ,lli'ft:i:t 
m 2 o:i<tW 7 7' ✓ z i,izi!J:c' -tt, £ tc:ffi 1 .&um 2 o:ii.Mioc 
--l:: ✓7f0jJIJ5Ei£.0C:o'ffi l 0i.lfu0CJ: 'J 1-J{[E;Hl1(:!;L C.:.0 
il!IJ5:E:i.Mi0CihiE; l ,i.lfuOC--tc >-•ti:nI::t~-t o <#W 7 1 1/ o:il,IB:l/J 
~w .tl:.c'-tt, c' r:, i:1l!IJJE: Ltc: 2-=io:iii'iiicro:ivif:fliJ,-JJ 
7J'% l 0i.lfuocJ: 'J b ([E;l '* 2 o:ii.Mioct:ircii'tc:~ \, ,B:;H:u:m 
:5'~rl'7 ✓7°~PJr5EBs'fF'ui,QrTc'-l:tT.1.Ja~-t 6 t_:11bo:imrJ:ff!IJ.cf 
mt ziirt, :m:1~¾t'7 _:...·7°o:in '7-~~ic*:t:ttftt Mr/iJ 
-t -:S ielfflP'-1 o:itg:!l£i.Mroc ~ ffi 1 o:iiHtOC t ffi 2 O)i.lfuOC t o:iF'si 
t:{*-=i J: -3 t:. ltc: l 01:'ib-iS o £ tc::ffi l .&.U:m 2 0<4rW 
71 ✓!i, -JJJJ'~P'-J(:.J~'AZJ2s ')32,,h, 1iliJJ7J'~P'-10 
'Q:.m~tl~te-t6 J: -3 t:Wc@'.T0v'liJ>J:l 1 0 

[0012] 
[ 11=ffl] iff3RJJf 1 lc.lltO)~li!rTU, 2-=i0)<#:t!J7 7 1/iJ' 

ifu'tftAJjl'j~t:.J;/'.i t '"( ,~IZi/Jc' :h, :i!filtn~<wW'Q'.AiJitz JT%t-t 
;,; :o' t,, ~:rt::::, 1/7°0::r:.*t:btc:: -:i --ctg~iMioc~ r1r5Eo:i 
iMiC:ie.lfflt:f*-::i c.:. t :orz-t i O iw;:rrw 2 iclli:O)~fii-r· 
!:l:, 1J7v?Y-:o'~~x'7 ✓7°(:.:ti~!l!l--C1,,;,;1J,t,, 'g 
~i.lfulJt;o>j[1ii(:jl!IJ5E~ :h, J!(;:~:fX7 ✓7°!i, ::::Jflf:;:t 
Lt_:~t:lffl£:h --c 1,, 6 :o·h, •:rx '71/7'f:.ifh --CiJit:h6 
'Q:.mfl[:o'lB mt c' h -iS :o' t, , ~}]$ J: < <4rW-t -iS c.:. t :or-z· ~ 
0. ~;;:rrJf 3 ~c.ilt0~ll!r-r·i±, IMiocAJi!'ict:Ri t --C<4iW7 
-r 1/0)@Jlfii:Jfillt:0'~1i1ic':hoiJ'0, IBJfilt:<tW-t 0 c.:. t 
7J>-Z.·· t {) O 

[ 0 0 1 3] fl!f;:RJ.l'J:4 icilto:i~@'.TU, iMilt-t1/7f t<# 
W7 -r ✓ t JJ'if.ll.7:1-i'tfi ~:h T ~ •0 :0°(,, ~~.x'? ✓7°0!i 

!i."f-JJ"f-::i z<tW L, -t-nt:.J: 'J ~$o:i'g:1s£iMiocziiii 
-~t:fJn c.:. t 7J,z-~ 6 0 :;;:rrJ:l 5 !cilto:in '7-~~!c. 
jj~@'.Zti, :m:1~¾1'71/7°0~$0:3/cm.JJ1!i!i'-5:E:(:.1* 
~h-:S~h,5E.L'70§%~~~<-tc.:.t~~~oo~ 
;:RJJ'! G ici!to:in 7-~~icil~&'TU, J2s 'J 32,,hJ+I t #~ 
/±lfflO)<#W711/~~itttc:iJ•h, <#W'Q'..mO)iJit:hiJ>:Zb 
-.:.:(t:~0 0 

[0014] 
[ ~:fjf!i{JIJ ] [ill 1 !;l: ' * JE.SJI ~ ~:fjf!i l t,.: J7 7 -~~ 7° 1J ✓ 

Y zjf:9'1:., o:i-r·cb0 0 y- t--:fxz Ltc:1✓ ::::,-~~~c.*ltt 
f-11 O !i, .f-0:$'cftmlh"' 7 '7 ✓ J q U:. J: -:i T 7'7 T ✓ f 
'7 1' 1 2 t:. fl!! c' x.. -=i rt t, nlfilJE: 0 n ;,; ◊ ~~ cit.& u: 1t5E 
•lle'rt:., 7°77°'1/f'JLl 2!:l:, 7'7Cf1/.~1Zi/J1::-Y 1 
3 f:J: -, 'l ·JE:J.fil&Z'@Jlfii:c':h0 o 

[ 0 0 1 5 ] :r::::, T 1/ f 7 L l 2 cTJY~mJ(:!i, ~f~c.iii'dil. 

SEC et al. v. MRI 
SEC Exhibit 1022.3461 

IPR2023-00221



fii/;:'-lj--?1v"'-,1 r 1 5, -fOYfllitfJ!IJl:3 ✓7°.i=-,1 t--
2 0, 3 OiJ1i.itttt:>tl-CVl,t,o '-lj--'?Jv"-'1/ Y 1 5!i, 
mJ1;[10J:: 5 t:'tJ:R(l)1€~*-r~31 ✓tk(:jllj2,JrJltc::t.>(I) 

-c·· ci0 IJ , ~ic.it 9 r<. ~ is& tF -f (1)1EisiMlnt t: Jit t ts: ~:r. 
:t,1i-:f·-~5c_!lT00 1 I.O-ffl3 ✓7.i=-•1 }-- 2 O!i 
t:IJr4 2 o Ilm, ?--tt:,.,:7ffl5>'7°.i=-•1 t-- 3 ouai:r 
3 6 5 nm 11ili:(l):'#t>Hi ~1€:Yci"" 6 o 

[ o o 1 6 ] 3 ✓7°.i=- ·1 t-- 2 o !i, [;Rf 2 (;:jj;--t J:: 5 
(:, ?ZIJft:.~~iJJ¢tl0tf~.k(l):'.#t>Hi3 ✓7° 2 1 t, -f(I)~ 
ffi~~fli¢n~Y7v??-22t,•23t, c.:(I)• 
2 3 0) jwj!tiffi(;:Jf:x I) ft(t t:,;htc:: 2 -:)(l){'it:tfJ 7 , ✓ 2 5 , 2 
6 t iJ' t;, fflfflt ~ n 0 o #'R;\'~- 3 ✓7° 2 1 (1)1€3/t;iiUi, [;Rf 

3 f:jj;-T J:: ·3 t:, 'g:!l.'tililHih' 4 O °Ct·;Ji) 0 ffi!rf;:mf;).j'e,3/c 
;_ Lma x t ~I), 3 5 °Ct 4 5 °C(:tJ I. ,-c !i, 3/c5E~(;: 
cf'.,~~,:1;1[Jt'.Je3/cll Ls t ~ 6 ◊ c.: (l)~;\'~*l '7 ✓7° 2 1 
!i, 3/c~iJ'* ~ < , iJ•---:J*5E l -c 1,,, 0 cp 5\!:$ ~ tiJ ffl T 0 
t::.!:1)(;:, 7°3·r>'· F3A 1 2 J:: I) Lft< ~--)-c1,,6 o 

[ o o 1 7] 1J7v?::7-2 2u, {71Jx..t.f71v2.=-r'.7L 

~ c· 0~{i:~'tthr i§i I. '*tth· t., ~ I) , #'R;\'~¥13 ✓7° 2 1 
(l)cp:',\!;$~m5ttL~,,m~-3 ✓7210'g~t­

$iJ'tt.f!!l!T 0 J:: 5 t:Jlllcilf ¢ n -C 1.,, .fi o • 2 3 !i, 7 3 T 
✓ F '7 L 1 2 {!!IJMffl□ ltc:: ::1 f%~ l -C .b I), -f (l)p'q$ 
(::'#t;\'~f,Jlt 7 ✓7° 2 1 t 1) 7 V ? ?- 2 2 t ~ JCZ¥f1T -b 0 

C.: 0)- 2 3 !i, JNBJIJZ!:;l:7':JNBJl~'t!f--l-T'(tt:,;h. -C .b I), 
<iW~m(l)fittli!% ~ %fflt-t 0 o ~ .b, i~7~¥l~JIFJttH '.!:- ffl 
1, ,;h.!;L 7°37 ✓ F 3 A 1 2 /J!IJhrlmil ltc:::fir~t·L J:: 
1,,0 <iW7, ✓ 2 5!i~%.'.!:-•2 317'1(:J!l)Jbh-, <iW 
7, ✓ 2 6 u• 2 3 pq(l)~m ~ ;\'~$(:;J~lt±:l-t 0 o Y.JITTiii, 
• 2 3 h1 ::Jf%'.!:- l -C 1,, 0 tc::!:i), 2-:)(1)<%W7, ✓ 2 
5, 2 6!i, 1,,f;h.L~%.~-2 317'1(:J!l)Jb,Z,t·LJ:: 
I,' 0 

[ o o 1 s] .ttc:: 1J 7v?Y-2 2(1);\'Hlt:!i, C.:(1) 1J 
7 J._,? Y- 2 2 (l)iidtoc~ill.lJ5E--t 0 tc::!:1)(1) 2-:)0ildtoc--t: ✓ 
'"1j- 2 7 , 2 s h11ti.it ¢ n -c 1. , 0 0 t£oc--t: ✓'-lj- 2 7 , 2 s 
!i' ~;\'~¥13 ✓7° 2 1 t t; 7 -~~~c.$11'-tf--l- 1 0 t i)>x-f 

IBJT 0 i!ilffi(l);\'HJ!IJt:Jlllc@'.¢;h., iliir.oc--t: ✓'-lj-2 7 !i<%W7 
, ✓ 2 5 t:J5:1,,fJ!IJ, iliir.oc--t: ✓ '-lj-2 8!i-i"t'W7, ✓ 2 6 t: 
ili: 1, ,fJ!IJt: -f :n--:e:n 1ti.it ¢ n -c 1,,.;; 0 i.Mroc--t: ✓'-lj- 2 7 , 2 
8 0}l!IJ5Ei.lfuffi'.{°§-lf!J, -fnz·nA/D~~,m4 1 r::'77 
o :1·,ri ~-iJ,t:> ·r'>Y ;v(i ~t::~~¢n, ildioc·r'-Y t ¢ 
ntc::NH:? 1 ? o ::1 ✓e ;z. -Y 4 o (;:J! t:>tlo o ~.b, 
'?~✓ ?ffl3 ✓7.i=.o/r--30L~tfflffltT;ii)~(l)T, 

tt-';:}071-~11 l -C ci0 o o 

[0019] '?-{?o::1 ✓t0

;z.-::740(:!i, .;-iW7, 
:,.~~i!JilliHlll@Jli!%4 2, i.Mintv----z1v¥'15E@JN%4 3 , ::71? 
-4 4, 3 ✓7~~i/J@JJj!t4 5, 7 1) ✓ r--lfflllt/.7, 1 rf-4 
6 , &u-·~**jj;-$ 4 7 i.Jrctt~¢ tl -c 1,,.;; o <%W7 , ✓ 
-~izi!JillrJ:/lIP@Jli!t4 21:t, i.Mroc--t: ✓'-lj-2 7 t 2 s tf.J,t:>fit:> 
;h.t,,::}l[IJ5Ei.lfuflt(l);8jlljc;(;:J;t t -C <%tfJ7, ✓ 2 5 , 2 6 (I)~~ 

JJJ '.!:-illiJ :/lIP l, :'.m5.Hi 3 ✓ :,r 2 1 cTJ-g11£i.Mi.1JtiJ1PJr5EcTJiliir.nt 

( 4) 

irilffit:.b¢ £ 6 J:: 5 i:-t6 0 C.:(1)/ljlj:/)Ip(;:!J, <%W7 I ✓ 
2 5, 2 6(1)@J!liRJEoc~-5Et:l, i.Mroc:8i'ict:J;tt-co 
N · 0 FF ffjiJ1ftPT o 1:fit;;t, i.Mrffi'.1'.Jjlljc(:J;t t-C{f,1;117, 
✓ 2 5' 2 6 (l)@Jlj!R~&'.!:-~j_ {;) 1fi$;t i/% 6 0 ~:tSR 
t:, iJt.Flt--t: ✓'-lj-3 7, 3 8(1)ill.lJ5Eiliiintt:Jitt-C{WW7--r 
✓ 3 5' 3 6 (l)!!Zl!J~ illiJ:/lIPi"" ◊ 0 

[ 0 0 2 0) C.:(l)~oi/ylJTU, ,iW7, ✓ij!Zi.1JilliJ:/lIPITTIJi!Z. 

4 2 !:L ~ 1 illlJ:/lIP$4 8 t ~2illrJ:/lIP$4 9 t h·t:>fflffl<:¢ 
;h' 0 N ' 0 F F mu :/fflJ t: J:: ,:, l:;;. 7 ✓ 7° (l)~-H•f---:J ~ i.Mr 
.f!tffjrJ:/lIP--t .6 o --t~bi:,, ~ 1 illrJ:/lIP$4 8!J, i.ll!OC--t: ✓'-lj-

2 7, 3 7 -c-•i!!IJ5E ltc::i.Mroct, -'f!:i)i:R!:1)-C iri .6 7, ✓-~fil 

iJJ~i'fci.MiOC t '.!:- J.tfz-t o o -fl -C, ill.lJ5Ei.Mrffi'.h'1~J l.- ,;1-~,g­
t::U, Y 511, 5 1, 5 2 t:~~l/J(°§{}~J! I), 7 Y ✓-~IZ 

i/J."£:-::7 5 5, 5 6 ~1rl-C{iW7--r ✓ 2 5, 3 5 ~-~IZ 
i!J¢•\t-6◊ -1;, i.ll!OC--t: ✓'-lj-2 7, 3 7(1)ill.lJ.'i"ti£1l'./J'7 
--r ✓;iziJJ~i'fci.MrocJ:: IJ L fJ.1;;1, ,ffi!rt:ii, r 311, 5 1 , 5 
2t:/¥1Ui~~mt±:ll-C{%W7, ✓ 2 5, 3 5~/¥il¢ 
-tt-60 £tc::~2illiJ:/lIP$49!i, iliir.OC--t: ✓'-lj-28, 38(1) 
illrJ5Ei.Mroct 7, ✓-~izi1J~i'fci.Mroct (l)l:tfz~:fi :i ◊ 7c l 
-C , ill.lJ5Eiliir.och17 , ✓ -~~i!J~i'fci.Mioc J:: I) L ~ \, ,ffi!r(:!i, 
y311,5 3, 54t:.~~i1J{°§-lf~mt±:llT<%W7, ✓ 2 

6 , 3 6 ~ ~~i!J ¢ -\t, il!IJJt'.iliir.ociJ1 7 r ✓~IBiJJ~i'fci.Mioc J:: 
IJL{Jf;1.,,ffi!rt:1itiW7, ✓ 26, 36'.!:-W1.l::.¢-l:t-6o ~ 
.b, 7 1 ✓l!Zi!J~Wildtoc!i~;\'~¾~ 3 >'7° 2 1 . 3 1 (1)3'i\ 
3'c3?JJ*h'm\: L J: < ~ -6 i.Mroct:i.it5E l -C .b < (l);o>tff £ l 
<, *~ni/y1Jt•!iim*3E:Yc;.Lmax i·f~0 C.: t i?'T·~ ~ 
I 4 0 °CJ t:i.it5E l -c ;ii) -b 0 

[ 0 0 2 1) i.Mrffi'.J....A'.;.Jl,flj5E@JJj!%4 3!i, 7° 1) ✓ f'ifflllil 

.::z.1,11--4 6h' 10N J ¢:h.-CE:Pffi;f~jj;-{°§{}hr?1?o 
::1 ✓ t° ;z. - ::7 4 o (;: A1J ¢ :h.tc:: ffi!r (;: 1ti.1J-t o , c.: (l)i£oc 
v----Z1vfrJ;t@Jli!-1l-4 3!i, i.Mroc--t: ✓'-lj-2 7, 3 7, &tFi.Mi 
ffi'.--l:: ✓'-lj- 2 8 , 3 8 t: J:: I) fi t:,;h.tc:::;;.1ll.lJ5Ei£oc t -'fllbi.it 
5E ~ ;h -C 1,, -6 (flffilfflftil~Wildtoc t ~ l:l::l!tl'.t--t 0 o -f l -C , 
7 ✓7°.:L=- '1/ }-- 2 0 ' 3 0 ::::.· t (;:' 2---:J(l)ill.lJ5E,¢.l-C-"(l)ill.lJ 
5Ei.Mrffi'.h'jwj1f t L E:Pffilffltil~i'fci.MrocJ:: I) L i§i I. ,ffi!r(;: 

1 HJ {°§{}~, -1;0il!IJ5Ei.li!EfiJil::Pffilfflfti/~l'f,i£ffi'.J:: I) 

Lflf;t ,IEJt::ii , L J {;§;-%~? 1;, 0::1 ✓e ;z.-::7 4 o t: 
mt±:!T-3 O ~.b, E:Pffilffltil~l'fei.Mroc!J3/c5E~(;:£,~ t T 
-6#'R7~*i(l)3/c£ '.!:-lrif* z·~ 6i.Mroc-c-,ci01J, *~n&{71J-c-u 
:1;1[5E3'i\)t:i:. Ls ~ 1,S,-3 C.: t (I) t· t:'.- 0 a(Jlildiffi'. 1 3 5 °C J 

t:i£5E l -C ci0 o o 

[ o o 2 2) 3 _:.,,7lfili/J@Jli!%4 5 !J, 1.:r.o-JZ!J?-t· 
✓ YillITf$(1)~c11~,.:~;11~ii3 ✓7°2 1, 3 1 ~.¢.ln--to 
{t!H:, 7° 1J ✓ t--~fflcp(;:, ::7-{ '?-4 4-c,·iil:5E~tltc::ffif 
re1 cp~;\'~*i 7 >'7° 2 1 ' 3 1 ~3'i\3/c ¢ -tt-C:1J□~ 9 -b Q i 
t--::~E*jj;-$ 4 7 (:!i, ~>'~*1i3 ✓7 2 1 , 3 l (l)Pf 
nh,t:Ji'Hi'7h'3'e~ l tc:: ffi!rt:, '? 1 ? o ::1 ✓ t° ;z. - ::7 4 o 
t:J:: "")-CifE*jj;-i.J'lfb:h.o o ~.b, c.:nt:,-~(l)ffliJ'~ 
!i, '71?o::1 ✓ t0

.:.i.-::740(1)p'q;;'~t·1/7 t,r'.7:r.7m 
.fJ.~tL-6 0 

SEC et al. v. MRI 
SEC Exhibit 1022.3462 

IPR2023-00221



[ o o 2 3] l:Rl4 !:L t; 3-~~~cJf:ttf-H o 0)-011~ 
:ir:T t) OY-C &) 6 0 :$:t"t-W 6 0 0) J:. (:: ~-7 ✓ ~~?%-@Ji 6 
1 , ? -c· ✓ ;I !5~J%-@.Jil 6 2 , 1 I D-!5~J'e-@.Jil 6 
3 , {:WJIJil 6 4 i)t Jll]'i<!i:Ji/~5!: cl h --C \., 6 o 2:. ht:, O)~~~ 
Jc~]! 6 1 ~ 6 3 !:L ~~cfr:ic'hoJIIJ!:ffi;(::~ooiJ>(, }!~5): 

c'J-l --C \. •6 ;o>, 0Jjj__!J?~'.:., :7, 1 ID-, Y71/0)JII]'[ 
~i=w.i:~ciiT6t:Nii:,(::tl:, 1Io-~w.i:~ef!ii63 t? 
-c' ✓ :7 ~w.i:Jeis!i 6 2 t O){{[ ji'iJ{ Ah~ ;z_ ½ tL 6 0 1 I 
D-~w.i:?eis!i 6 3 !:L 4 2 0 n m11JlrO):m:>Hlti>ffiUJ;f 
c' ;(l ◊ C J'e{sfi~jJ iJL~;b;rL ,t, o '"? t':;_, ?' ~w.i:Jei§.fi 6 2 
t,;L 3 6 5 n m11JlrO),m;\7~$l-Z::·~i§.fi~:tJiJ,~;btl:f, o 

[ o o 2 4] <!i:l::, :;¢;;~nf!if7JJO)fl=ffl~~Jt1IJIT 6 o t; 3-
~~ 7° 1J > :7 i=~m ~ ;j'g;;_ T ◊ t , iMim-1:: > ·1t 2 7 , 2 
s , .&V: 3 7 , 3 s ti,11c11J~ lmftti L, 1J 7 v;, :7- 2 2 

& ti 3 2 O)iliitm ~ illlJJt'.T -ti ◊ c: O)IJ;f, lJ 7 v 7 :7 - 2 2 
.&V: 3 2 ti~'ll!M:E~'t10)~ v1*:ttl::J: IJ _lBff.lt c' tL, f--h-'f' 
;tL,m;\7~$13 ✓7° 2 1 ' 3 1 t ~~!I! L --c \, l ◊ 0)-z:''' il:!J.i-1::: 
::,,,t 2 7 , 2 8 , &V: 3 7 , 3 8 0)%illlJ5Ei!!J.i!i, f--tL 
-'f'tL%il:/l'.-I:: >--it 2 7 , 2 8 , 3 7 , 3 8 :o' 1J 71.,-;, 5' 
-2 2 &f.f-'3 2 ~f31{,Z,-Z::·xt!Ol L--C\.,:f,$f{[O)'g":!l£.i!!OCt 
!i!:l"~ L < 'J: 6 o 

[ 0 0 2 5 ] i!!J.i-t >--it 2 7 , 2 8 , 3 7 , 3 8 O)il!IJJt'. 
i!!J.i{§-l}!i, f--tL-'c.tLA/D~~nA 1 -z::•iM.J.i'J'--5' t 
c'tl--C~0,71?o3>ei-5'40~frL--c~W7 
T ✓•I/J~~~-~2~*0h-ti.f--L--C,~J.i-t>--tt 
2 7, 3 70)ilfu&7'--5'!it1'DffflJ~g~4 8(::, it2ilfu& 

-1:: >--it 2 8 , 3 8 O)~Jj'.7'- 5' ti.m 2 ffflJ~$ 4 9 (::_)_:tJ 
t5 n, 7ch-'f·n 7 r >5fill/Jl!ii'$i!!OC , 4 o °CJ t J::l:::!l!zt5 
tL-ti O 

[ o o 2 6] 1 x.o-_ffi3:;,,7,1.=.,1/ t- 2 OO)i!!OC-t> 
--it 2 7 O)il!IJJt'.i!!OC, T~' ,b t::, , ,m;\7~$1 3 > 7° 2 1 0) <4iW 
7 T 1/ 2 5 (;:Jlrl,, >$7J'-O)fg:!l£.jlfu)j'.i)> 4 a◊Cl:: IJ t> /i';'J \, •II¥ 
t::u, .m 1 mu~fffi 4 s :o' r 311 \ 5 1 t::513:1/Jii ~- ~ *lli 
L, 7 T 1/5fill/J-1::-5' 5 5 ~fr L --C<%W7 T 1/ 2 5 t'-513: 

1/J t5 -tt -0 o :i t-::i!!OC-1:: >--it 2 s O)lfflJ5Ei!!OC, T~ A-'.) 'I:",:,, 

,m;\7~$13 ✓7° 2 1 0){%W7 T ✓ 2 6 {J!ljO)'g"11£i!!J.i;o> 4 0 
"CJ: IJ t>1~J\. 11E'fl::ti, ,m2fr,1Jtl'IJ$4 9iJ,;f31J\53l:: 
-~fill/J{§-l}~*lli L--C<%W7 T ✓ 2 6 ~513:1/Jc'-1:t-ti 0 

[ O O 2 7] c: c: -z::·, <%W7 T > 2 5 :0'7~'All&Hbh­
_ffi, <4rW7 T > 2 G iJ{t,l~><(.fflt''&) -6 0)-z:'', C: tL 0 2 -:JO) 
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Abstract of JP 8194437 (A) 

PURPOSE: To provide a display device in which a warm­
up time can be shortened. CONSTITUTION: A display 
device is provided with a display portion 2 formed by 
containing and arranging a plurality of fluorescent tube 
type luminous elements in matrix-like in a display device 
box body 1 A transparent plate 3 is arranged in front of 
the display portion 2 so as to cover the front of the display 
portion 2. Air is introduced from the outside of the display 
device box body 1 and is exhausted from the front face of 
the display portion 2 passing through the display portion 2 
so that the whole display device is cooled down. A 
circulation fan 4 is provided so that the warm air between 
the display portion 2 front face and the transparent plate 3 
is introduced to the backside of the display portion 2. 
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PROBLEM TO BE SOLVED: To unnecessitate a radiation fin, to attain a cost-down and 
weight reduction, further, to improve the reliability by decreasing the number of parts 
and to reduce the thickness size of a set by forcedly cooling a plasma display by 
providing a space between a panel part and the main body of display part. SOLUTIO~J: 
.A circuit P board 4 for driving a main body 1 of display part of the plasma display is 
attached to a panel 8 . .A gap is provided between the main body 1 of display part and 
the panel 8 and the main body is cooled by generating a convection by forcedly pulling 
the layer of air between them through a fan 3. The panel 8 is equipped with a discharge 
port 7 for forcedly pulling air through the fan 3 and a sucking port 6 is provided for 
efficiently sucking external cold air from the downside. Thus, the convection from down 
to up for cooling the main body 1 of display part is generated and heat can be wasted. 
In this case, when the gap bet,.Neen the main body 1 of display part and the panel 8 is 
narrowed, sufficient fluid velocity can be provided and the set can be made thin. 
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Fulltext 

(A) HEAT RADIATING METHOD OF PLASMA DISPLAY 

Ust of publlcatlons 

IPN PO 11\PN 
• JP11296094 19991029 

on (A) :f-7;(.'f-(;;<.7v-1'(1.)JilU!&:1.Hf. 

AB 

OT 

A· 

PROBLEM TO BE SOLVED: To unnecessitale a raaiatioo fin, to attain a 
cost-dol>n and ....,;g111 reducticn fur1her, to i""""'"' the reliabi6ty by 
decreasing the rurrber of parts and to reduce the thickness size of a set by 
forcedy cooling a plasm, di splay by prOllici ng a space between a panel 
part and the main body of display part 
sa.unoo A circlit P board 4 for drh.ing a main body 1 or display part or 
the plasm, display is attached to a panel 8. A gap is prOllided betMlen the 
man body 1 of display part and the panel 8 and the main body is cooled by 
generating a comection by forcedy pulling the layer or air between them 
1hrough a fan 3. The panel. 8 is equipped w1h a discharge port 7 for 
forcedly puling air lhrougi the tan 3 and a.sucking port 6 is prc)l,icted for 
efficienlly sucking e>demal cold air from the downside. Th.ls, the corn.ection 
tran dov.n to up for cooong the main body 1 or display part is generated 
and heat can be wasted. In lhis case, when the gap between the main body 
1 of display part and the panel 8 is narrowed, sufficient fluid "91ocity can be 
prOlided and the set can be made thin. 
CCPYRIGHT: (C) 1999,JPO 

OAB 
[llOJ :n~'r-<;;<.:tv-<wai.mit1=.!::t.t.i: 
L', ft;i\ffll*~WaHtll:1ll!:lttlll~1tQf:a'.l. fl;i\1111* 
j:f;O);gJt;,t..t:Jl.l-. iiliilitJ18'1t,.Q/=L ,-;r,9:t,t.lr,-:,f:. 
tt*1;1:.:.t,.wlUIMiltWt:&')l=!illif.ffll;f;!:f;u.,1EiiiJ::lil!l!I! 
7~:,tc!l!~l--CVt::!J'. +~t.i:/i!l:l!l!lib!l~..t:lfQ;:.!:: 
11~1,i:i)\-:,t:. 
IM~'l'~J ,q,1~.!::fl;i\tll*~.!::<T.>lllll=!'l!lllll=t:iL' 
-C. ttf;lJ•Jlli~l>ll-t:•J. l!!lL ,;A.,,. □ ~~Ql:!WF 
11111:t~Q,1;-;1;:lftJtl-. Jl!J:ft;i\ffll*~WIEiiliJc:1£l!ilffi: 
~llli•Jtt rt-ct:-~ ;,.,~-:,~:!J•~t.i:L ,,1;-;J;:fglt~~ 
-itTQ.:..!::1:!lll:l!llllllil~;i!lia'.lt:lailil:l-n >Q. 

IN 

.. PA 

PAH 

PAD 

AP 

PR 

_JC 

JCAA 

JCCA 

R 

FTM 

CLMS 

(A) IRIE SI-OCHI 
TERADA IIOBU) 
HISAKAOOTAKAO 
KIMURANAQO.KI 

PANASCNIC 

(A) MATSUSHITA ELECTRIC IND CO LTD 

(A) MATSUSHITA ELECTRIC IND CO LID 

JP99114981998041D [1998JP-0099114) 

JP991149819980410 [1998.JP-0099114) 

G09F-009/00 H01J-017/28 

H01J-017/28 [2006-01 AF I RM JP]; 
G09F-009{00 [2006-01 A L I R M JP] 

H01J-017/02 [2006 CF I RM JP]; 
G09F-009/00 [~CL IR M JP] 

G09FQ/OO 304B; H01J11t34; H01J11/36; 
H01J11/44; H01J17/28; 

5C04D FA01; 5C040 FA02; 5C040 GA02; 
5C040 GA03; 5C040 GF14; 5C040 GH10; 
5C040 MA11; 5C040 MA13; 5C040 MA26; 
5G435 AA09; 5G435 AA 12; 5G43S 8806; 
5G435 EE12; 5G43S CG44; 

1 In lh8 Jjasmaday spray, the indicatory department 
The substance the plasm, day spray is controlled in order to release heal 
The panel section and the aforementioned indicatory depar1ment itself in 
order ID install the clrclit baseplate 
Wilh prOlliding the space between, it features that it cools mandatorily 
Heat cissipatia, rrelhod or [ruJ p1asrra day spray. 
2. The circuit basis which controls the plasma day spray . 
It sucks into the panel section in order to instat the boa-d the private hole 
ender • 
It prOllides oo side, spits out abo\.e prOlliding the pri\Gle hole, in the tan 
[ru] forced air cooling [purazuJ or the Claim 1 staterrent wtich features that 
it does 
Heat dissipation rrethod of [rrndeisupurei). 
3. lncicalory department itseU of plasma day spray r-ng 
To apply lhe putty \\hose in order to heal thermal conductJvity is good on 
back. Iha! 
By sticking 1he board al the rretal on lhe indicatory department itself warm 
[Pu) 'M'ich features that degree entirely that tries becares unifcnn 
Heat dissipation rrelhod of [razumadeisupurei). 
4. lncicalory department itseU of plasma day spray r-ng 
The circuit base~e -..hich controls the plasma day spray In order to heat 
In lhe slructlle \Mlich is installed, the indicatory departrrent itself and the 
circuit baseplate taking 
The [nl it camot enter and leale wlh aromd·lhe air wilh the unit wnch-is 
attached 
The way close airtigi~ the conwction point to ttie air rrandatorily wth the 
fan 

PCT/US2013/065264 06.03.2014 

http://www2.orbitcom/11 E0595 DF2E9F 4A3FEAC732F53A39F6D.cache .. 

2/17/2014 5:32 Pl\ 

SEC et al. v. MRI 
SEC Exhibit 1022.3483 

IPR2023-00221



2 of6 

It rmde Iha OUUet because cl Iha (ru] an,i° Iha structise which possesses 
only lhe sucking mouth. it is dense 
Wilh neat dissipation melhod cl lhe plasma day spray which is featured. 
5. lndicatcry depar1ment itsetr cl plasma day spray r-ng 
The circuit basepate ..tiich controls the plasma day spray in order ID heal 
In the strucllre ..tiich is ins1alled, Iha indicatcry department itself and Iha 
circuit baseplate taking 
The [nl it cannoc enter ano lelMl wilh aromd Iha air wilh the urit 'Mich is 
attached 
The way it closes airtight. installs lhe indicatcry department itself and Iha 
circuit baseplate uni-
Only bottom ID open wilh (tsuto), on lhe side abow in the fan 
lnstalUng lhe outlet -..tiere it dependS, it makes Iha structure -..tiere Iha 
com.<>etion flC>NS ID on from under 
It is heat dissipation method al Iha plasma day spray which features thing. 
6. lndicatcry depar1ment itself al plasma day spray releasing 
lhe circuit baseplate 1Miich controls Iha plasma day spray in order to heal 
In the SIJIJCture 'Atlich is inslaDed, Iha indicatcry departrrent itself and Iha 
circuit baseplate taking 
way the (ri] the opering of Iha unit which is attached can be dil.ided into 
plu"al, length 
Prol.iding the wall, Iha strucl>se ..tiich inits Iha flew al Iha air and can make 
flux ras1 
The piastre day spray which reaues lhal it does heal dissipation 
Law. 

OCLM 
1. nX?f-f';<.:11.,-f'l::SL ,,. ftff-ffll 
:f:~~till!i\T-Q t=oll.>l::nX-a"i'-f';;<.:::fl,~$111!11T-Q 
@IIHU!i~llll•Jt-tl-t-Qt=olf.>(1)1<"-M!ll.!:111!lclllmf!ll:f:~ 
.!:o,r.iI:::!l!llll~11tIt-i:1!l$llil'Jl::Ji'fillT-Q;:.!:£~lll.!:T 
-Qn::t:.-a"i'-<;;<.::11.,-<o,tt!!lln$. 
2 nX?f-f';;<,::11.,-f'£tillll!T-Qlii!i'!h15 
l!i£11ll•Jt-tlt-Qf:oll.>0)1(;j<.JJ..llJll::i&L':i6.;>;$/ll0)~£1' 
1111::lltl-t • ..t.illl::l;l:l!tt!IL$/llO)~~lll:I-t1:77::.,l::J:: 
-Qjl$ll:!l!l'ftT-Q;:.!:£~lll.!:T-Qlll>ltJJl1 Bcllo,n;;C 
-a"i'-{;;<.:11.,-f'O)Ji!l:P./!;1;$. 
3. n;;C-a"f-f';<.::11.,-<o,ft;j<llfl:f:~£1ill 
P.l:T-Qt=oll.>I::lliiil::!!lle;.JJM:O)J'U,,<'r~lll!'lnL. i,O) 
..t.l::,l!ili,(1)11i~l;l:•J-:>l-t-Q;:.!;I::J::-:,,::ft;f-ffll;f;~O);!l 
.!!tb•~~il'Jl::t!J-l::t.i:-Q.l:3I::Lt=;:.!:£~1t.!:T-Q-;/ 
5;;C"'7f-{;;<.:1\.,-{0)Ji!l:l!!l"1i$. 
4. nX-a"i'1';<.:1l.,-f'O)ftff-f!ll:f:~£1i!I: 
!!llT-Qt=b'>l::nX"'7i'-f';<.:::fl,-{~$11lll!T-Qlii!a&alli 
£11ll'Jt-tt-t-Qffli!l::SL'1:. ftff-ffil*~.!:lii!il~lli£11ll 
'Jt-tlt-Q.:i.=--:,t-.!:O)r:110):!l!lr(b<Jili!l.!:t!IJ..•J~f,i:L' 
J::3I::!!l'rllL. 7y::.,I::J::-:,1:l!l$llll'.Jl:::!l!lr(~:);ljji!~tt 
-Qt.:b'>O)lltt!JO .!:IRL ,J6.;,,.oo,.;,,.£:fi"T-Qffli!l::Lt.:;: 
.!:~ll.!:T-Q-;:/5X"'7i'-f';<.:::fl,-f'0>1i!l:!!A;1;$. 
5. -;:/5,(?f-{;<.:::fl,-f'O)ftff-ffil*~~Ja: 
P.l:T-Qf=oll.>l::n;;C-a"f-f';<.::11.,~til!#T-Q@li&Alli 
~lli•Jt-tt-t-Qfflial::SL ,, • 'l'l!ff-ffil*~.!:@lll!Alli~llll 
<Jt-tl-t-Q1=.-:,t-.!:O>!lll0)'./2$!\t,(Jlilli!l.!:t!JJ..LJ~f.i:L' 
.1::3I::!!l'rl!L. ftff-111!:f:~.!:@lil~l!i£11ll<Jt-tlt-Q1=. 
-:,t-.!:O>llll~l'~O).;>;lffltil!L • ..t.1!1!0)!Miiil::l;l:7y::.,I:: 
J::-Qftl!l 0£1!1-i'l!lL ,:::);ljji!b<l'b'o;,..t.---.jji!:h.-Qffti!l::L 
t.:::.!:fftlll.!:T-Q-;/5X?f-1';;<.:1l.,-1'0)Ji!l:!!ll;1;ffi. 
6. nX-a"f-f';<.:::fl,-f'O)ftff-lll!:f:~£1i!I: 
!!l!T-Qt=oll.>l::-;15;,:_.,,..,:-1';<.:::fl,~llf!#T ,o@lill&lli 
£Jlll<Jt-tlt-Qfflilil::SL ,,. ftmlll!:f:~.!:@111!£1!i£11ll 
<Jt-tlt-Q.:i.=-•:,t-.!:0>11fl!ll~1llal:::»1!~-Q.l::?l::jll 
I::!lt~lltlt,:!l!~O)liif:h.~IBli'.LliifiS!~(~-Qfflill 
l::Lt=;:.!:~~M.!:T-QnX-a"i'-f'A:::fl,-f'o,Ja:2&1; 
ffi. 
DESC 
(0001) <The technical field ID whieh irMll11ion belongs>As fer lhis irMll11ion, 
(pu"azumadeisupu) 
In crder ID install Iha circuit baseplate on back of the indicatory departrrenl 
itself of Iha ray 
Being something regarding Iha heal dissipation melhod in Iha case IM'l8re 
lhe panel exists 
Certain. 
(0002) < Background cl lhe lrnention>lndicatcry depaitrren! book ol rcmer 
plasma day spray -
As a heat dissipation method of the body, those 'Mlich are stn.n in Figure 6 
being general, the (a] 
(ru). 
(0003) In Figure 6. as ror 1 Iha inclcatory department itself, as rcr 2 heal 
dissipation 
II is the fin o, back al lhe indicalory department itself 1 heal dissipation fin 
2 
It is instaDed. And, it is not shown in Figure 6 
In crder ID dri'"' lhe indicatory departrrent itself on rear side ol indicatory 
department itself 1, 
The circuit P board is instaned. 
(0004) As for heat of indicatory departrrent itseW 1. with natural air coollng 
releasing 
It heated. Narre!y, the heat 'Atlich occurs from indicatcry department itself 1 
In being lransnitted ID heal dissipation fin 2 and emitting heat in Iha air 
Depending, it is cooled. 
(0005) <Problem ID be - by Iha irnention,>ln order ID keep increasing 
brightness, 
It is necessary ID increase Iha e!ec:tric power consu"l)tion of Iha indicatory 
depar1menl itse~. 
lndca1Dry ciepartment itself cl the alxM>-lrenti<red rcmer plasma day 
spray neat dissipation 
Wilh law, --.c!anl upon the increase of e!ec:tric power consun-.,tion 
lllfTl)eralLre rise al the indicatory department itself 
lhe releasing 1M1ere bec:orres considerable, is rmcnted on back al Iha 
indicatcry department itself 1 
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In order thermal fin 2. to enlarge, big spatial capacity necessity 
To do, also weight of the whole set to becorre heavy, at the same tirre heat 
dissipation fin 2 
Cost was required. And, as for rraterial of indicatory department illietl glass 
Because so it is, in case ol the picture ..nch radiates locally, it is the pan ol. 
that 
· Depencing on the len'\'.)erature difference of the pan where (keJ terrperature 
rises. has not ii up 
Because the crack OCCISll, heat dissipation fin 2 smal size, is tighlened 
densely 
With it is difficult. 
(0006] In the future benefit enlargerrenl and to high brightness 
(pu-azumade] which Is comefted 
At the time ol chair playing. in rise of electric -• consun,,tion ol the 
indicatory department itself 
In the tendency where """""ature of the [ruJ indicatory depar1ment itsell 
rises "Mth forrrer melhod cold 
There is a possibitity . 
(0007] <Measures to solle the pioblem>ln order ID solle the aforementioned 
topic, 
As for heat dissipation method of plasma day spray d this imention. [huaJ 
With the forced air cooling due to (n], past COIT!l"'ed ID cooling abiity 
irrp-Ol.<lf1'l8rll 
The (se] it is with the thing, guaranteeing the opening in the indicatcry 
depar1rnent ilself and the panel, 
Doing. ii indicates by -gnating the air at that time as the forced 
comection 
It designated that it hies ID be able to cool the section itself Ll'liforrny as 
feature 
It is the thing. 
(0008J With the natural air cooling by the former heat dissipatiori fin, the 
chart 
When electric power coosurJl)liori of the section itse!f becomes large, form 
ol lhe heat dissipation fin 
Because is large and becomes thickneSS of set nad increased, but book 
depanure 
According to discernrrent. losing the heat dissipation fin. it made forced air 
cooling ' 
With, it is possible to inake the thickness of set thin. And, bureaJ 
Vis-a-,.;s the terrpera!ure rise by the picture which 6ghts up section the 
indicatory department book 
As the rretamc plate whose thermal conductivity is good on back of the 
body is stuck 
It equalizes rrore efficienlly than past with the spread action of the air 
densely 
With it is possible. 
(0009] Because of this also the heat dissipation fin reduces "Mth the fact that 
In order ID finish, as cost decrease can be assured. the whole set 
Light weight COOIIBfSion and quality reliabitity d weight ID ifTl)f'(M', high 
brightness and enlargerrent . 
It is possible to actualize. 
(0010] <Fam of ..-::ution of im.ention>ln claim 1 of this imention and claim 
2 . 
As for inwntion of s1a1emenl, in the indicatory department itself and the 
panel prlllAding the opening 
The indicatory depar1rrent itse!f can be cooled at that of the (tel time with 
the farced ccmection · 
It features that the sea urchin it does. 
(0011] In claim 3 of this imention as for imention of statement claim 1 · 
And in the indicatory department itself and the panel sarre as claim 2 the 
opening . 
Prol,lding, it cools the indicalI>'y depar1ment itself at that time 'Mth the 
forced corn.ection 
[ruJ occasion themlal conducllvlty and coefficient of heat transfer it is 
high on back of the indicatory departmenl itself 
By sticking the melallic plate fU"thermOr8 il1"fl'l)\,OO'l the efficiency of heal 
dissipatiori 
As it can point. losing the part where terrpErature becams l"igh locally 
It features that entirety ~e is equalized. 
[0012] Claim 3 of this irM!ntion. claim 4 and claim 5 
As for the contents which are stated, claim in the same way 1 and claim 2 
the chart 
Prol,lding the opening. in the section itself and the panel at that tirre forced 
opposite 
With rrow the indicate>°)' departrrent itself is cooled wi1h the ran the 
occasion where the sky , 
To suck in order to prorrote the floW of the air and, tirril the mouth the 
indicatory department 
Way flux of the opening part in the substance and the panel can be rrade 
fast 
It features that it does. 
(0013] Below, (puraJ in the farm of e,ecution of this irM!ntion 
Concerning the heat dissipation method of the indicatory departrrent itself of 
(zumadeisupurei]. the figure . 
You ~n making use of the surface. 
(0014] (Ferm 1 of e,oacution) as for Figure 1, one execution of this imention 
The indicatory deplrtTlenl itself of the plasme day spray in fam and the pas 
The strabisrrus figure which shc:N.s the instaDation slate of lhe flannel and 
the circuit P boa1j 
It does. 
[0015] According to the 1st wecution e-,pe of this inwntion, 
[pu-azumadeJ 
Circuit P board 4 in order to drile the indicatory departrrent itself 1 of chair 
play 
The structure which is installed in panel 8 is d018. Circl.il P board 
IC in ader to driw indicatory department itsell 1 being mounted by 4 
It.is. Way it.is shown in Figure 1, the indicatory .department .itself 1 and 
panet8 
PrOloiding the opening between, forcing the layer of the air at this time with 
fan3 
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Causing th8 c«MlCtion by puling to lhe mark. lhe structure v.nch cools 
The [tsu] [tel it is. lndicatory department Itself wth 1 and panel 8 selling al 
opening 
Concerning, lhe flaw al lhe air inside as rruch as possible in lhe lu'bl.dent 
territay 
Because al the acquaintance. the opening =S to do, lengthwise al 
indicatay department itself 1 
When length =Lit does. from S=1.2>C10-2l 2.3 
In order 10 beeare x10-2L. it S818CteCl. Panel 8 srren 
The [te), p,-o-,,iding enission mouth 7 in erder to pull mandalorily wth ran 3. 
lhe [a] 
[ru). Ard, in order to suck the cold air outside efficiently frcrn undemea1h 
Inlet pert 6 is pnJlided. 
[0016] Concerring lhe form al inlet port 6, the indicatory department itself 1 
When with flux d the air al the openng part is dropped wth panels 8, cold 
Because efficiency bec0rres bad, it makes 2 times that the opening area of 
enission rmuth 7. 
It is. 
[0017] With these, indicatory department itself 1 is cooled 
The conwction ID abo.e OCCUTing from under 1he [me] and taking heat 
possibllty 
[ru). Lntil recently, because it is the na1ural air cooDng by heat dissipation 
fin 2. 
CooDng efficiency to be bad. and indicatory department itself 1 
enlargm,ent and high trightness. cornersion 
When it does, size al heat dissipation fin 2 lD becorre large, especially 
height 
Because it beecrnes large, ii to be possible to make the thici<ness of set thin, 
in 
The [!Su] ii is. 
[0018) But. according to this i"""1tion the indicatory department itseW 1 and 
the pas 
Making the opering of flannel 8 narrow, rather, you obtain sufficient flux 
Because ii can do thing, it ID be possible to make the thickness of set thin, 
[ru]. 
[0019) (Form 2 al e,ecution) es fer Figure 2. one 8"eeution al this im.eition 
The indicatory depa'trrent itself of the piasma day spray in form and the pas 
The cross section diagram of the fiamei is shown 
[0020) Acccrding to lhe 2nd e,ecution ""'3rTl)le of this im.eition, 
[pu-azi.made) 
The putty ..tlosa thermal conductlvtly is good on back of the indicatory 
department itseW 1 of the chair play 
9 is applied and furthermore thin metanic plate 10 is installed on that. it is 
dense 
With, in indicatay department itself 1 of lhe plasma day spray 
Being, occurrence of the local t""""'ature rise IMiich is due to the radiation 
of the specific part anti 
The role v.llich designates stopping indica10ry depar1menl itself 1 entirely as 
unifcrm terrperall.re the fruit 
ltis it does. 
[0021] Furthermore, wth the i~ of coefficient al heat lransfer. the 
indicatay department itself 
It is possible to enit heat of 1 to the atm::>sphere efficiently. 
[0022] (Ferm 3 al 8"eCution) as fer Figu-e 3, one execution of tis il'M!nlioo 
The indicatory depa-1rrent itself al the piastra day spray in form and the pas 
The cross section diagram wnen the plate is instaied wth lhe flannel 
It does. 
[0023] Acccrding to the 3rd e>ecutioo ""'3rTl)le of this im.eition. 
[pu-azi.made] 
The irdcatory departlTent itself al chair play in the opering al 1 and panel 
8 
The top and bcCtcm in crder to irTVCM> 'the efficiency of the faced air 
coo11ng by ran 3 
Way can instal plate 11. cannot enter and iea-.e the air 
Closing airtight by, from ooty inlet port 6 from outside the cold air entrance 
It made the [ru) way. 
[0024) Because of this. the air. -..hose is cool from outside the ..,,._.,, part? 
Ard others adopting, by rraking the CClrMlCtion IMiich flaws to upward, the 
chart 
It became JX)ssible to cool section itseW 1 efficienlly. 
[0025) (Form 4 al 8"eeuticn) as for Figure 4. 008 ED<eCution of this im.eition 
The indicatory depa1ment itself al the piasma day spray in fcrm and the pas 
In wth the flamei only top the cross sectioo diagram of a slate where it is 
closed 
It does. 
[OCX26] Accerding to the 4th O>eCUtion ""'3rTl)le of this im.eition. 
[pu-azi.made] 
The irdcatory depar1ment itself of chair play in the opening of 1 and panel 
8 
In erder to i11'1'fOW the efficiency al the forced air cooling by ran 3 abol.e 
it closes. furthermore it eicpels also lhe inlet port 61Mlich has been pro.ided 
underneath panel 8 
Stopping, it designates the cold air from outside as lhe strucll.re wtich 
enters from onry underneath 
Due ID especially, the circuit P board in ader to driw indicatory department 
itseW 1 · · 
Releases heat !rem 4 decreasing lhe influence al the hot blast wtich 
possibiity 
[ru). 
[0027] Furthermore, indicatory departrrent itself opening part ol 1 and panel 
8 
The air outside set is inhaled as mainly as possible frcrn underneath, 
Because it can do [n-u) thing. cooDng v.tlose efficiency is good becomes 
possible. 
[0028) (Form 5 of O>eCution) as fer Figure 5, 008 8"eeution of this irMJntioo 
The indicatay <lepa'tment itself of the p1astra day spray in fcrm and the pas 
The strabisrrus figure of a state ,.t,ere the partitioo plate is installed in wth 
the flame! 
ii shows. 
[0029] Acccrding to lhe 41h eJ<SCUtion ""'3rTl)le of this i,-ition_ 
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[pu-azumade) 
ln<icalllfy departrrent itself of chair play opening smell of 1 and panel 8 
The case of lhe forced air cooling due to the [le) end fan 3, as in Figure 5 
the dilider 
The plural roans (in Figure 5 di,.;sion) it separates into 3 rooms with board 
12 
In installing fan 3 in each roan 'Mlich it does, is separated the [tsu] 
[le), in<icatory depar1rrent itself flow of air of openng of 1 end panel 8 
JX"oduct 
From lrder it changes into the pole on. 
[OCilO) The fan 3 ..tlich it adjoins by separating. 
Without recei,.;ng influence rrutually, the indicatory c:lepar1Jren! ilsell 1 and 
the panel 
There are no tirres ·"""" the disorder Is caused in the flow of air layer at the 
opering of 8 
Because lhe [ru] cooling efficiency becorres good. 
[0031) < Adwntages of !mention >>Like 800\/B (purazurooeisupu) of this 
irnention 
According to lhe heat dissipation method of the indicatory depanment Itself 
of the ra-,, you haw used until recently, 
It Is to make Ille heat dissipation fin unnecessary, cost decrease can be 
assured v.tlen also 
Also it becolT'es possible to fighlen. Furthermore nurrtier of articles 
decreases 
In order to do, quality reliabifity to in,,row, thickness size of set 
It is possible to reduce. · 
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[~;J<Jfi6] 7"7;(?"f-1A7"v10)~U-fit;;~tl<: 
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::1 A J-i)>;b>;b>-:, -C ~ ,t._:. )C ~~$*-fii';;0)1'1Jr!j:jf 7 A 
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Ii'*~~,~ Q t..:<lb-e ·y r-0)/¥7J.iJ<f:tt1JU L "'C ~ ,t.:IJ', *~ 
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t:: J: l'J , -e •:, J--(7)J¥h-Hi < i" 7.i .:: c iJ,-r-~ Q. JC raj 

$tl'9t::B!:Ti" ~ ii!iiiiit:: J: Q "J:.nt::~ L -C U~r-$* 
-fii';;O)ft,:~{i~tt.(7)~~ ,.if~a-!Ui l'Jitlt Q cc b t:: 
~O)JltfiXfFmt::J: l'J~J: l'J i~*tt9t::t!;J-ft-to.:: 
t1.1,-r·~ Q. 

[ 0 0 0 9 ] .::tt.l::J: l'J~7 1 >' {,j!jlj~ -t>.:: c 1.l'"C' 
ts ot..:<lt:>, ::7.A I--Y'7>'a-W1.Q cc ll::, -e·:, !-~#: 
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[0010] 
[ ~BAO)~!ffiO)~§] *~B,ij0)~3.l<Jj'{ 1 &tf~;J<"Jj'{ 2 ,:: 

liclJtO)~BAl;I:, ~r-$*-fit;;c"-t-,1,,t:::t-3~ ,-c~JJtFsl~flHt 
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if!:ptl;fl{Jt::iUa-:tt;J-1tT o.::. t ~~ffit To. 
. [ 0 0 1 2 ] *~BJjO)ffl3.l<JJi 3 ·, ffi*]Ji 4 &Ufil!i3.l<IJ'f 5 

,::ll~ ~ ht..:. r-J~tl:, fil!J3.1<3Ji 1 &tffil!l3.1<3Ji 2 t liiltl ,:!& 
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~t:::51 <.::. t t::J:-=> -C:t-lima-~.::. l -Cr,?;WT offl~ t :i:t 
-=> -c "'o. !&jf-$::its:#: 1 t1,t-1v8 t O)fl:m::~tmJO)~Ji:'. 
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i,Jv t O)lfflt::-Yv- ~ a-n tJ t-t1tt..:.~O)ltJrffiil:Hia-jf­
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ABSTRACT: 

PURPOSE: To prevent the cooling efficiency of a radiator 
from being deteriorated by a method wherein a partition 
used to partially separate a tank part from a radiator part is 
installed to a protective wall and ventilation ports used to 
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DOCUMENT-IDENTIFIER: JP 02062015 A 

introduce cooling air independently of each other are 
installed to the tank and the radiator part. 

CONSTITUTION: A protective wall 7 is arranged, by 
keeping a prescribed distance from a tank wall, at the 
outside of a tank 3 where a content of a transformer has 
been housed. A partition 8 used to partially separate the 
tank part 3 from a radiator part 4 is installed at the 
protective wall 7. Ventilation ports 9, 10 used to introduce 
cooling air independently of each other are installed at the 
tank part 3 and the radiator part 4. The air introduced from 
the ventilation port deprives the tank 3 of heat dissipated 
from its wall; after that, it is passed through the central part 
of the partition 8, is raised between radiators 4 and is 
discharged to the outside. The air introduced from the 
ventilation port 10 deprives the radiators 4 of heat 
generated from the radiators; after that, it is raised and 
discharged to the outside. Thereby, it is possible to prevent 
the cooling efficiency of the radiators 4 from being 
deteriorated. 
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ABSTRACT: 

PURPOSE: To hold cooling liquid invariably clean while 
the device is in operation by circulating the cooling liquid 
which contacts an IC and fitting a filter in its circulation 
path. 

file:///CI/Documents%20and%20Settings/tduong/My%20Do ... 834_201 l-05-09 _JP _02307080_A_M_Accessible Version.htm (1 of 2)5/9/2011 9: 12:33 PM 

SEC et al. v. MRI 
SEC Exhibit 1022.3499 

IPR2023-00221



DOCUMENT-IDENTIFIER: JP 02307080 A 

CONSTITUTION: A BT printed board 1 where the IC is 
mounted is fitted to an elevator 2 and moved up and down 
by a winch 3; when the printed board 1 is elevated, a door 
4 is opened to take the printed board 1 in and out and 
when the printed board is lowered, the printed board is 
dipped in the cooling liquid filling a BT layer 5 and the IC 
mounted on the printed board 1 is supplied with electric 
power from a BT power source 6 through a cable 7 to 
perform BT operation. The cooling liquid flows to the filter 
14 from a pump 13 to have its contamination removed, 
exists from a blowout port 8 to fill the BT tank 5, and then 
flows in an overflow tank 9 to enter the pump 13 again 
through a drain port 10. Consequently, the cooling liquid 
can be held invariably clean. 
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