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display device 1, the inside space of a parl thereof is subsiantially in a hemetical stale
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ABSTRACT:

PROBLEM TO BE SOLVED: To perform efficient cooling and
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SOLUTION: In the optical unit 9 of a projection display
device 1, the inside space of a part thereof is substantially
in a hermetical state by light guides 901 and 902, an upper
sealing plate 991, a lower sealing plate 1150 and a head
plate 903. An air circulating flow 1180 circulating up and
down is formed by a circulating fan 15B arranged between
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Abstract of JP 2002158475 (A)

PROBLEM TO BE SOLVED: To provide a hermetically
sealed enclosure for planar display device that is made to
be inexpensive by housing a commercially available
ordinary planar display device together with an air
conditioner and can be installed to any location.
SOLUTION: This hermetically sealed enclosure 20 is
divided into an upper housing chamber 20a and a lower
housing chamber 20b having a hermetically sealed
display window 25 in its front face by a partition wall 21
The enclosure 20 has a display window 1a facing the
window 25 in its front face, a plurality of suction openings
1b in the lower parts of its back face, and a plurality of
supply openings 1c in the upper part of its back face. In
this enclosure 20, the planar display device 10 provided
with a plurality of fans 5 correspondingly to the supply
openings 1¢ is housed in the lower housing chamber 20b.
In addition, the integrated air conditioner 30 which sucks
and cools the air warmed by the display device 10 and
discharged into the chamber 20b by means of the fans 5
and circulates the cooled air by blowing the cooled air into
the chambers 20b is put in position in the upper housing
chamber 20a.
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PROBLEM TO BE SOLVED: To prevent a light diffusing plate from being deformad in a
manner of releasing a sealed state of 2 lamp chamber and a liquid crystal panel
chamber aranged on both sides of the diffusing plate within a liquid crystal display
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PROCEDURE AND APPARATUS FOR CONTROLLING THE TEMPERATURE OF A
DISPLAY SURFACE

The present invention relates to a procedure as defined in
the preamble of claim 1 and an apparatus as defined in the
preamble of claim 5 for controlling the temperature of a

display surface.

The procedure and apparatus of the invention, which are
hereinafter also referred to by the common designation “so-
lution of the invention”, is particularly well applicable
for use for controlling the display surface of electric dis-—
plays, such as TFT, LCD, plasma or similar display devices,
either by cooling, heating or in some cases even drying the
display surface. This type of electric displays are also

referred to as digital displays.

Aforesaid displays provided with a digital display surface
have been mainly used in indoor spaces, which is why they
have generally been non-encapsulated. The display surface of
the display has therefore Dbeen in direct contact with ambi-
ent air, and consequently it has been impossible to control
the temperature of the display surface accurately enough.
Still, this type of displays generally work without major
proklems in indoor spaces because the air circulation rate
is sufficiently high to prevent the display surface from
becoming overheated. However, as displays used for different
purposes have been gaining ground, there has arisen the
problem that a bare display surface can not be left exposed
to touch by people. Such exposure may lead to damage of the
display surface in consequence of vandalism or otherwise due
to the surface being accidentally touched with excessive
force. For this reason, a display surface that is exposed to
touch by people has to be protected with a pane of glass,
plastic or equivalent placed in front of the display sur-
face, Often it is also necessary to encapsulate the entire
display. However, such encapsulation and protective plate in
front of the display surface easily cause overheating of the
display surface, which is due to the display’s own heat pro-
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duction, the sun or other external heat sources or the com-
bined effect of these. Overheating may reduce the service
life of the display if it e.g. causes local' damage to the
display, or overheating may damage the whole display beyond

repair.

Due to the difficult control of temperature of the display
surface, it has been difficult to use aforesaid electric
displays outdoors where the display surface is more readily
exposed e.g. to direct sunshine, which might cause excessive
heating of the display surface. Besides, bright sunshine
affects the visibility of the display surface. In bright
illumination and in sunshine, the display’s own brightness
has to be increased, and consequently the additional power
needed to form the image and increase the contrast produces
a higher surface temperature of the display, thus heating
the display surface further. Likewise, when used outdoors
the display surface may be exposed to other extreme condi-
tions, e.g. rain or low temperatures, in which aforesaid
electric displays do not necessarily work without a heating

arrangement.

In prior art, international patent application no. WO
01/99482, among others, discloses a solution for cooling an
encapsulated electric display. However, the solution accord-
ing to this WO specification concentrates on cooling the
components located in the rear part of the display casing
and on cooling the rear part of the plasma display, as is
stated on lines 1-10 on page 2 of the WO specification. In
addition, from Fig. 2A and 2C of the WO specification we can
clearly see that the display surface 2la is outside the cas-
ing and the cooling air gap E is on the opposite side of the
casing, behind the display 21. Although the display is en-
capsulated, the display surface in this solution, too, is in
direct contact with ambient air, so it 1is not possible to-
reliably implement control of the temperature of the display
surface, and the display surface 1is exposed to vandalism and

damage from being touched.
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Previously known is also a solution as disclosed in British
patent application no. GB2357178 for controlling the tem-
perature of a plasma display in a case where the plasma dis-
play is enclosed in a hermetic casing provided with a trans-
parent front plate to prevent disturbances caused by dust
and other particles present in the air. In the solution ac-
cording to this GB application, the cooling air is taken
through filters directly from the external ailr surrounding
the casing and returned after the cooling function from the
casing directly back into the space outside the casing.
Therefore, controlling the temperature of the air taken from
cutside the casing may prove difficult because the tempera-
ture of the ailr may change even very quickly e.g. when the
sun emerges from behind a cloud and heats the air. Likewise,
displays used outdoors are exposed to large temperature dif-
ferences in different seasons, and therefore correct control
of temperature is difficult. Moreover, in the solution ac-
cording to the GB application, the air stream is blown into
a gap 26 behind the display panel, between the display panel
13 and an auxiliary panel 12 behind the display panel, and
not into the gap between the transparent front plate 14 and
the actual display surface. Consequently, control of the
temperature of the display surface itself is not as fast and
efficient as it could be. Besides, in the solution according
to the GB application, the air stream is not equalized in
any way, so the air stream may be different in respect of
cooling/heating power in different parts of the display. In
difficult conditions this may result in damage e.g. to a

part of the display surface.

Thus, both non-encapsulated displays and partially or com-
pletely encapsulated displays still have the common drawback
that no reliable arrangement for controlling the temperature
of the display surface has been achieved, and consequently

the use of electric displays is restricted.
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The object of the present invention 1is to overcome the
above-mentioned drawbacks and to achieve a simple and reli-
able procedure and apparatus for controlling the temperature
of the display surface of an electric display, in which so-
lution the display surface of a display placed in a casing
can be provided with a protective glass pane or equivalent.
A further object is to achieve a procedure and apparatus
that will enable the use of an electric display for many
different purposes and in many different places of applica-
tion. The procedure of the invention is characterized by
what i1s disclosed in the characterization part of claim 1.
Correspondingly, the apparatus of the invention is charac-
terized by what is disclosed in the characterization part of
claim 5. Other embodiments of the invention are character-
ized by what is disclosed in the other claims.

The solution of the inventlon has the advantage that, being
completely encapsulated, the display device, in more simple
terms the display withstands all kinds of external condi-
tions, including exceptional situations, whether caused by
weather or man. An additional advantage is that the encapsu-
lated construction with the display surface placed inside a
casing enables the control of the temperatuie of the display
surface to be reliably implemented so that the limit tem-
perature values specified by the manufacturer will not be
exceeded under any cilrcumstances at any point of the display
surface. The advantages resulting from this include a longer
service life of the display and more versatile possibilities
of use of the display than at present. The display can be
used both indoors and outdoors and also at a close distance
from spectators as the display surface is protected against
touch. A further advantage is that the casing of the display
can be easily provided with a cooling system, allowing a
display provided with the solution of the invention to be
safely used even in reasonably hot outdoor conditions. An
additional advantage 1s good sound insulation of the fans
used, because the fans producing the air streams are placed

as far away from the front edges of the air ducts openirig in
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the spectator’s direction, so that the fan noise carried by
the air stream travels through as long a distance in the air
duct as possible. Yet another advantage is that the closed
box-type structure also protects the display from dust,
sand, water and other harmful materials. A further advantage
is that, as a constant dynamic pressure is maintained over
the entire width of the display surface, the velocity of the
flow of circulated air can be equalized over the entire
width of the display surface, so a sufficiently even flow
velocity is achieved even in the display surface edge areas
having the greatest flow resistance.

In the following, the invention will be described in detail

with reference to an embodiment example and the attached

drawing, wherein

Fig. 1 presents a technical soluticn according to the
invention in simplified and diagrammatic form in
side view,

Fig. 2 presents a technical solution according to the
invention in simplified and diagrammatic form in
top view, and

Fig. 3 presents a technical solution according to the
invention in simplified and diagrammatic form in

front view.

To provide an understanding of the solution of the inven-
tion, first a technical solution implementing the procedure
of the invention for controlling the temperature of the dis-
play surface of an electric display will be described. Fig.
1 presents a simplified and diagrammatic cross-—-sectional
side view of a casing 1 according to the invention. An arrow
pattern 8 represents the circulating air stream used to con-
trol the temperature of the display surface 6a. The casing
structure comprises e.g. a thermally insulated envelope 2,
which has an open front provided with a transparent protect-
ing element 3, such as a glass or plastic plate or a corxrre-

sponding transparent structure. The envelope 2 and the pro-

SEC et al. v. MRI
SEC Exhibit 1022.3563
IPR2023-00221



WO 2005/079129 PCT/FI2005/000098

6

tecting element 3 together form a substantially closed and
substantially watertight and airtight casing structure, in-
side which a display device 6, i.e. a display provided with

a display surface 6a can be mounted.

Provided in the upper part of the envelope 2 is an air duct
4a of a width covering substantially the entire interior
width of the envelope 2, which air duct forms a hollow
structure with an L-shaped cross-sectional profile such that
a first branch of the L-profile is substantially parallel to
the interior upper surface, i.e. ceiling of the envelope and
adjoins the ceiling of the envelope 2 while a second branch
of the L-profile is substantially parallel to the interior
rear surface, i1.e. back wall of the envelope 2 and adjoins
the inner surface of the back wall of the envelope. In the
lower part of the envelope 2 is an air duct 4b corresponding
to air duct 4a and placed in an upside-down position with
respect to air duct 4a and adjoining in a corresponding man-
ner both the back wall of the envelope 2 and the interior
bottom surface of the envelope 2. The front edges of the
first branches of the air ducts 4a and 4k, i.e. the branches
at the ceiling and bottom surfaces of the envelope 2 extend
to the front part of the envelope 2, close to the rear sur-

face of the protecting element 3.

The air duct 4a in the upper part of the is provided with at
least one fan b5a, which sucks air used for controlling the
temperature of the display surface 6a from the air duct 4a
and blows the air further into a space 10 in the rear part
of the envelope 2, which may contain e.g. display components
producing turbulence in the circulated air stream. The fan
5a 1s secured to the second branch of air duct 4a, i.e. to
the branch adjoining the rear wall, close to the space 10 in
the rear part. Similarly, air duct 4b is provided with a fan
5b secured to the second branch of the air duct, i.e. to the
branch adjoining the rear wall. The fan 5b sucks air from

the space 10 in the rear part of the envelope 2 into air
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duct 4b and blows it further through the air duct 4b towards
the front part of the envelope 2.

The front part of the air duct 4b in the lower part of the
envelope 2 is provided with a throttle element 7b, such as
an air gap or eguivalent, throttling the circulated air
stream and having a width substantially covering at least
the entire display surface 6a, the effective cross-sectional
area of the throttle element being smaller than the effec-
tive cross-sectional area of air duct 4b after fan 5b. Cor-
respondingly, the front part of the air duct 4a in the upper
part of the envelope 2 is provided with an exhaust element
7a, such as an air gap or equivalent, for the exhaust of the
circulated air stream, said exhaust element having a width
at least substantially equal to the entire width of the dis-
play surface 6a and an effective cross-sectional area at
least equal to the effective cross-sectional area of the

throttle element 7b.

The display device 6 is so placed inside the envelope 2 that
between the display surface 6a and the protecting element 3
there remains an air gap 8 having a substantially uniform
width and oriented in a direction parallel to the plane of
the display surface 6a, in which air gap the circulated air
stream 9 produced by the fans 5a and 5b has been fitted to
rise along the surface of the display surface 6a from the
lower part of the envelope 2 to its upper part to control

the temperature of the display surface 6a.

Fig. 2 correspondingly presents a simplified and diagram-
matic cross-sectional top view of the casing structure 1 of
the invention. The arrow pattern 13 indicates the path of
the cooling replacement air in the casing structure 1 of the
invention. Placed on each interior side surface, i.e. side
wall of the envelope 2 has a hollow air duct 1la and 1lb of
L-shaped cross-sectional profile substantially corresponding
to air ducts 4a, 4b. The first branch of the air ducts 1lla,
11lb adjoins the side wall of the envelope 2 and the second

SEC et al. v. MRI
SEC Exhibit 1022.3565
IPR2023-00221



WO 2005/079129 PCT/FI2005/000098

10

15

20

25

30

35

8

branch adjoins the rear wall of the envelope 2. Air ducts
1la and 1lb are mitred with air ducts 4a and 4b and fastened
at the mitre to air ducts 4a and 4b, so that the four air
ducts together form a structure resembling a picture frame.
The hollow interiors of air ducts 4a and 4b are mechanically
insulated from the corresponding interiors of air ducts 1lla
and 1lb either at or near the mitre to separate the air

streams circulating in the air ducts from each other.

The vertical front side of the envelope 2 is provided with
one or more air intake openings l4a communicating with the
opening at the front edge of air duct 1lla. Air duct 1la is
provided with at least one fan 12a, which sucks replacement
air dinto the air duct from outside the of the envelope 2
through the intake opening 1l4a and blows the air further
into the space 10 in the rear part of the envelope 2, where
the replacement air stream 13 is mizxed with the circulated
air stream 9, cooling, heating or drying the circulated air
as necessary. In the labyrinthine structure of the space 10
in the rear part, the replacement air is well mixed with the
circulated air, so that the temperature of the circulated
alr is rendered as even as possible. The fan 12a is fastened
to the second branch of air duct 1lla, i.e. to the branch
adjoining the rear wall, close to the space 10 in the rear
part. Similarly, air duct 11lb is provided with a fan 12b
attached to the second branch of the air duct, i.e. to the
branch adjoining the rear wall, which sucks air from the
space 10 in the rear part of the envelope 2 intc air duct
11lb and blows it further through the air duct 11b out of the
envelope via one or more exhaust openings 14b provided in
the vertical front side of the envelope. As the air intake
and exhaust openings 14a, 14b are located in the front side
of the envelope, the display casing can even be embedded in

a wall or a corresponding mounting surface.

Fig. 3 presents a simplified and diagrammatic cross-
sectional front view of the casing structure 1 of the inven-
tion. For the sake of clarity, the figure only shows the
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circulation air 9 flowing upwards along the front side of
the display surface 6a of the display device 6. Correspond-
ingly, behind the display device 6 the circulation air 9
flows downwards, as can be seen from Fig. 1. The replacement
air stream 13 mainly separated from the circulated air
stream 9 is sucked wvia fan 1l2a into the space 10 in the rear
part, circulated in a substantially horizontal direction and
blown out of the casing 1 via fan 12b. Thus, the display
surface 6a is never directly exposed to raw air from outside
the casing but only to air mixed in the circulated air
stream 9. This results in easier and better filtering of the
alr used to contrcol the temperature of the display surface

ca.

In the casing structure 1 of the invention, the circulating
air stream 9 produced by one or more fans bbb creates an
overpressure in the lower part of the of air duct 4b, be-
cause the cross-section of the throttle element 7b in the
fore part of the air duct 4b 1is smaller than the cross-
section of the air duct 4b. The result of this is that the
pressure is equalized in the throttle element 7b and the
circulating air stream is evenly distributed over the entire
width of the throttle element 7b, and therefore a substan-
tially smooth circulated air stream 9 of uniform temperature
is flowing at the same velocity through the throttle element
7b, rising upwards in the gap 8 along the display surface 6a

of the display device 6.

By means of the circulating air stream 9, the temperature of
all pixels on the display surface 6a is controlled by sup-
plying circulation air at a temperature as required in each
situation to the display surface 6a at least over the entire
width of the display surface and at a sufficiently high flow
rate. Placed in the upper part of the air gap 8 and the dis-
play surface 6a are one or more temperature sensors, by
means of which a correct temperature of the circulating air
is maintained. Generally a temperature adjustment of the

circulating ailr stream 9 effected by using the replacement
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alr stream 13 is sufficient. To prepare the casing 1 for
difficult conditions, it can be provided with one or more
heating elements to heat the circulating air when necessary
on the basis of the information obtained from the tempera-
ture sensors. Similarly, the casing 1 can be provided with
one or more cooling elements to cool the circulating air
when necessary on the basis of the information obtained from
the temperature sensors if the cooling effected by using the
replacement air stream 13 is insufficient. In addition, the
apparatus comprises controlling and adjusting elements for
keeping the circulating air stream 9 at a correct tempera-
ture or within correct temperature limits. For the sake of
clarity, the figures do not show the temperature sensors,
heating elements, cooling elements and controlling and ad-

Justing elements.

According to the procedure of the invention, the control of
the temperature of the display surface 6a of a display de-
vice 6 1s implemented e.g. as follows: In the procedure, a
circulating air stream 9 1s circulated inside a substan-
tially closed casing structure 1 by blowing circulation air
by means of a fan 5b into an air duct 4b and throttling the
flow of the circulation air 9 away from the air duct 4b by
means of a throttle element 7b so as to create in the air
duct 4b an overpressure equalizing the circulating air
stream 9. The overpressurized circulating ailr stream 9 is
passed further via the throttle element 7b at an even flow
rate along the display surface 6a of the display device 6
substantially upwards in an air gap 8 between the display
surface 6a and a protecting element 3 placed in front of the
display surface 6a, at least over the entire width of the
display surface 6a. From the air gap 8, the circulating air
stream 9 is passed further via an exhaust element 7a into an
air duct 4a from which the circulating air stream 9 is
sucked by a fan b5a into a space 10 in the envelope 2 behind
the display device 6, in which space the circulation air is
mixed at least when necessary with replacement air sucked

into the envelope 2 from outside the envelope 2 via an air
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duct 1la by means of a fan 12a to keep the circulating air
stream at a desired temperature or within desired tempera-

ture limits.

In addition, the circulation and replacement air is used for
cooling display device components placed in the space 10 in
the rear part. When necessary, the circulating air stream is
cooled or heated by means of a separate cooling and/or heat-
ing element. The replacement air stream 13 1s partially
mixed with the circulating air stream 9 and passed out of
the envelope 2 via a fan 12b and an air duct 1lb. In addi-
tion, the circulating air stream 9 and the replacement air
stream 13 are prevented form being mixed with each other
except in the space 10 in the rear part of the envelope 2

behind the display device 6.

It is obvious to the person skilled in the art that the in-
vention is not limited to the embodiments described above
but that it may be varied within the scope of the claims
presented below. Thus, for example, the structure of the
envelope and the structure and number of the air ducts may
differ from those described above. Likewise, the placement
and number of fans may vary. Similarly, it is obvious that
the intake and exhaust of replacement air as well as the
circulation as a whole may be implemented in ways differing
from those described above. For example, the replacement air
can be taken from the side of or from behind the casing, and
it can also be exhausted to the side of and behind the cas-
ing. The replacement air can alsoc be taken into the casing
or exhausted from the casing at a point near an area con-
taining components that require e.g. special cooling. If
necessary, the replacement air can also be taken in and ex-

hausted from the same side of the casing.

It is also obvious to the person skilled in the art that the
elongated opening presented above as a throttle element may
also consist of a series of smaller apertures or holes,

which may be disposed in more than one row. The essential
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point is that the throttle element or equivalent is used to
equalize the pressure of the circulating air stream in the
air duct and thus to distribute the entire circulating air
stream over the entire width of the display surface. It is
also obvious that, instead of consisting of aforesaid aper-
tures or holes, the throttle element may also be formed e.g.
directly on the basis of the mutual positions and shape of
the display device, protecting element and fore part of the
air duct. It is likewise obvious to the person skilled in
the art that, instead of throttle elements of fixed shape
and size, the opening of the throttle element may be adjust-
able.

It is further obvious to the person skilled in the art that
the pressure, velccity or equivalent of the air stream be-
fore it flows onto the display surface 6a can also be equal-
ized without an actual throttle part reducing the cross-
sectional area of air duct 5b. In this case, using a high
power with fan 4b, in the air duct 5b after the fan 4b a
pressure is created that has a magnitude such that the whole
air duct forms a kind of throttle functioning as an equaliz-
ing element and the pressure as well as the rate of flow are
equalized before the air stream reaches the lower edge of
the display surface 6a. in this case, air duct 5b may have a
substantially constant cross—sectional area throughout its

length.

It is additionally obviocus to the person skilled in the art
that the air intake opening l4a at least for the replacement
air stream 13 may be provided with a filter to prevent dust
and other small particles present in the air from getting

into the replacement air stream 13.

It is further obvious that, instead of being formed from
plate-like structural elements, the air ducts may also be
formed by the components and other structural parts of the

apparatus.
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CLATIMS

play surface (6a) of an encapsulated display device (6), in
which procedure the display device is placed inside a casing
{1} provided with a transparent protecting element (3), and

A procedure for controlling the temperature of the dis-

in which procedure a medium, such as air, is circulated in
the casing (1), characterized in that the flow of the circu-
lated air stream (9) is equalized and after the equalization
the air stream (9) is caused to flow along the display sur-
face (6a) of the display device (6) over the display surface
(6a) .

2. A procedure according to claim 1, characterized in that
circulated air stream (9) is throttled to equalize the air
stream by means of a throttle element (7b) placed below the
display surface (6a), whereupon the air stream (9) is passed
over the display surface (6a) through an air gap (8) between
the display surface (6a) and the transparent protecting ele-
ment (3) in front of the display surface (6a).

3. A procedure according to claim 1 or 2, characterized in
that the circulated air stream (9) is passed after the dis-
play surface (6a) via an air duct (4a) provided inside the
casing (1) into a space (10) in the rear part of the casing
(1), in which space the circulated air stream (9) is mixed
if necessary with replacement air taken from outside the
casing (1), after which space (10) the circulated air stream
(9) is passed again through an air duct (4b) provided inside
the casing (1) wvia the throttle element (7b) into the air
gap (8) and over the display surface (6a).

4. A procedure according to claim 1, 2 or 3, characterized
in that the temperature of the circulated air stream (9) is
monitored by means of temperature sensors and, when nsces-
sary, the circulated air stream (9) dis either heated or

cooled by means of a separate heating or cooling element.
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5. An apparatus for controlling the temperature of the dis-
play surface (6a) of an encapsulated display device (6), in
which apparatus the display device (6) 1s placed inside a
casing (1) provided with a transparent protecting element
5 (3), and which apparatus is provided with at least one fan
{(Sb) for cilrculating a medium, such as air, in the casiﬁg
(1), characterized in that the apparatus is provided with at
least one element for equalizing the circulated air stream
(9), which equalizing element, as seen in the direction of
10 the circulated air stream (9), 1is placed between the fan

(5b) and the display surface (6a).

6. An apparatus according to claim 5, characterized in that
the apparatus is provided with at least one throttle element
15 (7b) functioning as an equalizing element, which, as seen in
the direction of the circulated air stream (9), is placed

between the fan (5b) and the display surface (6a).

7. BEn apparatus according to claim 6, characterized in that
20 the throttle element (7b) is placed in the casing and that
the throttle element (7b) 1is an elongated opening of a
length at least corresponding to the width of the display
surface (6a), the cross-sectional area of said opening being
smaller than the cross-sectional area of the air duct (4b)
25 between the fan (5b) and the opening.

8. An apparatus according to claim 5, 6 or 7, characterized
in that the front wall of the casing (1) consists of a
transparent protecting element (3) placed at a horizontal
30 distance from the display surface (6a) of the display device
(6) sc that the protecting element (3) and the display sur-
face (6a) have an air gap (8) between them through which the
circulated air stream (9) is passed over the display surface
(6a) .

35

9. An apparatus according to‘any one of the preceding claims
5-8, characterized in that, in addition to the aforesaid

components, the casing (1) 1s provided with at least an ap-
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erture-like exhaust element (7a) for exhausting the circu-
lated air stream, an air duct (4a) and a fan (5a) for pass-
ing the circulated air stream (9) over the display surface

{6a) as a smooth flow inside the casing (1).

10. An apparatus according to any one of the preceding
claims 5-9, characterized in that the apparatus is provided
with air ducts (l1la, 1lb) and fans (12a, 12b) connected to
the air ducts (lla, 1lb) for taking in replacement air from
10 outside the casing (1) and mixing it with the circulated air
stream (9) in the space (10) in the rear part of the casing
and for exhausting it from the casing (1) after the mixing,
and that the air ducts (4a, 4b) guiding the circulated air
stream (9) are mechanically separated from the air ducts
15 (1la, 11b) guiding the replacement air stream (13).

20
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Abstract of JP2005265922 (A}

PROBLEM TO BE SOLVED: To prevent noise of a fan for heat dissipation and dust flowing
in from the outside of a plasma display device and to sharply enhance heat dissipation
efficiency. ; SOLUTION: The air heated in a rear case 84 rises and stays in the upper inside
of a guide 62 arranged at an upper part of a rear space 22. The airis made o flow out
perpendicular {0 a paper surface by a sirocco fan 24 and forcibly convected downward
along the guide 62. The guide 62 is constituled so that it extends in the horizontal direction
at the upper part of the rear space 22, extends in the perpendicular direction at the side and
extends in the horizontal direction at a lower part. The air is forcibly convected downward is
naturally convected, rises as contacting the inside of the rear case 64 and cooled. ;
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(54)MODULARIZATION RADIATOR

(57)Abstract
PROBLEM TO BE SOLVED: To provide a modularization radiator whose radiating efficiency is
high.

SOLUTION: This modularization radiator includes at least two radiating modules arrayed back
and forth and at least one connecting pipe. Each radiating module includes a plurality of
radiating fins, a plurality of heat exchanging pipes, two fixing plates, a plurality of first curved
pipes and a plurality of second curved pipes. The plurality of first curved pipes are connected to
first vertical outside two adjacent heat exchanging pipes, and the plurality of second curved
pipes are connected to second vertical outside two adjacent heat exchanging pipes. The heat
exchanging pipes are serially connected so that a continuous S-shaped conduct can be formed,
and each S-shaped conduit includes an entrance and exit, and the connecting pipe is connected
to the exit of the S-shaped pipe of one of the radiating modules and the entrance of the
S-shaped conduit of the next radiating module.
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DESCRIPTION

APPARATUS FOR COOLING HEAT GENERATING SPOT OF ELECTRONIC
DEVICE, COOLING METHOD THEREFOR, AND LIQUID CRYSTAL
PROJECTOR APPARATUS

TECHNICAL FIELD

The present invention relates to an apparatus for cooling a heat
generating spot (area) of an electronic device, a cooling method therefor, and a
liquid crystal projector apparatus, and more particularly, to an apparatus for
cooling a heat generating spot (area) of an electronic device, with two cooling
units which feed air streams that collide with each other on a cooling plane, a
cooling method therefor, and a liquid-crystal projector apparatus which includes
the apparatus for cooling a heat generating spot of an electronic device.
BACKGROUND ART

Appaljatuses for cooling heat generating spots of electronic devices
have been used in a variety of forms, and cooling apparatuses which rely on air
for cooling have been developed in a variety of configurations for purposes of
simplifying the configuration. A plurality of forced air cooling type cooling
apparatuses are provided in projector apparatuses which are projection display
devices currently widely used for business and home applications.

A projection display device projects an image generated on an image
display element of an image display onto a screen under magnification. Among
such projection display devices, a liquid crystal projector apparatus which
employs liquid crystal paneis for image display elements displays animage on a

screen in the following configuration and operation.
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White light from a light source is reflected by a reflector, and is
polarized or converted by PBS (Polarization-Beam Splitter) for separation into
respective color light of red, green, and blue (R/G/B). Each separated color light
is directed into each liquid crystal panel corresponding thefeto, and optically
modulated by the liquid crystal panel in accordance with a video signal. Each
optically modulated color light is combined by a cross dichroic prism and
projected onto a screen through a projection optical system.

In this event, a liquid crystal panel which operates in a TN (Twisted
Nematic) mode can treat only a particular linearly polarized component, so that
each color light is coordinated in a predetermined polarization direction (for
example, S-polarization) by a polarizing plate before it impinges on the liquid
crystal panel, and then optically modulated by the liquid crystal panel.
Subsequently, an S-polarized component is cut by a polarizing plate on the exit
side of the liquid crystal panel to extract a P-polarized component alone.

In this way, withi-n a liquid crystal unit which includes an incident-side
polarizing plate, a liquid crystal panel, and an exit-side polarizing plate, the
incident-side polarizing plate and exit-side polarizing plate disposed before
(upstream) and after (downstream) the liquid crystal panel along the optical axis
each have functions of passing only polarized light in one axial direction and
blocking other polarized light, and therefore generate heat during their
operations due to light absorption. Also, the liquid crystal panel internally
generates heat during its operations in the same manner because part of the
transmitted light is blocked by a black matrix disposed on boundaries of
respective pixels.

Organic materials are often used for these liquid crystal panels and

polarizing plates, so that if they are irradiated with light at short wavelengths or
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are exposed to high temperatures for a long time, their functions will be largely
compromised by damaged alignment films of the liquid crystal panels, lower
polarization selection characteristics of the polarizing plates, and the like.
Accordingly, countermeasures to heat radiation, such as forced air cooling, are
required for these components of the liquid crystal unit.

A specially configured cooling apparatus is required for efficiently
cooling a plurality of heat generating spots of a plurality of components in an
electronic device, each of which has surfaces that oppose each other with a
spacing defined therebetween, and includes heat generating spots on the
surfaces opposite to each other.

Fig. 1(a) and 1(b) are schematic diagrams of the configuration of a
liquid crystal projector apparatus of a background related art, where Fig.1(a)
generally illustrates the appearance of the general liquid crystal projector
apparatus, and Fig. 1(b) illustrates the internal structure of the liquid crystal
projector apparatus. Fig. 2 in turn is a schematic diagram of the internal
configuration of the liquid crystal projector apparatus.

As mainly illustrated in Fig. 2, liquid crystal projector apparatus 1
includes cooling fan 3 for forcedly cooling liquid crystal unit 2, and cooling air
duct 4, both of which are mounted in the housing of liquid crystal projector
apparatus 1. In addition, lamp cooling fan 7 for cooling light source 5, power
supply unit 10 and the like, exhaust fan 9 for exhausting the housing, and the
like are provided as required.

Here, a general method of cooling liquid crystal unit 2 of liquid crystal
projector apparatus 1 will be described with reference to Figs. 3A and 3B. Figs.
3A and 3B are schematic diagrams illustrating the configuration of a cooling unit

for cooling the liguid crystal unit in the liquid crystal projector apparatus, where
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Fig. 3A is an exploded perspective view, and Fig. 3B is a schematic
cross-sectional view for describing a forced air cooling operation.

In Fig. 3B, liquid crystal unit 2 including incident-side polarizing plate
12, liquid crystal panel 13, and exit-side polarizing plate 14 is provided for each
color light (R/G/B), and air cooling device 15 including cooling fan 3 and cooling
air duct 4 is disposed therebelow.

During the operation of air cooling device 15, air 16 from cooling fan 3
is fed into spaces among incident-side polarizing plate 12, liquid crystal panel 13,
exit-side polarizing plate 14, which include each liquid crystal unit 2, from the
lower end of liquid crystal unit 2 through discharge port 17 provided in cooling
air duct 14 to perform forced air cooling.

In recent years, a reduction in size and an increase in luminance have
been increasingly requested for liquid crystal projector apparatuses in
accordance with their versatile usages. To respond to such requests, an
increase in lamp power and a reduction in size of display device are now under
progress, resulting in an increase in flux density of light incident on the liquid
crystal unit, and a continuous increase in heat load on each component which
forms part of liquid crystal unit 2.

For example, in a liquid crystal projector apparatus (1.0"-XGA) of
2000-Im class, a total amount of heat generated by liquid crystal units is
approximately 15 W, while heat flux of an exit-side polarizing plate is
approximately 0.6 W/cm?. However, with a 5000-Im class, a total amount of heat
generated by liquid crystal units amounts to 35 W or more, while heat flux of an
exit-side polarizing plate amounts to 1.4 W/cm? or more.

Generally, when forced air cooling is used for cooling liquid crystal

units, the amount of air fed by a fan is increased to enhance the air velocity
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around a heat generating spot to improve the heat transfer coefficient and heat
radiation capabilities, thereby accommodating ever increasing heat loads.

However, as the amount of fed air is increased by increasing the
rotational speed of the fan, operation noise will increase. On the other hand, as
the amount of fed air is increased by employing a fan of larger size, this
mitigates reducing the size of the apparatus.

On the other hand, requests have been gradually increased for longer
lifetime of liquid crystal projector apparatus for reducing environmental loads
and running cost. Apart from lamps, a factor which dominates the lifetime of the
liguid crystal projector apparatus is mainly the lifetime due to degraded optical
characiteristics in the liquid crystal units. Accordingly, the lifetime can be
increased by reducing the operating temperature of the liquid crystal units
through improvements on the cooling performance.

. However, in a laminar flow region, the average heat transfer coefficient
of forced convection is proportional to the square root of the air velocity, while
the operating temperature of the panel is reciprocally proportional to the square
root of the air velocity. Thus, a reduction in the operating temperature of the
panel to some extent will result in a lower sensitivity of a change in panel
temperature to a change in air velocity.

Fig. 4 is a graph showing the relationship between a panel cooling air
velocity and the panel operating temperature in 0.8"-SXGA (5000-im class, 25°C
environment). For reducing the panel operating temperature from 70°C to 60°C
(AT=-10°C), the air velocity may be simply increased from 4.5 m/s to 8 m/s (A
V=+3.5 m/s), whereas for reducing from 60°C to 50°C (A T=-10°C), the air
velocity must be increased from 8 m/s to 18 m/s (AV=+10 m/s), as can be seen

from the graph.
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In this way, when forced air cooling is relied on to further reduce the
panel operating temperature for prolonging the lifetime, the cooling air velocity is
excessively required as the target temperature is lower. Accordingly, the fan
operation noise can further increase, or the apparatus can be increased in size,
as described above, and in some cases, the limit of cooling capabilities (air
cooling limit) can be exceeded, so that the development of a highly efficient
liquid crystal unit cooling system is an urgent necessity.

Further, in regard to the liquid crystal panel, another requirement exists
for cooling from a viewpoint of image quality. Specifically, since the optical
modulation effect to an input signal highly depends on the temperature in the
optical modulation of the liquid crystal panel, thermal gradient on the panel
plane cause variations in luminance and color, resulting in a degraded quality of
projected images. For this reason, in cooling the liquid crystal panel, a cooling
method is desired to minimize a temperature gradient and temperature
variations which occur on the surface of the panel in operation.

Fig. 5 is a schematic side view illustrating a first related art example of
liquid crystal unit cooling, as disclosed in Patent Document 1 (JP-11-295814A).
Specifically, an apparatus for improving a liquid crystal panel cooling efficiency
is provided with the aid of air directing plate 39 disposed below cross dichroic
prism 35 to optimize the direction of air fed from cooling fan 3.

Fig. 6 is a schematic perspective view illustrating a second related art
example of liquid crystal unit cooling, as disclosed in Patent Document 2
(JP-2001-318361A). Specifically, an apparatus for improving a cooling
efficiency is provided with protrusion 41 for guiding cooling air to liquid crystal

holding frame 40 to restrain interstices of air fed from duct discharge port 42.
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Fig. 7 is a schematic cross-sectional view illustrating a third related art
example of liquid crystal unit cooling, as disclosed in Patent Document 3
(JP-2004-61894A). Specifically, an apparatus is provided for adjusting a cooling
air velocity by changing air passage widths (X and Y in the figure) between
liquid crystal panel 13 and polarizing plate 14 with the provision of cutout 43 in
an air passage of liquid crystal panel hoiding frame 40.

Figs. 8A and 8B are schematic diagrams illustrating a first example of a
fourth related art example of liquid crystal unit cooling, where Fig. 8A is a top
plan view, and Fig. 8B is a lateral sectional view. Figs. 9A and 9B are schematic
diagrams illustrating a second example of the fourth related art example of liquid
crystal unit cooling, where Fig. 9A is a top plan view, and Flig. 9B is a lateral
sectional view. This fourth related art example is disclosed in Patent Document
4 (JP-2000-124649A).

In Figs. 8A and 8B, air leading plate 44 having a U-shaped groove form
is connected (positioned) between liquid crystal panel 13 and polarizing plate 12,
for turning the direction of cooling air blown up from below on the exit side of
liquid crystal panel 13 by the U-shaped groove at the upper end by 180° to feed
the air from above to below on incident polarizing plate 12, thereby eliminating
thermal gradient which occur on the panel surface.

On the other hand, in Figs. 9A and 9B, an apparatus is disclosed for
eliminating thermal gradient on a panel plane with the provision of a pair of
cooling fans 3a, 3b above and below liquid crystal panel 13, with the liquid
crystal panel interposed therebetween, to feed an air stream from below to
above on the exit side and from above to below on the incident side.

Fig. 10 is a schematic lateral sectional view illustrating a fifth related art

example of liquid crystal unit cooling. This fifth related art example is disclosed

SEC et al. v. MRI
SEC Exhibit 1022.3633
IPR2023-00221



10

15

20

‘WO 2008/050660 PCT/JP2007/070297

in Patent Document 5 (JP-2001-209126A) which discloses an apparatus which
includes a liquid crystal panel cooling unit in a closed internal circulation
structure with the use of circulation duct 45, where first cooling fan 3a air-cools a
liquid crystal unit, exhaust air heated by received heat is transferred to external
air circulation duct 46 shield by circulation duct 45 through a heat sink or the like
{not shown, provided on the boundary of circulation duct 45 and air circulation
duct 46 in the figure), and the heat of the heat sink is radiated by second cooling

fan 3b which is provided outside.

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

As described above, when an attempt is made to increase the air
velocity of the fan to improve the cooling performance in the cooling of the liquid
crystal unit, this will lead to increased fan operation noise and mounting volume.
Further, when the liquid crystal unit is desirably cooled to about room
iemperature to prolong its lifetime, this can be hampered by the air cooling limit
(the temperature is not reduced even if the air velocity is increased).

Patent Document 1 (first related art example) discloses a structure
which includes an air directing plate below a cross dichroic prism for adjusting
the direction of cooling air fed to a liquid crystal panel to improve the efficiency
of cooling the liquid crystal panel. However, even if an increased amount of air is
fed to impinge the panel exit side by optimizing the angle at which the air is fed
to the liquid crystal panel, a reduced air stream is fed to the exit-side polarizing
plate positioned on the opposite surface thereof on the contrary, thereby

resulting in a lower efficiency of cooling the exit-side polarizing plate.
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Patent Document 2 (second related art example) discloses an
apparatus which includes a protrusion in a liquid crystal panel holding frame for
limiting interstices of fed air stream to efficiently guiding the air stream fed
through the duct to the liquid crystal panel without waste. However, since the
restraint of leaking air by the protrusion partially causes a reduction in air
velocity due to an increased air resistance, and a rise in panel temperature due
to stagnation of discharge heat (exacerbation of release of exhaust air) in a
downstream region (above the liquid crystal panel), the improvement on the
cooling efficiency is canceled out, thus making it difficult to provide sufficient
effects.

Patent Document 3 (third related art example) discloses an apparatus
which includes a cutout in an air path of a liquid crystal panel holding frame to
ensure an air passing area even if a spacing with a polarizing plate is narrow,
thereby compensating for the cooling air velocity. However, when the spacing
between respective units is narrow at an inflow end, this constitutes an air
resistance to reduce the amount of fed air. Aiso, even if a cutout is provided on
the downstream side thereof to increase the air passing area, the air velocity is
reduced at cooled components (liquid crystal panels, and light transmission
planes of polarizing plates), so that the cooling efficiency is not increased.

The first example of Patent Document 4 (fourth related art example)
discloses a structure which includes an air guiding plate having a U-shaped
groove form connected (positioned) between a liquid crystal panel and a
polarizing plate to turn around an air stream fed by a fan at a top end to cool the
liquid crystal panel in opposite directions on the incident side and exit side of the
liquid crystal panel, thereby alleviating variations in panel temperatures. In this

event, however, the air passing area is reduced to one half, and an air traveling
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distance is increased twice, as compared with conventional structures, thus
exacerbating the air resistance to restrain the amount of air fed by the fan. Also,
since the air which has passed by and cooled the panel exit side in the former
half of the U-shaped groove is heated by discharged heat, the heat radiation
capabilities significantly decrease in the latter half in which the air turns around
to pass by the panel incident side. Thus, this structure is not suitable for highly
efficient cooling.

On the othef hand, in the second example (Figs. 9A an 9B) of the
fourth related art example which ventilates the panel incident side and exit side
individually in opposite directions using a pair of fans, this is effective in that the
heat generation distributions (cooling actions) on the panel surfaces are upside
down on the incident side and exit side to balance the temperature within the
panel. However, this structure follows a conventional cooling method in that a
parallel air flow is directed onto a heat generating plane to radiate heat, and fails
to achieve a sufficient cooling efficiency because an air resistance increases
due to a reduction of each air passing area to one half while a heat radiation
load per fan is reduced.

Patent Document 5 (fifth related art example) forcedly air-cools liquid
crystal units by a closed circulation system to transfer heat of exhaust air to the
outside through a heat sink and radiate the heat by another air-cooling fan,
thereby reducing the temperature of internally circulated air for cooling the liquid
crystal units. In this event, however, while effective for preventing dusts being
introduced into the liquid crystal units, the transport of discharged heat involves
a heat transfer process of gas (internally circulated flow) --> solid (heat sink) -->
air (forced air cooling to external air) twice, and therefore the fifth related art

example disadvantageously suffers from a poor heat transport efficiency due to

10
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a large heat resistance from the internally circulated air to the external air and
cannot be applied to a high luminance model which generates a large amount of
heat.

It is an exemplary feature of the present invention to provide a silent
cooling apparatus for effectively reducing the operating temperature of an
electronic device which includes a plurality of components which include
surfaces opposite {o each other with a spacing therebetween and have a heat
generating spot on at least any of the surfaces opposite to each other, in a small
and low-cost configuration.

MEANS FOR SOLVING THE PROBLEM

An apparatus for cooling a heat generating spot of an electronic device
of the present invention is a cooling apparatus for forcedly air-cooling a heat
generating spot of an electronic device which includes a plurality of components
which are disposed side-by-side 1o have the same in-plane direction, and which
include heat generating spots within their surfaces. The cooling apparatus
further includes first air cooling means for feeding an air stream to the heat
generating spot in an orientation of the in-plane direction, and second air cooling
means for feeding an air stream tc the heat generating spot in the in-plane
direction in a different orientation from the air stream by the first air cooling
means.

EFFECTS OF THE INVENTION

In the apparatus for cooling a heat generating spot of an electronic
device in the present invention, for example, when applied to a cooling
mechanism for a liquid crystal image display, a pair of air cooling means
disposed in opposition in the vertical direction across a liquid crystal unit

interposed therebetween, are used to cause air streams to collide in an
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opposing state in a space between a liquid crystal panel and a polarizing plate,
thereby generating an impinging jet flow perpendicular to each heat generating
plane of the liquid crystal panel and polarizing plate. In this way, the heat
transfer coefficient can be significantly improved to promote the heat transfer,
as compared with the cooling of a liquid crystal unit according to the background
related art which relies on a uniform flow along a parailel plane, thus
advantageously providing small-size, low-cost, and low-noise highly efficient
cooling.
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other exemplary purposes, aspects and advantages will
be better understood from the following detailed description of an exemplary
embodiment of the invention with reference to the drawings.
Fig. 1(a) and Fig. 1(b) are schematic diagrams of the configuration of a liquid
crystal projector apparatus of a background related art, where Fig. 1(a)
illustrates the appearance of a general liquid crystal projector apparatus, and
Fig. 1(b) illustrates the internal structure of the liquid crystal projector apparatus.
Fig. 2 illustrates a schematic diagram illustrating the internal configuration of a
liquid crystal projector apparatus.
Fig. 3A illustrates a schematic exploded perspective view illustrating the
configuration of a cooling unit for a liquid crystal unit of a liquid crystal projector
apparatus.
Fig. 3B illustrates a schematic cross-sectional view for describing a forced air
cooling operation of the cooling unit for the liquid crystal unit of the liquid crystal

projector apparatus.
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Fig. 4 illustrates a graph showing the relationship between a panel cooling air
velocity and a panel operating temperature in 0.8"-SXGA (5000-Im class: 250
environment).

Fig. 5 illustrates a schematic side view illustrating a first related art example of
cooling a liquid crystal unit.

Fig. 6 illustrates a schematic perspective view illustrating a second related art
example of cooling a liquid crystat unit.

Fig. 7 illustrates a schematic side view illustrating a third related art example of
cooling a liquid crystal unit.

Fig. 8A illustrates a schematic top plan view illustrating a first example of a
fourth related art example of cooling a liquid crystal unit.

Fig. 8A illustrates a schematic lateral sectional view illustrating the first example
of the fourth related art example of cooling a liquid crystal unit.

Fig. 9A illustrates a schematic top plan view illustrating a second example of the
fourth related art example of cooling a liquid crystal unit.

Fig. 9B iliustrates a schematic lateral sectional view illustrating the second
example of the fourth related art example of cooling a liquid crystal unit.

Fig. 10 illustrates a schematic lateral sectional view illustrating a fifth related art
example of cooling a liquid crystal unit.

Fig. 11 illustrates a schematic exploded perspective view of an apparatus for
cooling a heat generating spot of a liquid crystal image display according to a
first exemplary embodiment of the present invention.

Fig. 12 illustrates a schematic cross-sectional view for describing the
configuration and operation of the apparatus for cooling a heat generating spot
in a liquid crystal image display according to the first exemplary embodiment of

the present invention.
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Fig. 13 illustrates a schematic partial cross-sectional view and a partially
enlarged cross-sectional view showing the flow of an air stream for cooling a
liquid crystal unit in Fig. 12.

Fig. 14 illustrates a schematic cross-sectional view for describing the
configuration and operation of apparatus for cooling a heat generating spot in a
liguid crystal image display according to a second exempléry embodiment of the
present invention.

Fig. 15 illustrates a schematic partial cross-sectional view and a partially
eniarged cross-sectional view showing the flow of an air stream for cooling a
liquid crystal unit in Fig. 14,

Fig. 16A illustrates a schematic cross-sectional view of a cooling structure in the
first exemplary embodiment, as viewed from a light transmission plane side.
Fig. 16B illustrates a schematic cross-sectional view of the cooling structure in
the first exemplary embodiment, as viewed from a transverse plane side.

Fig. 16C illustrates a schematic cross-sectional view of a cooling structure in a
third exemplary embodiment, as viewed from a light transmission plane side.
Fig. 16D illustrates a schematic cross-sectional view of a cooling structure in a
fourth exemplary embodiment, as viewed from a light transmission plane side.
Fig. 16E illustrates a schematic cross-sectional view of a cooling structure in a
fifth exemplary embodiment, as viewed from a light transmission plane side.
Fig. 16F illustrates a schematic cross-sectional view of a cooling structure in a
sixth exemplary embodiment, as viewed from a light transmission plane side.
Fig. 17A illustrates a schematic explanatory diagrams of a seventh exemplary
embodiment according to the present invention, including a perspective view
which describes a duct configuration of a cooling apparatus, and a

cross-sectional view which describes operations.
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Fig. 17B illustrates a schematic explanatory diagram of the seventh exempiary
embodiment according to the present invention, and a top plan view which
describes the operation of the cooling apparatus.
Fig. 18 illustrates a schematic explanatory diagrams showing a control method
in a cooling apparatus of the present invention, where (i) illustrates a front view
of a liquid crystal unit as viewed from a light transmission plane side, and (ii)
illustrates a cross-sectional view of the same, and (a), (b), (c) show changes in
the amount of air streams of a fan in time series.
Fig. 19 illustrates a schematic diagram for describing impinging jet cooling.
Fig. 20A illustrates a schematic diagram for describing a liquid crystal panel and
a light transmission plane of a polarizing plate in a liquid crystal image display,
and a front view which depicts a liquid crystal panel and a polarizing plate side
by side.
Fig. 20B illustrates a schematic diagram for describing a liquid crystal panei and
a light transmission plane of a polarizing plate in a liquid crystal image display,
and a side view which dispiays a liquid crystal panel and a polarizing plate side
by side.
BEST MODE FOR CARRYING OUT THE INVENTION

Next, an apparatus for cooling a heat generating spot of an electronic
device according to an exemplary embodiment of the present invention will be
described in terms of the configuration and operation with reference to the
drawings. In this exemplary embodiment, for facilitating the understanding, the
electronic device will be described as represented by a liquid crystal image
display of a liquid crystal projector apparatus, and components such as an
incident-side polarizing plate, a liquid crystal panel, and an exit-side polarizing

plate which form a liquid crystal unit. However, the present invention is not
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limited to this exemplary embodiment, but may also be applied to a cooling
apparatus or the like for an electronic device which includes a plurality of
components, each of which includes surfaces opposite to each other with a
spacing defined therebetween, where at least any of the surfaces opposite to
each other is a heat generating spot, for example, heat generating spots
disposed across a narrow gap, such as a rack unit which has a plurality of
printed circuit boards mounted therein in parallel, IC chips mounted on a board
of a small-size electronic device in a narrow space facing an inner wall of a
housing, and the like.

Since the liquid crystal projector apparatus has been previously
described in the section of Background Art, the description is omitted here.

Fig. 11 is a schematic exploded perspective view of an apparatus for
cooling a heat generating spot of a liquid crystal image display according to a
first exemplary embodiment of the present invention, Fig. 12 is a schematic
cross-sectional view for describing the configuration and operation of the heat
generating spot cooling apparatus in the liquid crystal image display according
to the first exemplary embodiment of the present invention, and Fig. 13 includes
a schematic partial cross-sectional view and a partially enlarged cross-sectional
view showing the flow of air for cooling a liquid crystal unit in Fig. 12.

Cooling apparatus 26a for a liquid crystal image display (electronic
device) of a liquid crystal projector apparatus according to the present invention
is formed of first air cooling unit 29a including first cooling fan 27a and first air
cooling duct 28a, and like second air cooling unit 33a including second cooling
fan 31a and second air cooling duct 32a, disposed at an upper and a lower end

of liquid crystal unit 2 which is provided for each of R/G/B color light and
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includes incident-side polarizing plate 12, liquid crystal panel 13, and exit-side
polarizing plate 14 which are assembled into a unit.

Referring next to Fig. 12, operations for cooling liquid crystal unit 2 by
cooling apparatus 26a in this exemplary embodiment, will be described.

In this exemplary embodiment, as illustrated in Fig. 12, first air cooling
unit 29a is provided at the lower end of liquid crystal unit 2, and first air stream
30a generated from first cooling fan 27a passes through spaces between
incident-side polarizing plate 12 and liquid crystal panel 13 of each color light
and between liquid crystal panel 13 and exit-side polarizing plate 14 from below
to above through first air cooling duct 28a.

Additionally, second air cooiing unit 33a is provided at the upper end of
liquid crystal unit 2, and second air stream 34a generated from second cooling
fan 31a passes through spaces between incident-side polarizing plate 12 and
liquid crystal panel 13 of each color light and between liquid crystal panel 13 and
exit-side polarizing plate 13 from above to below through second air cooling
duct 32a in the same manner.

Referring next to Fig. 13, a description will be given of a cooling action
by cooling apparatus 26a in this exemplary embodiment. Fig. 13 is a schematic
cross-sectional view of liquid crystal unit 2 for one color light alone, extracted
from among liquid crystal units 2 in Fig. 12.

As described above, first air stream 30a is sent from the lower end of
liquid crystal unit 2 into the space between incident-side polarizing plate 12 and
liquid crystal panel 13 and the space between liquid crystai panel 13 and
exit-side polarizing plate 14 from below to above. Second air stream 34a is sent
from the upper end of liquid crystal unit 2 into the space between incident-side

polarizing plate 12 and liquid crystal panel 13 and the space between liquid
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crystal panel 13 and exit-side polarizing pate 14 from above to below in the
same manner. First and second air streams 30a and 34a collide at a central
position (impinging plane a in the drawing) in an opposing state in a space
between the respective units when first cooling fan 27a and second cooling fan
31a have an equivalent amount of fed air, and when first air cooling duct 28a
and second air cooling duct 32a have an equal air resistance.

In this event, first air stream 30a and secaond air stream 34a which
collide in an opposing state from directions opposite to each other, generate
evolutional flows which perpendicularly go to polarizing plates 12, 14 on the
incident/exit sides and the light transmission plane of liquid crystal panel 13 at
positions at which they collide, as illustrated in a detailed view of Fig. 13. Thus,
a perpendicular jet stream is formed toward a heat generating plane (light
transmission plane) while allowing the transmission of the color light.

In this way, the heat transfer coefficient can be largely increased as
compared with a cooling method of the background related art which relies on a
parallel flat fiow, thus making it possible to cool the liquid crystal units at a high
heat radiation efficiency. |

Next, a second exemplary embodiment in an apparatus for cooling an
electronic device according to the present invention will be described in detail
with reference to the drawings. Fig. 14 is a schematic cross-sectional view for
describing the configuration and operation of the apparatus for cooling a heat
generating spot in a liquid crystal image display according to the second
exemplary embodiment of the present invention, and Fig. 15 includes a
schematic partial cross-sectional view and a partially enlarged cross-sectional

view showing the flow of air for cooling a liquid crystal unit in Fig. 14.
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In cooling apparatus 26b in the second exemplary embodiment, and in
cooling apparatus 26a in the first exemplary embodiment, second air cooling
unit 33b disposed at the upper end of liquid crystal unit 2 includes axial fan 36
alone.

Also, in this event, first air flow (stream) 30b sent by first air cooling unit
29b including first cooling fan 27b and first air cooling duct 28b, and second air
stream 34b sent from second air cooling unit 33b including axial fan 36 are fed
into the space between incident-side polarizing plate 12 and liquid crystal panel
13, which form part of liquid crystal unit 2, and the space between liquid crystal
panel 13 and exit-side polarizing plate 14. Hence, the first air flow 30b and the
second air stream 34b collide at substantially the central position between the
respective elements (collision plane b in Fig. 15) in an opposing state. Thus, a
perpendicular jet stream is generated which goes toward incident/exit-side
polarizing plates 12, 14 and the light transmission plane of liquid crystal panel
13, which are heat generating planes, in a manner similar to the first exemplary
embodiment described above.

In this exemplary embodiment, the second air cooling unit includes the
axial fan alone, thereby reducing the size and simplifying the mounting.

Next, third to sixth exemplary embodiments in the apparatus for
cooling an electronic device according to the present invention will be described
with reference to the drawings.

Figs. 16A to 16F are schematic cross-sectional views of cooling
structures in the first and third to sixth exemplary embodiments, where Fig. 16A
is a schematic cross-sectional view of the first exemplary embodiment as
viewed from a light transmission plane side; Fig. 16B is a schematic

cross-sectional view of the first exemplary embodiment as viewed from a
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transverse plane side; Fig. 16C is a schematic cross-sectional view of a third
exemplary embodiment as viewed from the light fransmission plane side; Fig.
16D is a schematic cross-sectional view of a fourth exemplary embodiment as
viewed from the light transmission plane side; Fig. 16E is a schematic
cross-sectional view of a fifth exemplary embodiment as viewed from the light
transmission plane side; and Fig. 16F is a schematic cross-sectional view of a
sixth exemplary embodiment as viewed from the light transmission plane side.
Fig. 16A and 16B are provided for describing a comparison of the first
exemplary embodiment with the third to sixth exemplary embodiments.

In the first exemplary embodiment, air streams are fed by independent
air cooling units 29a, 33a from the upward and downward directions of liquid
crystal unit 2 in opposing directions to cause cooling air streams to collide with
each other at the central position on the light transmission plane (collision plane
a) of liquid crystal unit 2, thereby generating a perpendicular flow (collision jet
stream) toward each heat generating plane.

On the other hand, in the cooling structure in the third exemplary
embodiment illustrated in Fig. 16C, first discharge port 37¢ of first air cooling
unit 29c disposed at the lower end of liquid crystal unit 2, and second discharge
port 38¢ of second air cooling unit 33c disposed at the upper end of liquid crystal
unit 2 in the same manner are offset to left and right, respectively, from the
central axial line of the panel indicated by ax in the figure.

In this way, first air stream 30c by first air cooling unit 29¢ and like
second air stream 34c by second air cooling unit 33c oppositely collide at a
position corresponding to a shift of an air velocity distribution, to form evolutional
flows which go perpendicularly to the heat generating planes at positions

substantially along a diagonal (collision piane c in the figure) on the light
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transmission plane. Consequently, it is possible to accomplish wide and highly
efficient cooling of the liquid crystal unit.

In this event, since the air streams flow in an oblique direction after the
collision, heated exhaust air can be readily discharged outside of the housing
such that the exhaust air will not circulate again into the cooling air.

The cooling structure in the fourth exemplary embodiment illustrated in
Fig. 16D includes first discharge port 37d of first air cooling unit 29d and like
second discharge port 38d of second air cooling unit 33d being disposed so as
to oppose substantially on a diagonal of the light transmission plane.

In this way, like the third exemplary embodiment described above, first
air stream 30d by first air cooling unit 29d and like second air stream 34d by
second air cooling unit 33d are fed into the space between the incident-side
polarizing plate and liquid crystal panel, and the space between the liquid crystal
panel and exit-side polarizing plate, and collide in opposition to each other at a
diagonal position (collision plane d in the figure) on the light transmission plane.
Thus, evolutional flows are formed which go perpendicularly to the heat
generating planes on the diagonal of the light transmission planes to produce
similar effects to those of the third exemplary embodiment.

The cooling structure in the fifth exemplary embodiment illustrated in
Fig. 16E includes in that both first cooling unit 29e and second cooling unit 33e
being disposed on both sides of the lower end of the liquid crystal unit. First
discharge port 37e of first air cooling unit 29e and like second discharge port
38e of second air cooling unit 33e are set such that air feeding directions
intersect on the center line (ax in the figure) of the panel in the vertical direction.

In this event, like other exemplary embodiments, the liquid crystal unit

can be highly efficiently cooled, and simultaneously, the first and second air
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streams can be discharged in the same direction toward above the liquid crystal
unit, thus facilitating the heat exhaustion processing.

The cooling structure in the sixth exemplary embodiment illustrated in
Fig. 16F includes first discharge port 37f of first air cooling unit 29f and like
second discharge port 38f of second air cooling unit 33f being disposed so as to
oppose each other on the left and right sides of liquid crystal unit 2.

In this event, mounting spaces must be provided on the left and right
sides of the liquid crystal units. However, since evolutional flows toward the heat
generating planes are formed on the center axis (ax in the figure) of the panel,
this is effective for a liquid crystal panel which exhibits a large temperature
gradient in the vertical direction.

Next, a seventh exemplary embodiment in the cooling apparatus of the
present invention will be described with reference to the drawings.

Figs. 17A and 17B are schematic explanatory diagrams of the seventh
exemplary embodiment according to the present invention, where Fig. 17A
includes a perspective view which describes a duct configuration of the cooling
apparatus, and a cross-sectional view which describes the operation, while Fig.
178 is a top plan view which describes the operation in the same manner.

In the seventh exemplary embodiment illustrated in Figs. 17A and 17B,
the second cooling fan which forms part of the second air cooling unit is omitted.
However, first cooling fan 27g is shared, and second air cooling duct 329 is
branched halfway from first air cooling duct 28g, and extended toward the
center of liquid crystal unit 2 at a lateral position of liquid crystal unit 2 to
discharge second air stream 34g toward the center of the light transmission

plane substantially horizontally from a lateral direction of liquid crystal unit 2, in
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the cooling apparatus of the first to sixth exemplary embodiments described
above.

In this way, first air stream 30g fed by first duct 28g from below to
above liquid crystal unit 2, and second air stream 34g fed from one side of liquid
crystal unit 2 have two different vectors (orthogonal vectors in this exemplary
embodiment) and collide in a space in the unit near the central position on the
light transmission plane between incident-side polarizing plate 12 and liquid
crystal panel 13 or between liquid crystal panel 13 and exit-side polarizing plate
14. Thus, a high cooling effect can be accomplished in a manner similar to the
first to sixth exemplary embodiments described above.

Also, in this event, since first cooling fan 27g is shared by first air
cooling duct 28g and second cooling duct 32g, the number of mounted fans can
be reduced to lead to a reduction in cost and noise. In addition, since second
duct 32g is formed by branching part of first duct 30g, not only the cooling fan
but also the cooling apparatus can be reduced in mounting volume, thus
facilitating applications to small projector apparatuses.

Further, since either the second cooling fan or the second duct need
not be provided as an independent member, an assembling process can be
simplified. This additionally allows maintaining the same productivity as the
projector apparatus in the configuration of the background related art which
employs a single cooling fan, while providing high cooling capabilities.

Next, with reference to the drawings, described is a method of
improving the quality of projected image using the cooling apparatus of the
present invention by expanding a cooling action area to increase a heat
radiation effect and simultaneously mitigating thermal gradient on the surface of

the liquid crystal panel.

23

SEC et al. v. MRI
SEC Exhibit 1022.3649
IPR2023-00221



10

15

20

25

‘WO 2008/050660 PCT/JP2007/070297

Fig. 18 includes schematic exp-lanatory diagrams showing a control
method in the cooling apparatus of the present invention, where (i) is a front
view of a liquid crystal unit as viewed from the light transmission plane side, and
(i) Hustrates a cross-sectional view of the same, and (a), (b), (¢) indicate
changes in time-series fan air amount. The order (a) --> (b) --> (c¢) --> (b)

- > (a) represents fan air amount control in time-series and a ventilation state at
the respective instances.

In the explanatory diagrams, the cooling apparatus of the first
exemplary embodiment described above is given as an example, but it can be
applied to cooling apparatuses of other exemplary embodiments.

First air cooling unit 29a and second air cooling unit 33a provided at
the lower end and upper end of liquid crystal unit 2, respectively, include a first
cooling fan (not shown) and first air cooling duct 28a, and a second cooling fan
(not shown) and second air cooling duct 32a, respectively. From respective duct
discharge ports, first air stream 30a and second air stream 34a are fed in
opposite directions into spaces between incident-side polarizing plate 12 and
liquid crystal panel 13 and between liquid crystal panel 13 and exit-side
polarizing plate 14. Streams 30a, 30b collide at midway positions therein to form
evolutional flows in a direction perpendicular to the light transmission planes.
Thus, the heat generating planes are cooled with perpendicular jet streams.

This cooling method controls the ratio of the amount of air fed by the
first cooling fan to the amount of air fed by the second cooling fan to vary the
location of the collision over time, and move the perpendicular flows to the light
transmission planes in the vertical direction, thereby expanding an area to which
the highly efficient cooling acts, and simultaneously mitigating the difference in

temperature on the panel surface.
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Specifically, the independent cooling fans (first cooling fan and second
cooling fan) are controlled to adjust the ratio of the respective amounts of air fed
by the fans such that a first air amount is larger than a second air amount at a
certain time (Fig. 18(a)); such that the first air amount ig equal to the second air
amount at the next time (Fig. 18(b)); and such that the first air amount is smaller
than the second air amount at the next time (Fig. 18(c)). The air amount control
may electrically vary the rotational speeds of the fans, or may be conducted by
adjusting the openings of dampers provided in the ducts.

The control is periodically repeated such as (a) --> (b) --> (¢) --> (b) -->
(a), thereby vertically moving the evolutional flows (coliision jet streams) formed
on the input/output polarizing plates and the light transmission plane of the liquid
crystal panel to vary the position at which the maximum cooling effect is
provided (i.e., the position at which the air streams collide) to expand a region in
which the coaling action is high, and mitigate local variations in heat transfer
coefficient within the light transmission plane over time, so that the temperature
gradient is restrained within the panel surface to improve the quality of projected
images.

While the foregoing description has given the first exemplary
embodiment as an example, it is obvious that similar effects are also provided
by conducting such air amount control in other exemplary embodiments.

In an eighth exemplary embodiment of an apparatus for cooling a heat
generating spot of an electronic device of the present invention, a first air stream
from first air cooling means and a second air stream from a second air cooling
means have different air velocity vectors from each other. The first air cooling
means and second air cooling means may be set such that the first air stream

and second air stream collide with each other at the positions of heat generating
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spots on opposing surfaces of a plurality of components. The first air cooling
means may be disposed at tHe lower end of the opposing planes of the plurality
of components, while the second air cooling means may be disposed at the
upper end of the opposing planes of the plurality of components. The first air
cooling means may include a first cooling fan and a first air cooling duct, while
the second air cooling means may include a second air cooling fan and a
second air cooling duct. One of the first air cooling means and second air
cooling means may include a cooling fan and an air cooling duct, while the other
may include a cooling fan alone. The first air cooling means may include a first
cooling fan and a first air cooling duct, while the second air cooling means may
include the first cooling fan shared by the first air cooling means, and a second
air cooling duct branched halfway from the first air cooling duct for feeding air
into the plane from a direction different from an air feeding direction of the first
air cooling duct. Also, the first cooling fan and second cooling fan may provide
variable amounts of air.

The effect of the present invention can also be produced in the cooling
of heat generating spots in a plurality of components of an electronic device
which have surfaces opposite to each other, at least any of which includes the
heat generating spot.

Also, since the position at which fan air streams collide can be
arbitrarily set by arbitrarily controlling the ratio of air amounts from a pair of air
cooling means, the position at which the collision jet streams are produced can
be periodically varied on the basis of the center of the panel to mitigate thermal
gradient on the panel surface, thus advantageously improving the image quality.

In a ninth exemplary embodiment of the apparatus for cooling a heat

generating spot of an electronic device according to the present invention, the
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electronic device may be a liquid crystal image display, and components may
include an incident-side polarizing plate, a liquid crystal panel, and an exit-side
polarizing plate which form part of the liquid crystal unit.

In a tenth exemplary embodiment of the present invention, a method of
cooling a heat generating spot of an electronic device may be a heat generating
spot cooling method for the aforementioned apparatus for cooling a heat
generating spot of an electronic device. The tenth embodiment may include
feeding a first air stream by first air cooling means for components of the
electronic device in a first direction in gaps between opposing surfaces of the
components. Additionally, a second air stream is fed by second air cooling
means in a second direction different from the first direction in gaps between the
opposing surfaces of the components to cause the first air stream and second
air stream to collide with each other near the central positions of heat generating
spots on the opposing surfaces of the component. Thus, evolutional flows are
generated which go perpendicularly to one or both of the opposing surfaces of
the components.

In a method of cooling a heat generating spot of an electronic device
according to an eleventh exemplary embodiment of the present invention, first
air cooling means is disposed at a lower end of components of an electronic
device, and second air cooling means is disposed at an upper end of the
components of the electronic device. A first air stream by the first air cooling
means may be fed from below to above in spaces between a plurality of
components, while a second air stream by the second air cooling means may be
fed cooling below in the spaces between the plurality of components, to cause
the first air stream and second air stream to collide with each other near the

central positions of heat generating spots on opposing surfaces of the
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components. Thus, evolutional flows are generated which go perpendicularly to
one or both of the opposing surfaces of the components. By varying, over time,
the ratio of air amounts of the first cooling fan which forms part of the first air
cooling means o a second cooling fan which forms part of the second air
cooling means, the position at which the first air stream and second air stream
collide may be periodically moved from the ceniral positions of the heat
generating spots on the opposing surfaces of the components. The electronic
device may be a liquid crystal image display, and the components may include
an incident-side polarizing plate, a liquid crystal panel, and an exit-side
polarizing plate which include a liquid crystal unit.

In a twelfth exemplary embodiment of the present invention, a liquid
crystal projector apparatus includes any of the aforementioned apparatus for
cooling a heat generating spot of an electronic device.

In the apparatus for cooling a heat generating spot of an electronic
device according to the present invention, when the electronic device is, for
example, a liquid crystal image display of a liquid crystal projector apparatus, a
pair of independent air cooling means, each, including a cooling fan and an air
cooling duct, are provided above and below a liquid crystal unit. Thus, air
streams are fed across the liquid crystal unit therebetween from above and
below in opposite directions to pass the air streams through spaces between the
incident-side polarizing plate and liquid crystal panel or between the liquid
crystal panel and exit-side polarizing plate. The two air streams to collide near
the center of a light transmission plane near the central position of a heat
generating spot to improve the cooling efficiency.

For cooling a heat generating flat plate such as a polarizing piate and a

liquid crystal panel by forced air cooling, collision jets cooling may be given as
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one of the methods which provides the highest cooling efficiency. Fig. 19 is a
schematic diagram for describing the collision jet cooling. As illustrated in Fig.
19, the collision jet cooling is a method which involves jetting coolant (air, liquid)
20 perpendicularly to heat generating flat plate 18 through nozzle 19 to cause
an impinging jet flow to collide with heat generating plate 18, thereby radiating
heat from a heat generating plane.

Generally, in the forced air cooling for a heat generating flat plate, two
approaches, i.e., a thinning method and a replacement method are
contemplated for improving the heat transfer coefficient to promote the heat
transfer.

The former is a method which promotes the heat transfer by reducing
the thickness (thinning) of a thermal boundary layer formed on the surface of a
heat generating body, in which case since the thickness of the thermal boundary
layer is reciprocally proportional to the square root of a the velocity in a main
stream direction (flow rate along the flat plate), the aforementioned manner of
increasing the air velocity to reduce the temperature of the heat generating body
is comparable to this.

The latter intends to promote the heat transfer by encouraging the
exchange of a fluid near the surface of a solid with a fluid slightly spaced apart
therefrom, and is achieved by controlling a turbulent flow which is associated
with generation/disappearance of a unsteady vortex.

The collision jet' cooling for cooling a heat generating flat plate by
causing a jet stream to collide with the heat generating flat plate from a direction.
perpendicular thereto falls under the latter. The collision jet cooling

demonstrates cooling capabilities higher by a factor of five to ten than a
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conventional method of feeding air along a heat generating flat plate through a
process of;

1) breakage (peeling) of the thermal boundary layer on the surface of
the heat generating body due to the collision jet stream;

2) exchange of fluids (temperature replacement) due to the evolutional
flow produced on the collision plane; and

3) sliding of the jet stream on the wall due to the Coanda effect (the
nature of a fluid by which an object placed in a flow causes a reduction in
pressure between a fluid and a wall surface of a solid to attract the flow to the
wall surface, thereby changing the direction of the flow along the object).

Incidentally, when such collision jet cooling is applied, for example, to
cooling of a liquid crystal image display in a liquid crystal projector apparatus, a
nozzle position thereof is a problem to be solved. Specifically, since a liquid
crystal panel and a polarizing plate generate heat due to a light absorption effect
when each color light passes, the heat generating plane substantially matches
with the light transmission plane (panel light transmission plane 22, polarizing
plate light transmission plane 25), as illustrated in Figs. 20A and 20B.
Accordingly, it is necessary to generate a perpendicular air flow {o the heat
generating plane so as not fo impede the transmission of each color. Figs. 20A
and 20B are schematic diagrams for describing the light transmission planes of
the liquid crystai panel and polarizing plate in a liquid crystal image display,
where Fig. 20A is a front view which depicts a liquid crystal panel and a
polarizing plate placed side by side, and Fig. 20B is a side view.

Thus, in the cooling mechanism for a liquid crystal image display in the
present invention, cooling air streams are fed from above and below the liquid

crystal unit in directions opposite to each other to cause the cooling air streams
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to collide with each other near the center of the light transmission plane in a
space between the liquid crystal panel and polarizing plate. Thus, evolution
flows are generated which go perpendicularly to heat generating planes of both
the liquid crystal panel and polarizing plate to form vertical jet streams, thereby
dramatically increasing the heat transfer coefficient to promote the heat transfer
and accomplish highly efficient cooling of the liquid crystal unit.

Further, by changing the ratio of air amounts by the fans provided
above and below the liquid crystal unit over time, the position at which the air
streams collide (position at which the vertical jet streams are generated) can be
vertically vibrated from the center of the liquid crystal panel with respect to the
liquid crystal panel and polarizing plate. In this way, since a region at which the
maximum cooling effect is demonstrated (position of collision) can be
periodically varied within the panel surface, it is possible to eliminate thermal
gradient on the surface of the liquid crystal panel to improve the quality of
projected images.

While the invention has been particularly shown and described with
reference to exemplary embodiments thereof, the invention is not limited to
these exemplary embodiments. It will be understood by those of ordinary skill in
the art that various changes in form and details may be made therein without
departing from the spirit and scope of the present invention as defined by the
claims.

Further, it is noted that Applicant's intent is to encompass equivalents of all
claim elements, even if amended later during prosecution.

This application is based upon and claims the benefit of priority from
Japanese patent application No. 2006-287395, filed on October 23, 2006, the

disclosure of which is incorporated herein in its entirety by reference.
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CLAIMS
1. A cooling apparatus for air-cooling a heat generating spot of an
electronic device which comprises a plurality of components which are disposed
side by side to have the same in-plane direction, said components including
heat generating spots within surfaces thereof, characterized by comprising:

first air cooling means for feeding an air stream to said heat generating
spot in an orientation of the in-plane direction; and

second air cooling means for feeding an air stream to said heat
generating spot in said in-plane direction in a different orientation from the air
stream by said first air cooling means.

2. The apparatus for cooling a heat generating spot of an electronic device
according to claim 1, wherein:

a first air stream by said first air cooling means and a second air
stream by said second air cooling means have air velocity vectors different from
each other; and

said first air cooling means and said second air cooling means are set
such that said first air stream and said second air stream collide with each other
at positions of said heat generating spots on opposing surfaces of a plurality of
said components.
3. The apparatus for cooling a heat generating spot of an electronic device
according to claim 1 or 2, wherein: »

said first air cooling means is disposed at a lower end of a plane
opposing a plurality of said components; and

said second air cooling means is disposed at an upper end of the plane

opposing the plurality of said components.
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4, The apparatus for cooling a heat generating spot of an electronic device
according to any of claims 1 to 3, wherein:

said first air cooling means comprises a first cooling fan and a first air
cooling duct; and

said second air cooling means comprises a second cooling fan and a
second air cooling duct.
5. The apparatus for cooling a heat generating spot of an electronic device
according to any of claims 1 to 3, wherein:

one of said first air cooling means and said second air cooling means
comprises a cooling fan and an air cooling duct, and the other one of said first
air cooling means and said second air cooling means comprises a cooling fan
alone.
6. The apparatus for cooling a heat generating spot of an electronic device
according to claim 1 or 2, wherein:

said first air cooling means comprises a first cooling fan, and a first air
cooling duct; and

said second air cooling means comprises said first cooling fan shared
by said first air cooling means, and a second air cooling duct branched halfway
from said first air cooling duct for feeding air into a plane from a direction
different from an air feeding direction of said first air cooling duct.
7. The apparatus for cooling a heat generating spot of an electronic device
according to claim 4 or 5, wherein:

said first cooling fan and said second cooling fan feed variable
amounts of air.
8. The apparatus for cooling a heat generating spot of an electronic device

according to any of claims 1 to 7, wherein:
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said electronic device comprises a liquid crystal image display, and
said components include an incident-side polarizer, a liquid crystal panel, and
an exit-side polarizing plate which comprise a liquid crystal unit.
9. A heat generating spot cooling method for the apparatus for cooling a
heat generating spot of an electronic device according to claim 1, said method
characterized by comprising:

feeding a first air stream by said first air cooling means for said
components of said electronic device in a first direction in gaps between
opposing surfaces of said components;

feeding a second air stream by said second air cooling means in a
second direction different from the first direction in the gaps between the
opposing surfaces of said components; and

causing said first air stream and said second air stream to collide with
each other near central positions of heat generating spots on opposing surfaces
of said components, thereby generating evolutional flows which go '
perpendicularly to one or both of the opposing surfaces of said components.
10. The method of cooling a heat generating spot of an electronic device
according to claim 9, wherein:

said first air cooling means is disposed at a lower end of said
components of said electronic device, and said second air cooling means is
disposed at an upper end of said components of said electronic device;

a first air stream by said first air cooling means is fed from below to
above in a space between a plurality of said components;

a second air stream by said second air cooling means is fed from

above to below in the space between the plurality of said components; and
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said first air stream and said second air stream are caused to collide

with each other near central positions of heat generating spots on opposing
surfaces of said components, thereby generating evolutional flows which go
perpendicularly to one or both of the opposing surfaces of said components.
11. The method of cooling a heat generating spot of an electronic device
according to 9 or 10, wherein:

the position at which said first air flow collides with said second air flow
is periodically moved from the central positions of the heat generating spots on
the opposing surfaces of said components by varying, over time, the ratio of the
amount of air fed by said first cooling fan which forms part of said first air cooling
means to the amount of air fed by said second cooling fan which forms part of
said second air cooling means.
12. The method of cooling a heat generating spot of an electronic device
according to any of claims 9 to 11, wherein:

said electronic device comprises a liquid crystal image display, and
said components include an incident-side polarizer, a liquid crystal panel, and
an exit-side polarizing plate which comprise a liquid crystal unit.
13. A liquid crystal projector apparatus characterized by comprising the
apparatus for cooling a heat generating spot of an electronic device according to

claim 8.
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closed loop isolated gas chamber, where a first chamber is in contact with the display surface and transfers heat between the isolated
gas and the display surface. A second chamber is in gaseous communication with the first chamber and is adapted to heat or cool
&= the isolated gas and reintroduce the isolated gas into the first chamber. Another feature uses constricted convection to facilitate the
& cooling of the backlight assembly for the electronic display. Another feature uses an air curtain to further heat or cool the exterior

viewing surface of the display. Another feature uses a linear polarizer with an insulating gap to reduce the solar loading of the display
stack and provide insulation from the ambient air temperature. Another feature uses a fluid system to contact fluid coolant with the
display surface in order to cool the display. Each of the features may be used alone, or in combination to provide the proper operating
temperature for the display depending on its desired operating environment.
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System and Method for Thermally Controlling an Electronic Display

Technical Field
[0001] Exemplary embodiments generally relate to heating/cooling systems for

electronic displays.

Background of the Art

[0002] Electronic displays are typically used in indoor, temperature-controlled
environments. Although the temperature surrounding the display might be relatively
stable (near room temperature), the components of the display 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 systems 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] Modern electronic displays are now being used in outdoor environments as
well as other situations where the surrounding temperature may extend above and
below 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 factor.
In some applications and locations, 200 Watts or more of power through such a display
surface is common. Furthermore, the market is demanding larger and brighter,
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 displays. 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.

SEC et al. v. MRI
SEC Exhibit 1022.3704
IPR2023-00221



WO 2009/065125 PCT/US2008/083792

[0004] Further, in some applications the temperature may drop well below room
temperature. Some components of an electronic display may malfunction or may be
permanently destroyed by exposure to such low temperatures. For example, the
performance of the liquid crystal material in a liquid crystal display (LCD) may be
effected by low temperatures.

Summary of the Exemplary Embodiments

[0005] Exemplary embodiments may contain one or more of the thermal control
features disclosed herein. A plurality of thermal control features are disclosed and
these features may be utilized alone or in any 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 environment. The embodiments may be practiced with any form of electronic
display, including but not limited to: LCD, light emitting diode (LED), organic light
emitting diode (OLED), field emitting display (FED), cathode ray tube {(CRT), plasma,
and projection displays. An exemplary embodiment would be practiced with LCD
displays.

[0006] One thermal feature relates to an isolated gas cooling system. The gas
cooling system is preferably 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 coextensive with the viewable face of
the electronic display. 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 equivalent means, may be located within the cooling plenum and may
be used to propel gas around the isolated gas cooling chamber 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 relevant surfaces of the first gas
chamber are transparent, 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.

[\
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[0007] Anocther thermal feature may utilize the isolated 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
plenum. Heating elements may be placed within the plenum 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 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.

[0008] Some embodiments may place electronic components used to operate the
electronic display within the plenum of the isolated gas chamber. The electronic
components may include, but are not limited to: transformers, circuit boards,
processors, resistors, capacitors, batteries, motors, power supplies, illumination
devices, wiring and wiring harnesses, and switches. If the plenum is being 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 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 plenum, reducing the amount of
energy which needs to be applied to the heating elements.

[0009] A linear polarizer may be used in some embodiments to further reduce the
solar loading on the electronic 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 between the polarizer and the display. The insulating gap
reduces the amount of heat that is transferred between the polarizer and the display.
[0010] Some electronic displays, such as LCDs for example, require a backlight
assembly to produce an image upon the display surface. The backlight assemblies are
typically a large source of heat for the display. Thus, some embodiments may utilize a
constricted convection system to cool the backlight unit for the display. The constricted
convection system may comprise a constricted convection plate which is placed in
close proximity to the backlight assembly in order to define a gap. Gas is forced

SEC et al. v. MRI
SEC Exhibit 1022.3706
IPR2023-00221



WO 2009/065125 PCT/US2008/083792

through the gap in order to facilitate more efficient cooling of the backlight assembly. In
some embodiments a wall of the plenum may constitute the constricted convection
plate.

[0011] Some embodiments may also utilize an air curtain device which forces air
(either warm or cold) over the exterior surface of the display assembly.

[0012] Finally, some embodiments may use a fluid assembly 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.

Brief Description of the Drawings

[0013] A better understanding of the exemplary embodiments will be obtained from a
reading of the following detailed description and the accompanying drawings wherein
identical reference characters refer to identical parts and in which:

[0014] FIGURE 1 is a perspective view of an exemplary embodiment in conjunction
with an exemplary electronic display.

[0015] FIGURE 2 is an exploded perspective view of an exemplary embodiment
showing components of the isolated gas cooling system.

[0016] FIGURE 3 is top plan view of an exemplary embodiment of the cooling
chamber.

[0017] FIGURE 4 is a front perspective view of an embodiment of the isolated cooling
chamber, particularly the transparent anterior surface of first gas chamber.

[0018] FIGURE 5 is a rear perspective view of an embodiment of the isolated cooling
chamber, showing optional electrical components placed in the plenum.

[0019] FIGURE 6 is a rear perspective view of an embodiment of the isolated cooling
chamber showing surface features that may be included on the plenum

[0020] FIGURE 7 is a top plan view of an exemplary embodiment of the cooling
chamber showing surface features that may be included on the plenum.

[0021] FIGURE 8 is a front perspective view of an embodiment of the isolated cooling
chamber with included thermoelectric modules.
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[0022] FIGURE 9 is a top plan view of an exemplary embodiment of the cooling
chamber with included thermoelectric modules.

[0023] FIGURE 10 is an exploded perspective view of an exemplary embodiment
showing components of the isclated gas cooling system.

[0024] FIGURE 11 is a top plan view of an exemplary embodiment of the heating
chamber.

[0025] FIGURE 12 is a rear perspective view of an embodiment of the heating
chamber, showing optional electrical components and heating elements.

[0026] FIGURES 13 and 14 are cross-sectional views of exemplary embodiments for
utilizing a linear polarizer with the isolated gas system or an insulating gap.

[0027] FIGURES 15A and 15B are side views of exemplary embodiments of the
constricted convection cooling system with a constricted convection plate.

[0028] FIGURE 16 is a top plan view of an exemplary embodiment where the cooling
plenum is utilized as the constricted convection plate.

[0029] FIGURES 17A-17C are cross-sectional views of embodiments where the
cooling plenum is utilized as the constricted convection plate.

[0030] FIGURE 18 is a front plan view of a display utilizing an air curtain device.
[0031] FIGURE 19 is a cross-sectional view of a display utilizing an air curtain device.
[0032] FIGURE 20 is an illustration showing the components for a liquid cooled
display.

Detailed Description

[0033] It is to be understood that the spirit and scope of the disclosed embodiments
includes thermally controlling displays including, but not limited to LCDs. For simple
explanation purposes, embodiments may be described with respect to the components
for LCD displays. By way of example and not by way of limitation, embodiments may
be used in conjunction with displays selected from among LCD, light emitting diode
(LED), organic light emitting diode (OLED), field emitting display (FED), cathode ray
tube (CRT), plasma, and projection displays. Furthermore, embodiments may be used
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with displays of other types including those not yet discovered. In particular, it is
contemplated that embodiments may be well suited for use with full color, flat panel
OLED 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 environments, coolers/freezers, etc.) where thermal stability
of the display may be at risk.

Isolated Gas Cooling System

[0034] 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 cooling
device. As such, the display 10 may not function properly or may have a greatly
reduced life span. Direct sunlight is especially problematic in causing increases in the
internal temperature of the display 10.

[0035] 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 equipped with an optional 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 reflects sunlight.

[0036] As shown in FIGURE 2, an exemplary embodiment of the electronic display 10
includes an isolated gas cooling chamber 20 contained within a display housing 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.

[0037] The display 10 may include means for cooling gas contained within the second
gas chamber. This means may include one or more fans 60 which may be positioned
at the base of the display housing 70. The fans 60 may 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 utilized to cool the air which
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contacts the external surface of plenum 45. Alternatively, the fans 60 may simply
ingest ambient air.

[0038] Referring to FIGURE 3, embodiments of the isolated gas cooling chamber 20
may comprise a closed loop which includes a first gas chamber 30 and a second gas
chamber 40. The first gas chamber includes a transparent plate 90. The second gas
chamber comprises a cooling plenum 45. The term “isolated gas” refers to the fact that
the gas within the isolated gas cooling chamber 20 is essentially 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 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 contaminates and dust from entering the
first gas chamber 30.

[0039] The isolated gas may be almost any transparent 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. Furthermore, the isolated gas cooling chamber 20 need
not necessarily be hermetically sealed from the external air. It is sufficient that the gas
in the chamber is isolated to the extent that dust and contaminates may not
substantially enter the first gas chamber.

[0040] In the closed loop configuration shown in Fig. 3, the first gas chamber 30 is in
gaseous communication with the second gas chamber 40. A cooling chamber fan 50
may be 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 85.

[0041] 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 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
90 define a first gas chamber 30. The chamber 30 is in gaseous communication with
plenum 45 through entrance opening 110 and exit opening 120.
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[0042] As shown in Fig. 3, a posterior surface of the first gas chamber 30 preferably
comprises the electronic 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 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
embodiments disclosed herein).

[0043] 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 front plate 90, nor optional second
transparent front plate 130 need necessarily be glass. Thus, the term “glass” may be
used 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 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 surfaces to impact the visible light
traveling through the display. Furthermore, the device will be lighter and cheaper to
manufacturer.

[0044] Although the embodiment shown utilizes the electronic display surface 85,
certain modifications and/or 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.
In 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 surface may
be suitable for embodiments of the present cooling system. Although not required, it is
preferable 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 display

components to the circulating gas will be maximized.
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[0045] 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 traverses the first gas chamber 30 in a horizontal direction.
Although cooling system 20 may be designed to move the gas in either a horizontal or a
vertical direction, it is preferable to propel the gas in a horizontal direction. In this way,
if dust or contaminates do enter the first gas chamber 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.

[0046] FIGURE 5 shows a schematic of the rear cooling plenum (illustrated as
transparent for explanation). One or more fans 50 within the plenum may 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 extract 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 internal structures within a given
electronic display application.

[0047] If desired, various electronic components 200 can be placed anywhere
throughout the second gas chamber 40. The electronic components 200 may include,
but are not limited to: transformers, circuit boards, processors, resistors, capacitors,
batteries, motors, power supplies, illumination devices, wiring and wiring harnesses,
and switches. These components can be mounted directly on the walls of the chamber
or supported on rods or posts 209. Thus, the cooling plenum can be designed to not
only extract heat from the first gas chamber 30 but also to cool these various electronic
components 200. (Additionally, as discussed below, if the isolated gas system is used
to heat the display, the electronic components can assist in heating the isolated gas.)
[0048] Referring now to FIGURES 6 and 7, various surface features 150 may be
added to improve heat dissipation from the plenum 45. These surface features 150
provide more surface area to radiate heat away from the gas within the second gas
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chamber 40. These features 150 may be positioned at numerous [ocations on the
surface of the plenum 45.

[0049] 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 thermoelectric modules 160 may be
used independently or in conjunction with surface features 150. Alternatively,
thermoelectric 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.

[0050] FIGURE 10 shows an exemplary method for removing heat in the gas
contained in the rear plenum 45. Fan 60 may be 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
surrounding 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 embodiment can be combined with the constricted convection
cooling method discussed in detail below. The heated exhaust air may exit through one
or more apertures 179 located on the display housing 70.

Isolated Gas Heating System

[0051] As mentioned above, the isolated gas system can be utilized to also heat the
electronic display. Referring to FIGURES 11 and 12, heating elements 220 may be
located within the second gas chamber 40 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 thermoelectric modules. Many times,
these elements are simply a material which contains a high electrical resistance, and
thus generates heat when current flows through it. The heating elements can be, but
are not limited to, any one of the following: nichrcme wire or ribbon, screen printed
metal/ceramic tracks deposited on ceramic insulated metal (generally steel) plates,
CalRod (typically a fine coil of nichrome wire in a ceramic binder, sealed inside a tough
metal shell), heat lamp, and Positive Thermal Coefficient (PTC) of resistance ceramic.

10
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[0052] As discussed above, the plenum 45 may contain electrical components 200
which power and control the electronic display. The electrical components may be any
one of the following: transformers, microprocessors, printed circuit boards, power
supplies, resistors, capacitors, 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 plenum
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 plenum or
may be suspended by mounting posts so that gas may pass all around the component.
[0053] While the display is operational, the isolated gas cooling system may run
continuously. However, if desired, 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 configured to heat, cool, or both heat and cool the
display to advantageocusly keep the display within an acceptable temperature range.
Linear Polarizer with Optional Insulator Gap

[0054] FIGURE 13 is a cross-sectional view of another exemplary embodiment for
another thermal control feature. In the arrangement shown, the front plate 90 and a
second front plate 130 may be comprised of glass and may be laminated together. The
first and second front 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 embodiments, 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 300. The
insulator gap 300 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 locading of the LCD stack. If used in combination with the isclated gas
system, the insulator gap 300 may comprise the first gas chamber 30. In other
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embodiments, the insulator gap 300 may be used without the isolated gas system
simply as a layer of insulation from both the ambient air as well as solar loading.

[0055] 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. 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 300. In some embodiments, to decrease 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 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, respectively.

[0056] 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 first front plate 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. 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 internal
temperature of the electronic display. The linear polarizer 300 may also cause a
reduction in specular reflection of the front glass unit 206 and the display stack 80. As
discussed above, if used in combination with the isolated gas system, the insulator gap
300 may comprise the first gas chamber 30. In other embodiments, the insulator gap
300 may be used without the isolated gas system simply as a layer of insulation from
both the ambient air as well as solar loading. Again, it should be noted that the display

stack 80 may be an LCD stack, but it can alsc be any other type of electronic display.
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[0057] It should also be noted that the second front plate 130 is not required.
Embodiments may utilize only the first front plate 90 with a linear polarizer attached to
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 using only the front plate 90
without the second front plate 130.

Constricted Convection

[0058] Some types of electronic displays 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 displays 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 foregoing
description, the constricted convection system will be described with regard to a
backlight assembly, but it should be noted that the embodiments can be practiced with
other types of displays. Therefore, when a backlight or backlight assemblies are
discussed, these assemblies could also be the rear surfaces of other heat-generating
displays and the constricted convection system would facilitate more efficient 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 the elements
may be exaggerated for explanatory purposes.

[0059] FIGURE 15A shows a cross-sectional view of the backlight 140 with the
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 operating conditions, the type of backlight assembly and its
posterior surface material, and the number and power applied to the various constricted
convection fans. Some exemplary embodiments may utilize a gap distance of
approximately 0.25-3.5 inches. Other embodiments may utilize a slightly larger gap. |t
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
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embodiment for the constricted convection system where one or more constricted
convection fans 310 push air through the gap 305.

[0060] 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.

[0061] FIGURES 17A-17C show cross-sectional views of the 17-17 section that is
shown in Figure 16. Referring first to Figure 17A, towards the front of the display 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 second gas chamber 40. In this arrangement, the
outer wall of the second gas chamber 40 may function as the constricted convection
plate. This embodiment does not utilize 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 backlight 140 and the cooling chamber 40, a
guiding device 320 may be used.

[0062] Referring now to Figure 17B, the cooling chamber 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 chamber. Figure 17C shows another
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.

[0063] The backlight 140 may comprise a printed circuit 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 (OLED), field
emitting display (FED), light emitting polymer (LEP), or organic electro-luminescence
(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 accomplish this low level of thermal
resistance, the backlight 140 may be built using metal printed circuit board (PCB)

technology to further transfer heat away from the lights. The rear surface of the
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backlight 140 may also be metallic, or some other thermally conductive material, to
further enhance the convective heat transferring properties. The surface may even
have a plurality of surface features such as fins to further enhance the convective heat
transferring properties. The constrictive convective 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.

[0064] While the display is operational, the external fan 60 and the constrictive
convection fan 310 may run continuously. 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 various fans may be selectively
engaged when the temperature in the display reaches a predetermined value.
Predetermined thresholds may be selected and the system may be configured with a
thermostat (not shown) to advantageously keep the display within an acceptable
temperature range. This would save on both energy costs as well as the useful lifetime
of the devices.

Air Curtain

[0065] In addition to the various thermal control features discussed above, an air
curtain device can also be used. The air curtain device may be used alone, or in
combination with any of the other thermal control features discussed above.

[0066] FIGURE 18 shows an electronic display 10, having a housing 70 and a front
plate 90. The air baffles 114 for the air curtain can be seen as a broken line in the
figure. Cross-section line 19-19 can also be seen in this figure.

[0067] FIGURE 19 shows the cross-sectional view from the line 19-19 shown in
Figure 18. This figure shows the circulation of air through the housing 70 when fans 60
are actuated. As discussed above, fans 60 ingest air into the housing 70 through
entrance 51. This air may be ambient air or alternatively may be air conditioned air.
The flow of ingested air is shown as arrow 111. Once inside the display housing 70, the
air may flow upwards along flow arrow 121. This air may be utilized with any of the

above mentioned thermal control features. For example, this air may be used to cool
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the isolated gas within the second chamber (plenum) or may be used with the
constricted convection system described above.

[0068] For explanatory purposes, the details of the internal components of the display
have been omitted from this figure and only a cavity 61 is shown. It should be noted,
that the air curtain can be practiced with any type of electronic display and with any
combination of the thermal control features described above. Various internal features
(not shown) may be placed within the cavity 61 to direct the air towards the baffles 114.
The ingested air may continue through the cavity 61 along arrow 121 until it reaches the
baffles 114 which may direct the air against the exterior display 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).

[0069] Thus, the air curtain can be used as an exhaust for the cooling of internal
components of the display. Alternatively, 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.

Fluid Cooling System

[0070] FIGURE 20 is an explanatory schematic illustrating another thermal control
feature. As may be appreciated from the drawing, the cooling system 22 includes
various components in fluid communication. Preferably, this may be accomplished by
connecting the components with a series of tubes or pipes (illustrated conceptually as
dotted lines). The cooling system 22 components include a reservoir tank 37, a pump
47, and a cooling chamber 4 in fluid communication. Preferably, the system also
includes a filter 83 and a radiator 72, also in fluid communication. Optionally, the
system may also include a fan unit 94. However, the optional fan unit is preferably not
in fluid communication with the other components.

[0071] Reservoir tank 37 holds the primary volume of coolant fluid and provides
surface area to conduct heat away from the fluid while it is contained in the tank 37.
The tank has at least two openings, an exit port 13 and a return port 14. Optionally, the
reservoir tank includes a ventilation port 66. Pump 47 causes the coolant fluid to move
through the system 22. As may be appreciated by those skilled in the art, pump 47
may be located at a number of locations along the coolant fluid pathway with suitable
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results. However, in order to minimize curvature of plates 44 and 128, it is preferable to
position pump 47 after the cooling chamber 4 so that the pump actually pulls liquid
coolant from the bottom to the top of cooling chamber 4. If the pump is so positioned,
engaging the pump creates an area of low pressure at the top of the cooling chamber 4.
In this way fluid flows through the cooing chamber 4 according to the arrows. Due to
the “slipperiness” of some coolant fluids, pump 47 is preferably a positive displacement
pump.

[0072] In order to regulate the flow of coolant fluid through the cooling chamber, a
bypass line with a valve 634 may be provided. The bypass line provides a bypass route
for coolant fiuid to bypass the cooling chamber 4. The valve 634 is adapted to facilitate
control over the amount of coolant fluid diverted through the bypass line. The bypass
line and valve 634 allow a predetermined portion of coolant fluid to be diverted away
from the flow directed to the cooling chamber 4 and thereby facilitate control over the
flow rate through the cooling chamber itself. In this way, the flow rate through the
cooling chamber may be regulated.

[0073] As one skilled in the art will appreciate, other methods and devices may also
be used to regulate the flow through the cooling chamber. For example, the size and
pump speed of pump 47 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 pressure transducer (not shown).
Preferably, a pressure transducer may be placed upstream of the cooling chamber 4
and another pressure transducer may be placed downstream of the cooling chamber 4.
The pressure information provided by the at least one pressure transducer may be
utilized to set the operating speed of the variable speed pump. In that way, the flow
rate through the cooling chamber 4 may be adjusted to maintain appropriate pressures
in the device. Maintaining appropriate pressures in the cooling chamber 4 is important
for preventing deformation or breakage of the display glass.

[0074] An optional filter 83 may be added to remove contamination in the fluid.
Preferably, a radiator 72 and fan unit 94 may alsc be included to provide even greater
thermal stability. Optionally, a spigot (not shown) may be provided to facilitate the
process of filling and emptying the coolant fluid from the system.
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[0075] In operation, fluid exits the reservoir tank 37 from an output port 13 which may
be located beneath the tank 37. On its way to the cooling chamber 4, the fluid passes
through optional filter 83. From the filter 83, the fluid next enters the cooling chamber 4
through inlet 98 of manifold 59. The fluid cooclant travels up through the fluid
compartment of the cooling chamber 4 in the direction indicated (dash arrows). The
coolant fluid exits cooling chamber 4 through outlet 99 of the upper manifold 60.
Preferably, the fluid is then received by an optional radiator 72. While traveling through
the optional radiator 72, an optional fan unit 94 may force air past the radiator 72 to
assist in transferring heat away from the coolant fluid. Pump 47, which may be
positioned after the radiator 72, can pull the fluid toward the reservoir tank. The fluid is
received into the reservoir tank 37 through return port 14. Preferably, return port 14
may be disposed at a location that is relatively distant from exit port 13 so as to allow
the returning fluid the maximum opportunity to cool before it exits the reservoir tank 37
through port 13.

[0076] If desired, fan units may be located at the base of the housing 75 just behind
the cooling chamber 4 of display 15. Fan units may provide a laminar flow of air
through the interior of the housing 75. Preferably, the airflow will be directed across at
least one external surface of reservoir tank 37. As described above, the air exhaust
flow may ultimately be redirected onto the cooling chamber surface 44 by way of an
optional air curtain system 114.

[0077] 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 to
detect when temperatures have reached a predetermined 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 a thermostat (not shown) to advantageously keep the display at
a relatively constant temperature, or at least within a range of acceptable temperatures.
Alternatively, to avoid the need for a thermostat, the pump 47 may run continuously

when the electronic display is operational.
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CLAIMS

1. A thermal control system for an electronic display having a display surface and a
backlight assembly, the system comprising:

a first gas chamber positioned anterior to the electronic display surface, said first

gas chamber having an entrance, exit, and exterior surface;

a second gas chamber in gaseous communication with the entrance and exit of
said first gas chamber and positioned posterior to the electronic display
surface, said second gas chamber having interior and exterior surfaces;

one or more chamber fans within said second gas chamber to propel gas around
the first and second gas chambers; and

means for cooling the isolated gas which is contained within the second gas

chamber.

2. The system of claim 1, wherein the means for cooling the isolated gas comprises:

one or more exterior fans adapted to force air over the exterior surfaces of the
second gas chamber.

3. The system of claim 1, further comprising:

one or more of the electronic components for operating the electronic display,
contained within said second gas chamber.

4. The system of claim 2, further comprising:

one or more surface features on the exterior surfaces of the second gas

chamber.
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5. The system of claim 1, further comprising:
a means for heating the gas which is contained within the second gas chamber.

6. The system of claim 5, wherein:

the means for heating the gas which is contained within the second gas chamber

comprises one or more heating elements within the second gas chamber.

7. The system of claim 1, wherein:

an exterior surface of the second gas chamber is placed in close proximity to the
backlight assembly, the space between the backlight assembly and the

exterior chamber surface defining a gap, the system further comprising:

one or more constricted convection fans adapted to draw air through said gap.

8. The system of one of claims 1-4, and 7, further comprising:

an air curtain device adapted to force air across the exterior surface of said first

gas chamber.

9. The system of one of claims 1-4 and 7-8 further comprising:

a linear polarizer placed anterior to said first gas chamber.

10. The system of one of claims 2-9, further comprising:

a temperature sensing device adapted to measure the temperature of the display

surface;
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a switch in communication with said temperature sensing device and said

chamber and exterior fans; and

wherein the fans are switched on when the temperature of the display surface

reaches a threshold value.

11. The system of one of claims 1-10 further comprising:

a filter within the second gas chamber.

12. The system of one of claims 2-4 and 7-11 wherein:

said one or more exterior fans are forcing air over the exterior surfaces of the

second gas chamber which has been air conditioned.

13. A thermally controlled electronic display comprising:
a display stack;

a backlight assembly positioned posterior to said display stack and having a

posterior surface;

a constricted convection plate in close proximity to the posterior surface of said
backlight assembly, the space between the convection plate and the
posterior surface of the backlight assembly defining a gap;

one or more constricted convection fans adapted to draw air through said gap;

a first plate of anti-reflective glass positioned anterior to said display stack, the
space between said anti-reflective glass and said display stack defining

an insulating gap;

a linear polarizer positioned anterior o said first plate; and
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a second plate of anti-reflective glass positioned anterior to said linear polarizer.

14. The display of claim 13 further comprising:

an air curtain device adapted to force air upon the second plate of anti-
reflective glass.

15. The display of one of claims 13 and 14 wherein said backlight assembly comprises:
a printed circuit board (PCB) with an anterior and posterior surface;
a plurality of LEDs attached to the anterior surface of said PCB; and

a metallic coating applied to the posterior surface of said PCB.

16. The display of one of claims 13-15 the display further comprising:

a first gas chamber comprising said insulating gap and having an entrance and

exit,

a second gas chamber in gaseous communication with the entrance and exit of
said first gas chamber and positioned posterior to the electronic display

surface, said second gas chamber having interior and exterior surfaces;

one or more chamber fans within said second gas chamber to propel gas around
the first and second gas chambers; and

means for cooling the gas contained within the second gas chamber.
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17. A method for thermally controlling an electronic display having a display surface
and a backlight assembly, comprising the steps of:

providing an isclated gas system comprising a first gas chamber which is in
contact with the electronic display surface and a second gas chamber in gaseous

communication with said first gas chamber;
forcing isolated gas into the first gas chamber;
transferring heat from the electronic display surface to the isolated gas;
directing the isolated gas into the second gas chamber;
cooling the isolated gas in the second gas chamber if cooling is desired; and

reintroducing the isolated gas into the first gas chamber.

18. The method of claim 17, wherein the cooling step comprises the steps of:

transferring heat from the isolated gas to the walls of the second chamber;
forcing air over the walls of the second chamber; and

transferring heat from the walls of the second chamber to the air.

19. The method of claim 17, further comprising the step of:
heating the isolated gas within the second chamber if heating is desired.

20. The method of claims 17-19, further comprising the steps of:
providing a constrictive convection plate posterior to the backlight assembly, the
area between the constrictive convection plate and the backlight assembly
defining a gap;

forcing air through said gap in order to cool the backlight assembly.
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TITLE OF THE INVENTION

VIDEO DISPLAY SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to video display systems for use in
public spaces, and in particular to an enclosure for holding a flat panel video
display, environmental control systems for controlling the interior environment

of such enclosures, and display structures incorporating such enclosures.

BACKGROUND OF THE INVENTION

[0002] Advertising and marketing displays often consist of non-static
images, such as video images and other digital displays. For example, large-
scale digital displays are widely used in major urban centers, as well as in
stadiums, arenas, exterior walls of buildings and other applications. There exists
an increasing need for smaller scale displays that are capable of displaying a
static or dynamic video image so as to better attract the attention of onlookers.
Displays of this nature may be used for advertising, public service information,
and the like. As used in this patent specification, the terms “video display” or
“flat panel display” encompasses any type of image display, whether for
commercial advertising or other purposes. Preferably, such a display is a digital

static or dynamic video display, but other video display types are known.

[0003] There is a need to provide video display systems that are suitable
for use as a street or floor-level display for use in a harsh environment, such as
outdoor use in locations where the units may be exposed to direct sun, and
other situations of extreme heat or cold. Flat panel display screens, such as LCD
panels, provide a high degree of resolution and are well-suited for displaying
advertising and other images on a smaller scale, for example street-level
displays. As well, advances in LCD and other flat panel screen technologies have
permitted very bright display capabilities, making this technology in principal
suitable for outdoor use in direct or near-direct sunlight. However, apart from

certain closely monitored environments such as airports and retail stores,
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exposed video units can be exposed to vandalism and theft. As well, outdoor
use of an exposed screen is usually difficult as a result of exposure to moisture
and extreme temperature conditions. One solution is to enclose a video screen
within a housing or enclosure. An enclosure may also find uses in indoor
settings, where for security or other reasons it is desired to encase the video

display unit within a robust enclosure.

[0004] Conventional LCD monitors are suitable for operation in a
temperature range of approximately 5°C to 40°C. At temperatures above this
range, the screen may not function and may be temporarily or permanently
damaged, while below this range the display may also not function properly.
This presents a drawback for outdoor usage of LCD displays (and other flat panel
digital monitors) that are enclosed within a housing, since temperatures can
exceed this range. The interior of such an enclosure can experience a greatly
elevated temperature, resulting from the combination of internally-generated
heat from the video monitor, as well as absorbing of heat from the sun. There is
therefore a need to provide a system which includes a secure enclosure for a flat
panel digital display unit, but which is capable of maintaining a suitable
temperature range for a video unit. Thermal management of the system should
be provided in a manner which is efficient, reasonably quiet and reliable within a

range of conditions.

SUMMARY OF THE INVENTION

[0005] There is a need for a free-standing display system such as a kiosk,
which may be placed in a variety of locations such as public plazas, sidewalks
and the like. Such a system offers a high degree of flexibility for marketers and

is desirable for modern marketing techniques.

[0006] It is an object of this invention to provide an enclosure for a digital
display unit, such as a video display, that is suitable for a street-level or indoor
display and which may be incorporated in a variety of display systems such as
free-standing kiosks and other displays. For this purpose, it is an object to
provide an enclosure that provides a degree of thermal regulation and control to

permit the device to operate in harsh outdoor environments.
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