TITLE OF THE INVENTION

PLASMA DISPLAY PANEL, METHOD OF FABRICATING THE \//

. SAME, AND DISPLAY APPARATUS USING THE PLASMA DISPLAY Pﬁ?;f/

BACKGROUND OF THE INVENTION
" The present invention relates to a plasma

displéy panel.for dispiaYing an imége.by 1ight emission of
a plurélity of discharge cells, a method of fabricating
the same, and.a display apparatus using.the plasma display
panel. |

A display apparatus using a plasma_display panel
which contains a plurality of discharge cells is
constructed to display an image by applying a voltage
across electrodes of each discharge cell and thereby
causing the desired discharge cell to-emit light. A panel
unit, which is the main part of the plasma display panel;
is fabricated by b@ﬁding two glass base plates together in
such a manner as to sandwich a plurality of discharge
cells between them. |

In the thus constructed plasma display panel of

the prior art, the discharge cells caused to emit light

' for image formation generate heat, which causes the

temperature of the plasma display panel to rise. The heat

generated in the discharge cells is transferred to the

‘glass forming the base plates, but because of the

properties of the base plate material, the heat conduction
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in directions.paréllel to the panel face is difficult.
Furthermore, the temperature of a discharge cell activated
for light emiséion rises markedly, while the temperature
of a nonactivated discharge cell does not rise much. This
has presented the problem that, in the prior art plasma
display pane1, the panel faée temperature of the plasma
display panel rises locally, accelerating thermal
deterioration of affectéd discharge cells, unless some
heat sinking measures are taken. |

Further, since the temperature difference
between activated and nonactivéted discharge cells is very
large, a stress is applied to the panel unit, the
resulting problem being that_the panel unit of the prior
aft plasmé display panel is prone to breakage.

When the voltage to be applied fo.the electrodes
of discharge cells is increased, the.brightness.of the
discharge cells increases but the amount of heat
generation in such cells élso inéreases; Discharge dells
whereto 1arge vbltages are applied for activafion
therefore become moie susceptible to thermal
deterioration; and the cells tend to exacerbate the
breakage problem of the panel unit of the plasma display
panel. | o

FIG. 12 is a schematic cross-sectional view.
showing a heat sinking structure of.a plasma display panel

according to the prior art. As shown in FIG. 12, a
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supporting plate 300 is provided'on, covering the entire
back surface of a panel unit 550 of the prior art plasma
display panel (hereinafter abbreviated as PDP) SOQ. The
PDP 500 is supported by the supporting plate 300. The PDP
500 is fixed in place by means of double-sided adhesive
tapes 310 attached along'both edges of the supporting
plate 300. In the prio: art PDP 500, a heat conducfive
silicone sheet is interposed between the panél unit 550
and the supporting plate 300 to transfer the heat
generated in the PDP 500 to the supporting plate 300.
However, in the prior art PDP 500 using the silicone
sheet, since the panel unit 550 is curved, it has been
difficult to bring the entire panel unit 550 into intimate
contact with the supporting plate 300;

In the prior art PDP 500 shown in FIG. 12, a
heat éonductive ligquid (compfising silicone grease and
alumina, and the like) 330 is filled between the.panel _
unit 550_and the supporting plate 300 to completely £111
the gap between them. In this way, in.the prior art PDP .
500, the gap between the panel.unit 550 and the supporting
plate 300 is filled with the heat conductive liquid 330
via wﬁich the opposing faces of the panel unit 550 and
supporting plate 300 are contacted with each other in a
heat conductible manner over the entire regions thereof.

Further, in the prior art PDP 500, fins 320 are

formed over almost entire surface on the rear side of the
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' supporting plate 300. With this structure, it is claimed

that the heat generated in the panel unit 550 6f the prior
art PDP 500 is transferred to the supporting plate 300 via
the heat conductive liquid 330 and dissipated through the
fins 320. |

Hdwever, even if the space forméd between the
panel unit 550 and the supporting plate 300 is filled with
the heat conductivé liquid 330, the problem of global or
local temperature rise in the panel unit 550 cannot be
solved for reasons explained beiow.

Thét is, the heat conductivity of the
conventional heat conductive liquid 330 is poor compared
with other heat sinking material such as aluminum, and

moreover, the layer of the heat conductive liquid 330 has

" a thickness amounting to a few millimeters; as a result,

the heat generated in discharge cells 400 is not
sufficiently transferred to the fins 320, but is
accumulated in the panel unit 550 of the PDP 500.
Furthermore, when the panel unit size is increased; the
layer thickness of the heat conductive liquid 330 becomes
thicker, resulting in a structure tending to further
increase the temperature of the panel unit 55d.

In the conventional prior art PDP 500, efforf
has been made to reducé the space formed between the panel
unit 550 and the supporting plate 300 in order to enhance

the efficiency of heat transfer from the panel unit 550 to
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the fins 320. However, the curvafure and the degree of
curvature of the panel unit 550 differ for each individual
panel unit, and also, the suppprting plate 300 does not
have a perfectly flat surface. As a result, it has beén
impossible to bring fhe opposing faces of the panel unit
550 and supébrt platé 300 into-perfect contact with each
other. | '

| In order to solve this problem, the prior art
display apparatus is providéd with cooling fans which
impel air to promote heat dissipation through the fins.
However, when such fans are mounted in the display
‘apparatus, since the lifetime of fan bearings is shorter
than that of the panel unit, it becomes necessary to
replace the fan bearings during the life of the display
‘apparatus. Furthermore,'the'provision of fans causes a
noise problem.

In the prior art display épparétus, therefore,
it has been demanded that fhe number of fans installed in
the display apparatus be reduced, and also that anl
apparatus not requiring a fan (a fanless apparatus) be

developed.

BRIEF SUMMARY OF THE INVENTION
It is accordingly an object of the present
invention to improve heat dissipation of a plasma display

panel and solve the above-enumerated problems associated
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with temperature rises, and to reduce the number of
cooling fans required or eliminate the need for cooling
fans ip a display apparatus using the plasma display
panel. | |

To achieve thé above object, according to the
present invention, there is provided a plasma display
panel comprising: a panel unit qf a curved panel—like
shape containing a large number of discharge cells
arranged horizontally and vertically in a matrix afray;
and a heat sinking unit bonded along a curved back surface
of the panel unit, wherein the heat sinking uﬁit includes
a large number of heat dissipating portions a:ranged o
spaced apart from each other by a.prescribed distance, and
a flexible joining section for connecting the panel unit
with the heat.dissipating'portions in a heat conductible
manner. .

According to the present invention, there is
also provided a plasma dispiay panel comprising: a panel
unit of a curved panel—like shape containing a large
number of discharge cells arranged horizontally and
vertically in a matrix array; a heat sinking unit located
on a back surface of the panel unit and connected.thereto
in such a manner as to be capable of conducting heat from
the panel unit; and a high-orientation graphite layer
interposed between the panel unit and the heat sinking

unit.
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According to the present'invehtion, there is
also provided a method of fabricating a plasmé display
panel; comprising the steps of: supporting a panel unit by
a large number of flexible pins from the front surface
side therepf, the pahel unit having a curved panel-like
shape and containing a lafge number of dischérge cells
arranged horizontally and vertically in a matrix array;
overlaying a heat sinking unit on the panel unit in such a
manner as to face a back surface 6f the panel unit, fhe
heat sinking unit comprising a large number of heat
dissipating'pértions arranged spaced apart from each other
by a prescribed distance and.a flexible joining section
for conneéting the panel unit with the heat dissipating
portions in a heat conductible manner; and bonding the.
heat sinking unit in such a manner as to conform to the
curved shape of the back surface of-fhe panel unit by
pressing'the heat sinking unit against the back surface of
the panel ﬁnit.

According to the present_invention, there is
also provided a display apparatus comprising: a plasma
display panel having a panel unit of a curved panel¥like
shape containing a large number of discharge cells
arranged horlzontally and vertically in a matrix array,
and a heat sinking unit bonded along a curved back surface
of the panel unit; an electrical circuit for driving the |

plasma display panel; and a cabinet for accommbdating
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therein the plasma display panel and the electrical
circuit.

According to the present invention, there is
further provided a disﬁlay apparatus comprising: a plasma
display panel héving a panél unit of a curved panel-like
shape containing a large number of discharge cells
arranged horizontally and vertically in a matrix array, a
heat sinking unit located on a back surface of the panel
unit and connected therefo in such a manner as to be
capable of conducting heat from the panel unit, and a
high-orienfation graphite iayer interposed between the
panel.unit and the heét.sinking unit; an electrical
circuit for driving the plasma display panel; and.a
cabinet for accommodating therein the plasma display panel
and the electrical circuit. |

The plasma display panel and the display
apparatus according tolthe present invention are capable
of suppressing a temperature-rise in the panél unit, and
not only heat dissipation but also durability is greatly
improVed compared with the prior art structure. The
invention thus makes a substantial contribution to
improving the brightness of the display apparatus,
extending the lifetime, and reducing thé number of cooling
fans or eliminating the need for such fans.

While the novel features of the invention are

set forth particularly in the appended claims, the
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invention, both as to organization and content, will be
better understood and appfediafed, élong with other
objects and features thereof, from the following detailed

description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

FIG. 1 is a schematic cross-sectional View
showing a plasma display panel according to a first
embodiment of the present invention;

FIG. 2 is a cross-sectional view showing an
essential portion of the plasma display panel of FIG. 1 in
enlarged form;

FIG. 3 is a rear view of the plasma display
panel of FIG; 1;

"FIG. 4 is a cross-sectional.vigw showing a -
display apparatus having the plésma display panel of FIG.
1;

FIG. 5 is a rear view showing another embodiment.
of the plasma display panel of the present invention;

FIG. 6 is a.rear vieW showing a further
embodiment of the plasmaldisplay panel of the present
invention;

FIG. 7A is a schematic diagram.showing one
process step in.a fabridation method for the plasma
display panel of the first embodiment;

FIG. 7B is a schematic diagram showing one
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process step in the fabrication method for the plasma
display panel of the first embodiment;

FIG. 8 is a cross-sectional view in enlargéd'
form showing an essential poftion of a_plasma display
panel accordiﬁg to a second embodiment of the present
invention;

FIG. 9 is a schematic cross-sectional view
showing a plasma diéplay panel according to a third
embodiment of the present invention;

FIG. 10 is a schematic cross-sectional view
showing a display apparatus according to a fourth
embodiment of the present invention;

FIG. 11 is a rear view showing a display
apparatus accbrding to another eﬁbodiment of the present
invention; and l

FIG. 12 is the schematic cross-sectional view
showing the conventional plasma display panel.

It will be recognized.that some or all of the
Figures are schematic representatioﬁs fof purposes of
illustration and do not'necessarily depict the actual

relative sizes or-locatidns'of the elements showh.

DETAILED DESCRIPTION OF THE INVENTION
A plasma display panel, a method of fabricating
the same, and a display apparatus using the plasma display

panel will be described below in accordance with the
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present invention with reference to the accompanying
drawings illustrating the preferred embodiments theréof.
<<Embodiment 1>>

FIG. 1 is a schematic cross-éectional view
showing a plasma display panel according to a first
embodiment of the present invention. In FIG. 1, the
plasma display panel (hereinafter abbreviéted as PDP) 100
is a DC color plasma display panel for use in a 26-inch .
diagonal display éppafatus.

‘The PDP 100 comprises a panel unit 1, which is
the main part, and a heat sinking unit 2. -The panel unit
1 contains a large number of discharge cells 400 arranged
horizontally and vertically in a matrix array ménner
between two glass substrates la and 1lb. The panel unit 1
is about 5.5 mm in thickness. Though not shown in the
figure, the panel unit 1 is provided with a plurality of
flexible circuit boards which connect electrodes of the -
discharge cells 400 to an electrical circuit for
'electrically driving the panel unit 1. Each flexible
circuit board has a tape-like étructure capable of being
bent. The plurality of cirduit.boards are arranged spaced
apart from each other by é prescribed distance and drawn
out from edge faces of the panel unit 1. The electrical
driving circuit is arranged along side faces of the PDP
100 with the flexible circuit boards bent over, or is

overlaid on a back surface 11 of the panel unit 1.
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The panel unit 1 is distorted, with its back
surface curved to form a concave, by the heat applied when
joining the top and bottom glass substrates la and 1b
together. In this embodiment, there is a'displacement of
about 2 mm betweén the periphery and the largest curved.'
portion of the panel unit 1. In FIG. 1 as well as the
figures hereinafter given, the_curvedfcondition of the
panel unit 1 is exaggerated for clarity.

The heat sihking unit 2 made of aluminum or its
alloy is joined to the panel unit back surface 11 via an
adhesive layer 50 applied to a thickness of about 0.1 mm.
That is, the entire joining surface of the heat.sinking
unit 2 is'bonded'to the panel unit back surface 11 with
the adhesive forming tﬁe adhesive layer 50. A one-
component thermosetting silicone adhesive having excellent
rubber elasticity (for example, FE-61 manufactured by
Shin~Etsu Chemical Co., Ltd.) is used as the adhesive.

FIG. 2 is an eﬁlarged cross-sectiﬁnal view
showing the heat sinking unit 2 of the first embodiment.
As shown in FIG. 2, the heat sinking unit 2 comptises fin
~blocks 21 and thin-wall portions 22 between the fin blocks
21. Each of the fin blocks 21 includes a large number of
integrally formed fins 211 extruding outwardly or
backwardly. The fin blocks 21 are each shaped in the form
of a square having sides of about 100 mm, and are arrangéd

-in a checkerboard or matrix pattérn over the entire back
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surface il of the panei unit 1 as shown in FIG. 3. The
fin blocks 21 are conneéted with one another by the thin—
wall portions 22 about 2 mm wide. The fins 211 Qf each
fin block 21 are formed exfending in a vertical direction
of the panel unit 1. The plurality of fins 211 formed on
each fin bloék 21 are spaced apart from each other by
about 2 mm, each fin having a thickness of about 2 mm and
- an extrusion length of about 25 mm.

Each thin-wall portion 22 connecting between
eéch fin biock 21 has a thickness of about 1 mm which is
thinner than a fin anchoring portion 212 of eéch fin block
21. This structure giveé flexibility to the thin-wall
portion 22. Thus a joining portion 221 between the panel
unit 1 and the heat sinking unit 2 consists of the fin
anchoring portiqns 212 and the'thin-wall portions 22.

As shown in FIG. 2, each thin-wall portion 22 of
the heat sinking unit 2 is curved along the curvature of
.fhe panel unit back surface 11. As a result, the entire-
heat sinking unit 2 is mounted in such a manner as to
follow the curvature of fhe panel unit back su;face'll. A
small gap is formed between each fin anchoring portion 212
of the joining portion 221 and the panel unit béck surface
11, but this gap is filled with an adhesive layer 50.

FIG. 3 is a rear view showing the PDP 100 of the
first embodiment. As shown in FIG. 3, the plurality of

£in blocks 21 of the heat sinking unit 2 are arranged in a
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checkerboard or matrix pattern on the back surface 11 of
the panel unit 1. The panel unit 1 is rigidlylmounted on
an aluminum frame 10 having an opening in the center. Tﬁé
heat sinking unit 2 is located in the opening of the frame
10. Furthermore, as shown in FIG. 3, eledtrical ciréuitry
80 connected to the flexible circuit boards 81 is mounted
on the frame 10.

The heat generated inside the panel unif 1
during the operation of the PDP 100 is dissipated from the
outer sﬁrfaces of the panel unit.l. In particular, much
of the heat generated inside the panel unit 1 is conducted
from the panel unit back surface 11 to the heat sinking
unit 2 through the adhesive léyer 50. The heat conducted
to the heat sihking unit 2 is dissipated into the outside
air from the surfaces.of the heat sinking unit 2,
especially the surfaces of the fins 211. Compared with
the prior art PDP using a silicone sheet of 2 mm or
greater thickness as an intervening iayer, the thickness
of the adhesive layer 50 is extremely thin. Therefore,
the thermal resistance of the adhesive layer 50 is small,
so that the heat from the panel unit 1 is quickiy
transferred to the heat_sinking unit 2. The heat sinking
unit 2 is formed from an aluminum material having a good
heat sinking property, with the fins 2;1 increasing the
substantial heat dissipating area. Thus the PDP 100 of

the present embodiment has an excellent heat siﬁking
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structure.

FIG. 4 is a_séhematic cross-sectional view
showing a display apparatus using the PDP 100 of the first
embodiment.

In FIG. 4, a cabinet 70 of the display apparatus
is an aluminum box. The PDP 100 is mounted with its front
surfade facing outward through an opéning 70a in the front
of the cébinet 70. The opening 70a is covered by a plate
formed from a transparent material such as a transparent
acrylic resin or transparent glass. .The heat sinking unit
2 is mounted with the outside faces of its outer edge
portions 44 contacting the inner faces of the.side
portions of the cabinef 70. The arrays of the fins 211
extend in the vertical direction of the PDP 100; this
structure fécilitates air.flow by natural convection.

Furthermore, with the ends of the fins 211
contacting the rear pahel of the cabinet 70, heat
conduction paths are fdrmed from the PDP 100 to the
cabinet 7d through the fins 211. The heights of the fins
211 and outer edge portions 44 are respectivelj chosen so .
that the ends of the fins 211 extrude outwardly of fhe
extruding ends of the outer edge portions 44.

Though not shown in the figure, venting holes
a;e'formed in the side faces, as.well aé the top and
bottom faces, of the cabinet 70, and the air moves inside

and outside the cabinet through the venting holes.
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'Further, as shown in FIG. 4, a finned external
heat sinking unit 140 is mounted on fhe back surface of
the cabinet 70 so that the heat from the PDP 100 can be
transferred through the fins 211 and dissipated. The
finned external heat sinking unit 140 is mounted
increasing the heat dissipating area of the cabinet 70, so
that their fins makes rows in fhe vertical direction of
the cabinet 70. |

Rather than mounting the finned external heat
sinking unit 140, as deécribed above, the rear panel of
the cabinet 70 may be shaﬁed in the form of a net or
grating to increase the venting area. With this structﬁre
also, the PDP 100 can be cooled efficiently.

The display apparatus incorporating the PDP 100
of the first embodiment can therefore be constructed using
a small number of fans sufficient to cause the movement of
the air surrounding the heat sihking.unit 2. Furthermore,
| if the PDf 100 is mounted in the display apparatus so that
the heat sinking unit 2, especially the fins 211, is
exposed efficiently tq the ventiiation air flow, the heat
sinking capability of the PDP 100 of the first embodiﬁent
can be further énhanced, making it possible to eliminate
the need for fans. | |

Depending on thelcurved condition of the panel
unit used for the plasma display panel, there occur cases

where the difference in the direction normal to the face
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between.the periphery and the largest cutved portion
‘reaches about 4 mm in the case of a 40-inch diagonal
display apparatus. ‘There also occur céses where the panel
unit is curved with ité rear surface forming a convex. In
such cases also, the plasma display panel of the present
invention can address the heat sinking problem regardless
of the siée, curvature, and orientation of the panel unit,
as effectively as the above-described embodiment.

| Since the fin blocks 21 of the first embodiment
are arranged in a checkerboard or matrix pattern on the
panel unit back surface 11, the heat sinking unit 2 is
deformed'precisely following the cﬁrvature of the panel
unit back surface 11 in horizontal and_vertical |
directions. As a resuit, the PDP 100 of the first
embodiment provides exéellent-heat conduction capability.

In the above-mentioned first embbdiment, the

plurality of fin blocks 21 are arranged in a checkerboard
pattern over the entire back surface 11 of the panel unit
1; alternatively, each fin block may be formed in a
rectangular shape about 100 mm in width_and'elongated in a
vertical or horizontal direction, and such fin blocks may
be arranged over the entire back surface 11 of the panel
‘unit 1. An example of such arrangement is shown in FIG.
5. FIG. 5 is a rear view of the PDP provided with
eloﬁgated fin blocks 210 extending in vertical direction.

In FIG. 5, the parts identical in construction and
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function to those shown in FIG. 3 are designated by the
saﬁe reference numerals, and their explanatidn_will not be
repeéted here. |

When the fin blocks 210 are arranged as
elongated blocks extending in vertical direction (in the
vertical direction of fhe plasma display panel 100) as
shown'iﬁ FIG. 5, the heat sinking unit 2 is easily
deformable along the curvature in the horizontal direction
of the panel unit back surface 11.

In either case, by afranging arrays of 10 to 20
fin blocks in ve;tical and/or horizontél directions, the
gap between the panel unit back surface 11 and the heat
sinking unit 2 can be reduced to 0 to 0.1 mm, a_reduction
by a factor of 10 or more compared with the few
millimeters in the prior art structure. This eliminates
thermal resistance betWeeh the pahel unit back surface 11
and the heat sinking unit 2, thus providing a structure. of
excellent thermal conduction.

In the above-mentioned first'embodiment, only
the adhesive layer 50 is provided between the panel unit
back surface 11 and the heat sinking unit 2. Instead, a
synthetic resin layer or silicoﬁe grease may be provided
for bonding between the panel unit back surface 11 and- the
heat sinking unit 2 to promote the heat conduction between
them. Alternatively, the panel unit back surface'll and

the heat sinking unit 2 may be bonded together by
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interposing a heat equalizing léyer between them, or may
be contacted together directly.

If a layer having a cushion effect is interposed -
between the panel unit back surface 11 and the heat
sinking unit 2, gaps between the hard-to-deform portions
(fin blocks 21, etc.) of the heat sinking unit Z.and the
panel unit 1 can be filled with such a layer. Moreover,
if such a cushion layer is formed, the difference in
expansion and contraction resulting from the difference in
thermal expansion coefficient between the panel unit 1 and
the heat sinking unit 2 can be absorbed.

The synthetic resiﬁ'layer can be constructed,
for example, from a silicone rubber sheet having excellent
rubber elasticity and having a smaller thickness than the
con&entional one (the thickness, for example, not to
exceed the gap (0.1 mm) between the panel unit back
surface 11 and thé heat sinking unit.2), or from.a coated
layer of silicone grease. |
| The heat equalizing layer can be constructed,
for example, ffom a flexible metal film éuch as a flexible
film_of copper, oOr from a high-orientation graphite film
having flexibility. Preferably, the high-orientation
graphite film has graphite crystals so aligﬁed as to
provide higher thermal conductivity in the plane direction
-than in the thickness direction. Specific examplés.of

high-orientation graphite are given in connection with a
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third embodiment to be described later. FIG. 6 is a
cross-sectional view showing a structure when the PDP 100
of the first embodiment is provided with a graphite film 6
and a silicone rubber sheet 7.

| Inétead of interposing the adhesive layér 50
between the panel unit 1 and the heat sinking unit 2, the
two units may be overlaid one on tQp of the other in
directly contacting relationship, and joiﬁed together with
adhesivé applied 6n1y along the outer edges of the panel
unit back éurface.ll.

Next, a method of fabrication for the PDP 100 of
the first embodiment will be described with reference to |
the accompanying drawings.

_FIG. 7A is a schematic cross-sectional view
.showing a process step before the panel unit 1 and the
‘heat sinking unit 2 are joined together in the fabrication
method for the PDP 100 of the first embodiment, and FIG.
7B is a schematic cross-sectional view showing a process
step where the panel unit 1 and the heat sinking unit 2
are joined together.

First, as shown in FIG. 7A, alsurface 12 of the
panel unit 1 is supported on a large number of flexible
pins 8. Tﬁe large number of flexible pins 8 are formed,
eacﬁ having a projected length greater than the amount of
displacement, i.e. deflection, at the center of the curved

panel unit 1 relative to the periphery thereof. Further,
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the overall area of thé'flexible pins 8 is made larger

" than the surface 12 of the panel unit 1 so that the
flexible pins 8lcan securely support the entire surface 12
of the panel unit 1.

The flexible pins 8 are formed from silicone
rubber and fixed to a rigid base 9. The panel unit 1
supported on the flexible pins 8 is overlaid on the heat
sinking unit 2 with the panel unit back surface 11
positioned in such a manner as to face the joining portion
221 of the heat sinking'unit 2. The surface of the
joining portion 221 facing the panel unit 1 is coated in
advance with an adhesive 50A.

Next, the heat sinking unit 2 is pressed against
the panel unit back surface 11, as shown in FIG. 7B. The
pressing action in this bondihg step is performed by
applying a pressure sufficient to cause the heat sinking
unit 2 to flex or bend at the thin-wall portions 22
between the fin blocks 21 in such a manner as to conform
to the curvature of the panel unit back surface 11. At
this time, the flexible piﬁs 8 deform, thereby supporting
the panel unit surface 12 over the entire region thereof.
Since the enfire regibﬁ of the panel unit surface 12 is
supported by the flexible pins 8 in this manner, the panel
unit 1 in the bonding step is iess likely to be subjected_
to a strain leading to breakage or damage.

Once the heat sinking unit 2 has been deformed
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in accordance with the curvature of the panel unit back
surface 11, as described above, the deformed state is
retained by the adhesive force of tﬁe.adhesive layer 50.
In an alternative construction, the_defoimed state is
securely retained by double-sided adhesive tapes of
clamping devices provided ét'the edges of the heat sinking
unit.

After the éboVe bonding step, a synthetic resin
layer 222 is formed on top of eacﬁ thin-wall portion 22.
This reinforces the thin-wall portions 22 and improvés the.
strength of the PDP 10. A thermosetting resin having
excellent heat resistance is used as the synthetic resin
to improveithe strength of thé PDP 10. It is preferable
that the synthetic resin be hardened into a hardened
polymerized resin after being deﬁormed to a suitable
shape.

~When a synthetic resin layer and/oxr a heat
equalizing layer or silicone grease are formed everywhere
between the panel unit 1 and the heat sinking unit 2, the
synthetic resin'layer and the heat equalizing layer or |
silicone grease are deformed simultaneously with the heat
sinking unit 2 by the pressing action in the bonding step
in such a manner as to conform to the curvature of the
panel unit back surface 11.

The PDP fabricated by the_abové—described

fabrication process can be used for various types of
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display apparatus.
<<Embodiment 2>>

| Next, a plasma display panel according to a
second embodiment of the preéent invention will_be
described with accqmpanYing drawing FIG. 8.

FIG; 8 is an enlarged cross-sectional view of
the plasma display panel (hereinafter abbreviafed.as PDP)
101 according to the second embodiment. The basic
construction of the PDP 101 of the second embodiment is
the same as that of the foregoing first embodiment, the
difference being in the construction of the heat sinking
unit. The construction of the heat sinking unit 3 of fhe
second embodiment will be described below.

The heat sinking unit 3 of the second embodiment _
comprises a flexible sheet curved along the cufvature of
the back surface 11 of the panel unit 1, and a large
numbei of heat transfer portions 34. Each heaf transfer
portion 34 consists of a thin flat plate 32 and a
corrugated thin plate 33. The heat transfer portions 34
are fixed to thé back surface of the flexible sheet 31,
and are arranged at equally spaced intervals. The flat
plate 32 is arranged parallel or nearly parallellto the
flexible sheet 31. The flexible sheet 31, the flat plate
32, and the corrugated plate 33 ére each formed from an
aluminum member, and are joined together by welding or

gluing as shown in FIG. 8. Narrow, long heat transfer
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paths H are formed between the corrugated surface of the
corrugated plate 33, the flexible sheet 31, and the flat
plate 32. The corrugated plate 33 islattached so that the
venting direction of the heat transfer paths H is parallel
to the vertical directibn of the PDP 101.

The flexible sheet 31lmay be constructed, for
example, from a high-orientation graphite film'having
flexibility (for example, graphite with specific gravity
of 0.5 to 1.5). o |

The heat sinking unit 3 consisting of the
flexible sheet 31, flat plates 32, and corrugated plates
33 is relatively simple in construétion and is easy to
work and fabricate. Furthermore; since the heat sinking
unit 3 of the above construction has a large surface area
as well as the heat transfer paths H capable 6f passing
air in vertical directions, thé PDP 101 of the second
embodiment provides excellent héat conduction capabiiity.

Instead of the heat sinking unit 3 shown in FIG.
8, a heat sinking unit having a honéycomb heat transfer
structure can be used. _The components of this type of
heat sinking unit are formed from a metal such as aluminum
and are joined together by welding or gluing.. The heat
sinking unit can also be constructed using high-
orientation graphite rather than a metal. .Since high-
orientation graphite has high thermal conductivity, a heat

sinking unit formed from high-orientation graphite
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contributes to further enhancing the heat conduction
capability of the PDP. Specific examples of high-
orientation graphite wili be described in the third
embodiment hereinafter explained.

<<Embodiment 3>>

Next, a plasma display panel acco:ding to the
third embodiment of the present invention will be
described with accompanying drawing FIG. 9.

FIG. 9 is a schemafic cross-sectional view
showing the plasma display panel (hereinafter.abbreviated
as PDP) 102 of the third embodiment. The basic
construction of the PDP 102 of the third embodiment shown
in FIG. 9 is'substantially the same as that of the
foregoing first and second embodiments, except that a-
‘high-orientation graphite film is interposed between the
panel unit 1 and the heat éinking unit, aﬁd that the
construction of the heat sinking uhit is different.

The heat sinking unit 4 for the PDP 102 of the
third embodiment comprises a plﬁrality of fins 42 formed
on an aluminum plate having substantially a recessed cross
section, as shown in FIG. 9. The plurality of fins 42 are
formed on the back surface 41 of the heat sinking unit 4.
A front surface 43 of the heat sinking unit 4 is joined to
the panel unit back surface 11. The outside faces of the
outer.edge portions 44 of_the heat sinking unit 4 are

joined to the cabinet of a display apparatus.
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The heat sinking unit 4 of the third embodiment
is a finned heat sink with fins integrally formed from
aluminum; since the entire structure is hard and does not
have flexibility, the heat sinking unit 4 does not deform
along the curvature of the panel unit back surface 1ll. 1In
the PDP 102 of the third embodiment, therefore, a heat.
equalizing layer having high heat conductivity is formed
to fill the space between the panel unif back surface 11
and the heat sinking unit 4. More specifically, a high-
orientation flexible graphite film 6 having a thickness of
0.2 mm is formed along the curvature of the panel unit
back surface 11 to cover the entire region of the back
surface 11 except the outer edge portions'theréof (the
portions that serve as bonding areas), and a silicone
sheet 7 of 2 mm thickness is formed on top of the graphite
film 6. The high-orientation graphite film 6 has high
thermal conductivity and acts to even out local
temperature differences.

The heat sinking unit 4 of the third embodiment
is bohded to the panel unit 1 by an adhesive layer 51
formed along the outer edges of the panel unit back
surface 11. The graphite film 6 has a specific gravity in_
the range.of 0.5 to 1.5. _The silicone sheet 7 is deformed
conforming to the shape of the space between the panel
unit back surface 11 and the heat sinking unit 4.

A one-component thermosetting silicone adhesive
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having excellent rubber elasticity (for example, FE-61'
manufactured by Shin-Etsu Chemical Co., Ltd.) is used as
the adhesive forming the adhésive layer 51.

Furthermore, if the high-orientation graphite
film is also formed between the back surface of the
silicone sheet 7 and the front surface 43 of the heat
sinking unit 4, temperature variations among the fins 42
can be reduced throughout the PDP 104, which serves to
further enhance the heat sinking effect. |

The heat generated inside the panel unit 1
during the operation of the fDP 102 of the third
embodiment is dissipated outside from the surfaces of the
pénel unit 1. In particular, much of the heat'generated
inside the panel unit 1 is conducted from the panel unit
back surface 11 to the heat sinking unit 4 through the-
graphite film 6 and siliqone sheet 7 or through the |
adhesive layer 51. The heat conducted to the heat sinking
unit 4 is dissipated into the outside air from the
surfaces of the heat sinking unit 4, especially the
surfaces of the fins 42.

In the third embodiment,.since the graphite film
6 is formed on the panel unit back surface 11, heat
locally generated in the panel unit 1 is quickly
transferred in lateral directions along the plane to raise
the temperature of nonactivated portions of the panei unit

1. Accordingly, in the panel unit 1 of the third
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émbodiment, localized temperature rises are evened out and
the overall temperature rise is suppressed. The heat
conducted to the heat sinkihg unit 4 is dissipated into
the air from the plurality of fins 42. The héét sinking
unit 4 is formed from an aluminum material having a good
heat sinking property, with the fins 42 increasing the
substantial heat dissipating area. Thus the PDP 102 of
the third embodiment has an excellent heat sinking
structure.

In the third embodiment, a finned heat sink made
of aluminum is used as the heat sinking unit, but instead
of the finned heat sink, it is poséible to use a heat
sinking unit constructed from pairs of thin parallel flat
plates joined together by sandwiching a thin corrugated'
plate between fhem. It is also possible to use a heat
sinking unit having a honeycomb structure joined to a thin
flat plate. The components of these heét sinking units
are formed from a mefal such as aluminum and are joined
together by welding or gluing. The heat sinking unit can
'-also be constructed using high—orientafibn graphite réthér
than a metal.

The silicone sheet 7 has good thermal
conductivity, but instead of the silicone sheet, other
synthetic resin sheets having gobd thermal conductivity,
for example, a synthetic resin containing alumina, can be

used.
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The space formed between the heat sinking unit 4
and the panel unit back surface 11 can be fiiled with
high-orientation graphite, 6r a éomposite structure
containing high-orientation gfaphite, or a multilayered
structure consisting of a high-orientation graphite film
and a synthetic resin layer or silicone grease. |

When using high-orientation graphite to £fill the
space, either the graphite is formed into a bulk body
having the same shape as the shape of the space, or a
plurality of high-orientation graphite films are stacked
one on top of another.

In the third embodiment, a Peltier element 60 as
a heat absorber is mountéd on the back surface of the
gréphite film 6, as shown by a dashed line in FIG. 9. It |
is desirable that an electric circuit for fldwing a
current in a direction that absorbs heat be connected to
the Peltier element 60 at the side bonded to the.graphite
.film 6. In this case, the opposite side of the Peltier
- element 60 is thermally contacted with the heat sinking
unit 4. During the.operation of the PDP 102, when the
Peltier element 60 is energized so as to absorb heat, the
heat in the panel unit 1 is absorbed from the entire
regioh of the panel unit back surface 11 into the Peltier
element 60 thrdugh the graphite film 6. 1In this:way, the
PDP 102 of the third eﬁbodiment can actively cool the

panel unit 1. In an alternative configuration, the
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‘graphite film 6 may be extended outwardly of the PDP 102
‘and the Peltier element 60 may be mounted on the extended
portion. However, when the size of the PDP is large, it
is preferable that the Peltier element 60 be mounted near
the center of the back surféce of the panel unit so that
the heat from the panei unit 1 can be quickly transferred
to the Peltier element 60, which enhances the
effectiveness in suppressing the temperature rise of the
panel unit 1.

In the case of a construction whefe a
multilayered structure consisting of the high-orientation
graphite film 6 and synthetic resin sheet is ﬁéed to fill
the space between the panel unit 1 and the heat sinking
unit 4, the adhesive layer 50 used in the first embodiment
may be formed fhin (for example, to a thickness of about
0.1 mm ) for'bbnding them together. .

The high-orientation graphite used in the third
embodiment should be high-crystalline graphite with
graphite crystals.oriented substantially in one-direction,
especially graphite whose rocking characteristic is 20
deg. or lower. Examples include a film formed by
depositing layers of carbon atoms one on top of another by
CVD using a hydrocarbon-based gas, and then annealing the
resulting Structure;'and a film made by graphitizing a
particular polymer compound. Ambng others, a fiim made by

graphitizing a polymer compound is preferable because it
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.provides good thermal conductivity.

When the rocking characteristic ef the high-
orientation graphlte used in the third embodiment was
measured at peak pos1t10ns of graphite (0002) llnes by X-
ray analysis, the average of the measured values at 10
points was 12.8 degrees. Fabrication methods, etc..for
forming the above-mentioned film made of particular
polymer compound are diselosed in detail in USP No..
5091025, Japanese Patent Unexamined Publication No. Hei 3-
75211, etc.

The above parficular polymer compound may'be
selected from the group consisting of polyoxadiazoles
(POD), polybenzothiazole (PBT), polybenzo-bis-thiazole -
(PBBT), polybenzooxazole (FBO), polybenzo-bis-oxazole
(PBBO), polyimides (PI1), polyamides.fPA), polyphenylene-
benzoimidazole (PBI), polyphenylene-benzo-bisimidazole
(PPB1), polythiazole (PT), and polyparaphenylene-vinylene
(PPV).

| The polyoxadiazoles include polyparaphenylene-
1,3,4-oxadiazole, and their isomers.

The polyimides include an aromatic polyimide

generally represented by the following formula (1).
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' The polyamides include an aromatic polyamide

generally represented by the following formula (2).

il i
_(.HS_C_NH._ Ry— m_c.)ﬁ. . (2)

Wherein Rg= —@/ . R -@/ |

The polyimides and poiyamides used here are not
limited to those having the above structures.

The baking conditions for graphitizing the
polymer compound film ére_not specifically limited, but it
is'prefe:abie to bake it at temperatures above 2000°C, and
preferably at temperatures around'3OCO°C, in which case
graphite with excellent high orientation can be obtained.
The baking is usually performed in an inert gas. During
the-baking, the process atmosphere is held in a
pressurized condition; to minimize the effect of the gas
generated duriﬁg the process of graphitizing, the film
thickness of the polymer compound is preferably's.pm or
- greater. When baked at témperatures below 2000°C, the

resulting graphite tends to become hard and brittle.
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After baking, the baked product may be rolled as
necessary. In the graphitizing process, the film of the
polymer compound is, for example, cut to a éuitable size
and heated to 3000°C. After baking, the baked product is
further transferred to a rolling.process as neceésary.

The high-orientation graphite product thué
prodﬁced may be in any of three forms, a plate, a sheet,
or a film. Also, it may have flexibility or may be a hard
product having no flexibility. For example, én inflexible
high-orientation graphite product obtained by baking an
aromatic polyimide has a specific gravity of 2.25
(compared with 2.67 of aluminum), thermal conductivity in
AB plane direction of 860 kcal/me*he°C (2.5 times that of
coppef, 4.5 times that of aluminum), electrical
conductivity in AB plane direction of 250,000 S/cm, and
elasticity in AB plane direction of 84,300 kgf/mm=.

A flexible high-orientation graphite product has
a specific gravity (0.5 to 1.5) smaller than that of its
inflexible counterpart, but :etains about the same thermal
'donductivity, and is therefore preferred for use as the
flexible sheet and/or the heat equalizing layer for the
heat sinking unit of'the present inventioh.

When using high-orientation graphite.for the
material of the flexible sheet and/or the heat equalizing
layer for the heat sinking unit, it is preferable that the

graphite crystals be oriented so that the high-orientation
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graphite film has higher thermal condﬁctivity in its plane
direction than in its width direction, by considering the
requirement that localized temperature rises in the panel
unit be prevented and 1oea1 temﬁerature variations be
minimized.

When using a high-orientation graphite pfoduet
of film ferm,'the film thickness of the.polymer compound
used as the material is preferably within the range of 5
to 400 pym, and more preferably within the range of 5 to
200 ym when good flexibility is considered. If the film
thickness of the material is greater than 400 pm, the film
will break to pieces and reduce to powder because of the
gas generated from within the film during the process of
heat treatment; such a product is by itself unfit for use’
.as a good material.

| However, powdered graphite can be formed into a
usable graphite sheet if it is prepared as a compesite
material, for example,.with a fluororesin such as a
polytetrafluoroethylene generally known as Teflon.

It is also possibie to pul&erize the high-
orientation graphite producf into scales and use it as a
composite material with a polymer resin sucﬁ as a
fluororesin. In such composite materials, the ratio
(weight ratio) between the graphite and polymer resin will
be suitable if it lies within the range of 50:1 to 2:1

(graphite to polymer resin). When this composite material
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is extrusion-molded, carbon crystals orient in the
direction perpendicular to the direction of extrusion,
providing high thefmal conductivity along that
perpendicular direction. |

When using high—orientation giaphite for
' construction of the heat sinking unit 4 of the third
embodiment, the heat sinking unit can be easily formed in
a desired shape by using, for example, the above—described
composite material.

when filling the space between the.panel unit 1
and the heat sinking unit 4 with the high-orientation
"graphite, a strucfure consisting of a plurality of
- flexible high-orientation graphite films stackéd atop one
another is sandwiched between the panel unit 1 and the
heat sinking unit 4.

Further, for the flexible sheet and the heat
équalizing layer in the heat sinking unit 4, it is
possible to use a sandwich structure (high-orientation
graphite f;lm/normal graphite.sheet/high-orientation
graphite film) consisting of é normal graphite shéet (or
carbon sheet) sandwiched between a pair of high-
orientation graphite films;' |

In the third embodiment, since the high-
orientation graphite film 6 and/or the heat sinking unit 4
are thermally connected to the Peltier element 60, the

panel unit 1 can be actively cooled by the cooling
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function of the Peltier element 60. The Peltier element
60 is arranged with its heat absorbing portion located
within the épace between the panel unit 1 and the heat
sinking unit 4 and contacting over a surface with the
high-orientation graphité film or the heat sinking unit.
In this case, the-heat,releasing portion of the Peltier
element 60 is contacted in a heat conductible manner with
a member fhat dissipates heat Qutside; such as the heat
sinking unit 4. The current applied to the Peltier
element 60 is in the direction that absorbs heat. 

The above-described PDP 102, with drive
circuitry installed in it, is housed in the cabinet, to
complete the construction of the display apparatus in
accordance with the present invention.

For the material, shape, and stfucture of the
cabinet of the displéy apparatus, the same construction as
that of the cabinet of the display apparatus_ﬁsing the
prior art PDP caﬁ be employed. For the mate;ial forming
the cabinet, a metal having a good heat sinking property
is preferred; for example,_alumihum is a desifable
material. It is desirable fo construct the cabinet using
the above-described high-orientation graphite since it has
excellent thermal conductivity.

As for the shape of the cabinef, it is desirable
fhat venting holes for effectively passing the air inside

and outside the cabinet be formed everywhere in the top
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and.bottom faces of the cabinet. A finned external heat
sinking unit may be mounted, for example, on the back
surface of the cabinet, to provide an irregular surface
for increased heat dissipating area. When mounting the
external heat sinking unit, it is preferable that the heat
sinking unit mounted on the back surface of the panei unit
be connected with the cabinet in a heat conductible
manner. The external heat sinking unit can embloy the
same material and construction as those employed for the
~external heat sinkihg unit of the prior art PDP in the.
display appafatus.
<<Embodiment 4>>

"A display apparatus according to a fourth
embodiment of the present invention will be described
below with reference to drawing. FIG. 10 is a schematic
cross-sectional view showing the display apparatﬁs of the
fourth embodiment.

. The display apparatus of the fourth embodiment
shown in FIG. 16 uses the PDP 102 of fhe foregoing third
embodiment.

' A cabinet 70 of the display apparatus is an
aluminum box. The PDP 102 is mounted with its front
surface facing outward through an opening in the front of
'fhe cabinet 70. The heét sinking unit 4 is mounted with
the outside faces of its outer edge portions‘44 contacting

the inner faces of the side portions of the cabinet 70;



-39-

The arrays of the fins 42 extend in the vertical direction
of the PDP 102; this.structure facilitates flow by natural
convection.

Furthermore, ﬁith the ends of the fins 42
cbntacting the rear panel of the cabinet 70, heat
conduction paths are formed from the PDP 102 to the
‘cabinet 70 through the fins 42. The heights of the fins
42 and outer edge portions 44 are respectively chosen so
that the ends of the fins 42'extrude outwafdly of the
extruding ends of the outer edge portions 44.

Though not shown in the figure, venting holes
are formed in the sidé faces, as well as the top and
bottom faces, of the cabinet 70, and the air moves inside
and outside the cabinet through the venting holes.

As shown in FIG. 10, a finned external heat
sinking unit 140 is mounted on the back surface of the
cabinet 70 so that the heat from the PDP 102 can be
conducted and dissipated through the fins 42. The finned
externai heat sinking unit 140 is mounted extending in the
vertical direction of the cabinet 70, increasing the heat
dissipating area of the cabinet 70.

Rather than mounting the finned external heat
sinking unit 140, as déScribed abové, the -rear panel of
the cabinet 70 may be shaped in the form of a net to
increase the venting area. With this structure alsp, the

PDP 102 can be cooled efficiently.
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The external heat sinking unit 140 in the above-
described fourth embodiment uses an aluminum finned heat
sink, but it is alsb-poséible to use a heat sink
consisting of a pair of thin flat plates with a thin
corrugated plate sandwiched between them (the so-called
corrugated structure), or a heat sink constructed with a
honeycomb structure. The heat sinking unit constructed
with corrugated plates and flat plates is simple in
construction and easy to_work and fabricate, and has
excellent heat sihking capability since it can prqvide
enlarged surface area while securing good heat transfer
paths. |

Rather than mounting the external heat sinking
unit 140 of the fourth embodiment, the rear panel of the
cabinet 70 may be shaped ih the form of a net to increase
the venting area. With this structure also, the PDP 102
can be cooled efficiently.

The heat generated during the operation of the
PDP 102 is conducted to the heat sinking unit 4 and
dissipated into the air from the fins 42, is conducted
from the fins 42 and oﬁter edge portions 44 to the cabinet
70 and dissipated into the air from the surfaces.of the
cabinet 70, and is conducted from the cabinet 70 to the
external heat sinking unit 140 and dissipated into the air
from the surfaces thereof. In this way, in the display

apparatus with the PDP 102 assembled in it, since the heat
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from the PDP 102 is efficiently dissipated outside through
évery possible path, it is only necessary fo provide a
number of fans just enough to cause the movement éf air
around the heat sinking unit 4, and the number_of fans can
thus be minimized. |

1f venting holes are formed in the cabinet 70 so
that the outside air can be efficiently introduced to the
heat sinking unit 4, espedially the fins 42, that
facilitates the movement of.air between the area
,surrouﬁding the heat sinking unit 4 and the outside of the
cabinet 70, further prbmoting heat dissipation. This
structure allows a further reduction in the number of
fans, and it is even possible to eliminate the need for
fans.. |

When the Péltier element 60 is mounted on the
high-orientation graphite film 6, as in the construction
of the third embodiment, the display apparatus can provide
high-heat sinking capabi;ity without having to install the
external heat sinking unit 140 and/or fans.

The fourth embodiment has been described as
using the PDP of the third embodiment, but the display
apparatus can also be cbnStructed by housing the PDP of
the first or second embodiment in the cabinet 70.

In the’preSent invention, the material and
construction of the PDP differ depeﬁding on.the type and

required performance of the PDP. For example, the same |
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material and construction as used for the'panel unit of a
known DC color PDP, an AC color plasma display panel, or
- other ordinary'plasma display pahel, can be employed. |

The heat sinking unit joined to the back surface
of the panel unit is mounted préferably in such a manner
as to cover the entire back su:face of the panel unit or
substantially the entire region of fhe back surface of the
panel unit excluding the edge portions thereof, of at the
top and center portions Qf the back surface of the panel
unit. With this arrangement, the heat sinking unit
exhibits excellent heat sinking performance.

For the construction of the heat sinking ﬁnit,.
it is preferable to use a material thatldaﬁ_conducf heat
better than the matefial (for example, glass) of the panel
unit, has a'good heat sinking property, and is easy to
work, or a metal that has good bonding capability with
adhesive; for example, aluminum is a_desirable material.
For the material of the joining portion; high-orientation
graphite is preferred because of its excellent heat
conductivity, but it is also possible to use a normal
graphite sheet or carbon sheet when the amount of heat
generafion is moderate.

The heat sinking unit of the present invention
consists of heat dissipating portions and a joining.
section. The heat dissipating portions includes portions

that have the function of dissipating heat by providing
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enlarged area contacting the air. The heat diésipating
portions are arranged spaced apart from each other on the
joining section, for example, horizohtally and vertically
in a checkerboard pattern, vertically.in a plurality of
arrays, or horizontally . in a plurality of arrays.
Preferably, each heat dissipating portion has a shape
capablé of efficiently dissipating panel heat into the
surrbunding air, and is fofmed in such an irregular shape
as to increase the heat dissipating area and facilitate
the flow of air contacting it. - The heat diésipating
portion is constructed, for example, from thin plates or
the like having a cross-section.of protruding shape,
inverted V shape, or corrugated shape, or a thin flat
plate placed over such thin plates, or from a honeycomb
structure or a structure having pin-like protrusions.
Besides these, irregular structures of various shapes may
be provided t6 increase heat dissipation. Heat sinking
shapes and structures as used for various machines or
other apparatus can be applied for the construction of
these irregular structures.

The joining section accérding to the present
invention has a flexible structure between heat
dissipating portions. This flexible structure allows the
joining sectioh to conform to the curvature of the back
surface of the panel unit. Since the joining section can

thus be formed conforming to the curvature of the back
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surface of the panel unit, the gap between the panel unit
and the heat sinking unit is reduced compared with the
prior art structure, thus reducing the thermal resistance
between the panel unit and the heat sinking unit and
improving heat conduction. The joining section joins a
large numbér of heat dissipating'portions in a heat
conductible manner. As a result, all the heat dissipating
bortions can be handled asla single unit, and heat
transferred locally to fhe joining séction is spread in
- directions parallel to the plane and transferred to many
heat dissipating portions.

Preferablf, the joining section according to the
present invention is curved or bent between heat
dissipating portions in such a manner as to follow the
curvature of the back surface of the panel unit. The
anchoring portions of the joining section to which the
heat dissipating portions are riéidly joined do not have
flexibility; therefore, the face of each anchoring portion
joined to the back surface of the panel unit may be formed
in advance in a convex or concéve shape to conform to the
curved shape of the back surface of the panel unit.

The heat sinking unit acgording to the present -
iﬁvention can be constructed using a structure comprising
fin blocks each having at least one fin and a fhin—wall
portion connecting the fin blocks in a heat conductible

manner and having a thickness thinner than the fin
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anchoring portion. In this strucfure, one fin block
corresponds to one heat dissipating portion, and the fin
anchoring portions and thin-wall portions together
constitute_the joining section. Each thin-wall portion
hasla flexible structure. The fins provide a sufficient
heat dissipating area and is effective in éausing a smooth
air stream. Arranging such fins in multiple arrays along
the vertical direction of the panel.unit in its usual
operating position ensures efficient air stream and heat
transfer. In a configuration in which forced air is
"supplied to the heat sinking unit, the fins may be
arranged along the flowing direction of the air.

The fin blocks are formed integral with the
thin-wall portion from the material of the heat sihking
unit by a cutting process, mold extrusion process, casting
process, or other forming process. Alternatively, the
heat sinking unit may be fabricated by fifst méking a
1arge number of fin blocks separatély from a flexible
sheet with the same thickness as the flexible thin-wall
portion and a shape capable of being bonded to the back
surface of the panel unit, and then arranging the fin
blocks spaced apart at prescfibed intervals on the
flexible sheet and joining them together by gluing,
welding, or other suifable means.

The joining section of the heat sinking unit

according to the present invention can be constructed
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using a flexible sheet. In this case, the heat
dissipating portions are fixed to the upper surface of the
flexible sheet, and thus the flexible sheét is capable of
being bent at portions between the anchoring portions of
the heat dissipatihg portions. The flexible sheet is, for
example, in the form of a sheet, a fi;m, or a thin plate.
The flexible sheet may be formed to have a flexible
structure only between the'anchdring portions of the heat
dissipating portions, or may be.formed to have a flexible
structure throughout the sheet, including portions thereof
to be bonded to the anchoring portions of the heat
dissipating portions.

The above flexible sheet may be formed integral
with the heat dissipating portions from the material of
the heat sinking unit by a cutting process, mold extrusion
process, casting process, or other forming process.
Alternatively, the flexible sheet and the parts of the.
heat dissipating portions may be formed separately, ffom
the material of the heat sinking uﬁit, and then joined
together by gluing, welding, or other suitable method.

Alsq,'tﬁe portion of the joining section that
connects the heat dissipating portions in a heat
conductible manner may be constructed from a heat
conductible coupling (or joint). This coupiing
constitutes the flexible portion of the joining section.

It is, however, preferable to use the thin-wall portion or
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part of the flexible sheet as the flexible portion of the
joining section, as described above, since the
construction is simpie énd easy to manufacture.

The panel unit and the heat sinking unit
according to the present invention may be joined together
with a heat equalizing'layer interposed between them. The
heat équalizing layer is formed from a material having
higher thermal conductivity than the base material (for
example, glass) of the panel unit and capable of deforming
following the curvature of the back surface of the panel
unit; examples include a film, a sheet, or a thin plate
formed from a metal; high-orientation graphite, or other
flexible material having good heat conductivity. As a
metal, for example, copper is a desirable material. For
the_matefial of the heat equalizing layer, high-
orientation graphite having higher heat conductivity than
‘the material of the-héat sinking unit is preferred because
of its excellent heat conductivity. : : -

The panel unit and the heat sinking unit_
according to the present invention are joined togethér by
adhesive or silicone grease, or only the edge portions of
the back surface of the panel unit are bonded to the
joining section of the heét sinking unit by adhesive or
double-sided tape, or the panel unit and the heat sinking
unit are joined together using clamping devices which

clamp them from outside.
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The adhesive used is the kind of adhesive that
has rubber elasticity and that is capable of bonding
together the materials formihg the heat sinking unit and
the panel unit. The rubber elasticity of the adhesive
absorbs the difference in thermal expansion coefficient
between the heat sinking unit and the panel unit, and
ensures the bonding of the two members in good heat
conducting condition. The'adhesive having rubber
elasticity ihcludes, for example, a silicone-based
adhesive. Among others; a silicone-based_adhesive of
thermosetting type is easy to use and provides good
adhesion. | |

When the heat sinking unit is mounted following
the curvature of the back surface of the panel unit, the
underside of the heat sinking unit may not come into
intimate contact with the back surface of the panel unit,
and a gap may be caused. Even if the gap is filled with a
synthetic resin, silicone grease, or the like, similarly
to the prior art: structure, their thickness can be made
very thin compared with the prior art structure. Aas a
result, the heat conduction from the panel unit to the
heat sinking unit is greatly improved comparedlwith the
prior art'structure.

The flexible portion of the joining section
which connects between the heat dissipating portions has

reduced strength, but this flexible portion is reinforced
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by a synthetic resin after being deformed along the
curvature of the back surface of the panel unit. This
reinforcement prevents the overall strength of the PDP
from dropping.

The panel unit is-electricaily connected by
flexible circuit boards to an electrical circuit for
driving the PDP. The electrical driving circuit is folded
over onto the back surface of the pgnel at portions where
it is connected to the flexible circuit boards. The
flexible circuit boards as connecting means aré therefore
arranged in such a manner as to surround the periphery of
the heat sinking unit. ' In this construction, to ensure
smooth flow of the air contacting the heat sinking unit,
the flexible circuit boards are partially extended in the
form of a plurality of tape-like circuit boards from the
four sides of the panel unit, and these tape-like flexible
circuit boards are arranged spaced apart from each 6ther,
thereby ensuring easy movement of the air. 1In this case,
the plurality of tapé-like flexible circuit boards are
crossed in a raised manner, to increaée the area not
covered with the tapes and thereby facilitate smooth flow
of the air. FIG. 11 shows a rear view of a PDP using the
thus structured flexible circuit boards 82. The PDP shown
in FIG. 11 is the PDP of the first embodiment, with the
flexible circuit béards 82 as connecting means attached to

it. Since the plurality of flexible circuit boards 82 are
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formed as thin strips, as shown in FIG. 11, the structure
facilitates smooth flow 6f the air passing through the
fins.

The front surface of the panél unit of the
present invention is curved for the same reason as given
for the curving of the back surface. Accordingly, during
the manufacture of the-PDP, if the panel unit is'supported
on a hard flat surface, a very strong force is applied to
a limited portion of the panel unit, and the panel unit
can easily bé broken or damaged.

To prévent the breakage or damage of the panel
unit, it is recommended that the following method be
employed. |

First, the curﬁed panél unit containing a large
number of discharge cells arranged horizontally and
vertically in a matrix array is supported by a large
number of flexible pins from the front surface side. The
large numbér of flexible pins eaéh have a length greater
than the width of the largest curved portion'and are
formed over an area equal to or larger than the area
corrésponding to the front surface of the panel unit. It
is desirable that the material and.shape of the flexible
pins be such that, when the heat sinking unit is pressed
against the panel unit, the flexible pins are flexed and
deformed to support_thé entire front surface of the panel - -

unit. For example, a rubber structure is used that has on
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its top surface a large number of cones with their
vertices pointing upward. .The heat sinking unit is
overlaid on the back surface of the panel unit supported
on the flexible pins. The heat sinking unit is placed
with its joining section facing the back surface of the
panel unit. Then, the heat sinking unit is pressed
against the back surfacé of the panel unit. The bressing
action is performed by applying a pressure sufficient to
cause the flexible portion to deform or bend following the
curvature of the back surface of the panel unit. At this
time, since the entire front surface of the panel unit is
supported by the flexible pins, the panel unit is less
likely to be subjected to a strain leading to breakage or
damage. When interposing a heat equalizing layer between
the panel unit and the heat sinking unit, the flexible
sheet can be overlaid in an appropriate position, for
example, directly on the back surface of the panel unit,
on the gap-~-filling synthetic resin orlsilicone grease, on
the adhesive, or directly below the heat sinking unit.

The flexible sheet is deformed following the
curvature of the back surface of the panel unit by the
pressing action. Instead of using the flexible pins, a
concave structure éonsisting of a large number of varying-
length pins made of hard material may be used to support
the banel unit. In this case, the concave is designed by

predicting the curvature and the direction of curving of
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the back surface of the panel ﬁnit.

Although the present invention has been
described in terms of tﬁe presently preferred embodiments,
it is to be understood that such disclosure is not'to be
interpreted as limiting. Various alterations and
modifications will no doubt become apparent to those
skilled in the art té which the present invention
pertains, after having read the abovg disclosure.
ACco;dingly, it is intended that the appended claimé be
interpreted as covering all alterations and modifications

as fall within the true spirit and scope of the invention.
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CLAIMS
1. A plasma display panel comérisingz
‘a panel unit of a curved panel-like shape
containing a large number of discharge cells arranged
horizontally and vertically in é matrix array; and
| a.heat sinking unit bonded along a cur#ed_back
" surface of said panel unit,
wherein said heat sinking.pnit includes
a large number of'heat'dissipating portions
arrangéd spaced apart from each other by a prescribed
distance, and |
a flexible joining section for connecting said
pénel unit with said heat dissipating portions in a heat
conductible manner. - |
2. A plasma dispiay panel according to claim 1,
wherein
.said heat sinking ﬁnit includes
fin blocks each having at least one fin and
having a fin anchoring portibn-fdr holding said fin
thereon, and
a flexible thin-wéll portion, havihg a thickness
thinner than éaid fin anchoring portion, for connecting
together said fin blocks in a heat conductible manner.
3. A plasma display panel according to claim 1,
wherein said flexible joining section is a flexible sheet,

said heat dissipating portions are fixed to said flexible
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sheet, and said flexible joining section is bonded along
the curved back surface of said panel unit.

4. A plasma display panel according to claim 1,
wherein a reinforcing synthetic resin layer is formed on
said flexible joining section. |

5. A plasma display panel according to claim 1,
wherein a high-orientation flexible graphite film is
interposed between said panel unit and said heat sinking
unit.

6. A plasma display panel comprising:

a panel unit of a curved panel-like shape
'containing a large number of discharge cells arranged
horizontally and vertically in a matrix array;

a heat sinking unit located on a back surface of
said panel unit and connected thereto in such a manner as
to be capable of conducting heat from said panel unit; and

a high-orientation graphite layer interposed
between said panel unit and said heat sinking unit.

7. A plasma display panel according to claim 6,
wherein said graphite layer ié a high-orientation flexible
graphite film, and.said graphite film is bonded to the
curved back surface of said panel unit..

8. A plasma display panel according to claim 6,
wherein a Peltier element is thermally connected with said
graphite layer.

9. A method of fabricating a plasma display
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panel, comprising the steps of:

supporting a panel unit by a large number of
flexible pins from the front surface side thereof, said
panel unit having a curved.panel—like'shape and containing
a large number of discharge cells arranged horizontally |
and vertically in a matrix array;

overlaying a heat sinking unit on said panel
unit in such a manner as to face a back surface of said
panel unit, said heat sinking unit comprising a 1arge
number of heat dissipating portions arranged spaced apart
froﬁ each other by a prescribed distance and a flexible
joining section for connecting said panel unit with said
heat dissipating portions in a heat conductible manner;
and |

'bonding said heat sinking unit in such a manner
as to conform to the curved shape of the back surface of
said panel unit by pressing said heat sinking unit against
the back surface of said panel unit.

10. A display apparatus comprising:

.a plasma display panel having a panel unit of a
curved panel-like shape containing a 1arge.number of
discharge dells arranged horizontally and vertically in a
matrix array, and a heat sinking unit bonded along a |
curved back surface of said panél unit;

an electiical circuit for driving said plasma

display panel; and
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a cabinet for accommodating therein said plasma
display panel and said electrical circuit.

11. A display apparatus comprising:

a plasma diSplay panel having a panel unit of a
curved panel-like shépe containing a large number of
'discharge cells arranged horizontally and vertically in a
matrix array, a heat Sinking unit located on a back
surface of said panel unit and connected.thereto in such a
manner as to be capable of conductihg heat from said panel
unit, and a high-orientation graphite layer interposed |
between said panel unit'and said heat sinking unit;

an electrical circuit for driving said plasma
display panel; and'l

| a cabinet for accommodating therein said plasma
display panel and said electrical ciréuit.

12. A display apparatus according to claim 11,
wherein said graphite layer is a high-orientation fleiible
graphite film, and said graphite'film is bonded to the
curved back surface of.said panel unit.

13. A display apparatus according to claim 10 or
11, wherein said heat sinking unit is connected with said
cabinet in a heat conductible manner.

14. A display apparatus according to claim 10 or
11, wherein said heat sinking unit is thermally connected

with a Peltier element.



