47000 3)—
,-l .TITLE OF THE | NVENTI ON PLASNA DISPLAY PANEL, NMETHOD OF FABRI CATI NG THE .

_QAI\/E AND DI SPLAY APPARATUS USI NG THE PLASMA DI SPLAY PANEL / BACKGRONE 08

THE. | NVENTI ON The present invention relates to a plasma display panel for
di spl dyi ng an i mage .by light em ssion of a plurality of discharge cells, a
met hod of fabricating the same, and a display apparatus using the plasma
di spl ay panel. A display apparatus using-B-plasma display panel which
contains a plurality of discharge cells is constructed to display an i mage

by applying @r¥pktggerasr 9RyeRTeonr odes of each di scharge cell and thereby

causing the desired discharge cell to emt light. A panel unit, which is

the main part of the plpaagmadicErAYWEFMNEL, METHOD wmmmmgmmo
gl ass- base plates together in such a manner as to sandw ch a pIuraI;;%go

d:c scharge Ce‘sAnEbeANBenxsham RPPRARA TUSUYSINGS THEC PEASHAL SIS PAUAYD [PAN
of

BACKGROUND OF THE INVENTION
' The present 1nvent10n relates to a plasma
dlspley panel for dlsplaylng an image by 1lght emission of
a plurality of discharge cells, a method of fabricating
the same, and.a display apparatus using.the plasma display
panel. |
A display apperatus 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 beﬁding 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 fise. 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

REPLACED SHEETS  SG
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the prior art, the discharge cells caused to emt light for imge formation
- generate heat, which causes the tenperature of the plasma display panel to
rise. The heat generated in the discharge cells is transferred to the gl ass
-form ng the base plates, but because of the properties of the base plate
material, the heat conduction REPLACED SHEETS SG -2- in directions
parallel to the panel face is difficult.-Barthernore, the tenperature of a
di scharge cell activated for |light emi ssion rises markedly, while the

tenperature gh aiReRdsdnsiREaliIxahaganeedantaesaud ifd T8 fFRIGultlhi s has
presented the problemthat, in the prior art plasnma display panel, the :

panel face teuRenairsoee)l thee tempera tlireplo®y spaielcharers deldaldotivated
accelerating thermal deterioration of affected discharge cells, unless sone
heat sinki ng foradight amdsisdlorn 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



Further, since the tenperature difference between activated and
nonactivated discharge cells is very large, a stress is applied to the
panel unit, the resulting problembeing that the panel unit of the prior
art plasma display panel is prone to breakage. Wien the voltage to be
applied to the el ectrodes of discharge cells is .increased, the brightness
of the discharge cells increases but the-3arount of heat generation in such
cells also increases. Discharge cells whereto |arge voltages are applied

for acti vatigupbb%eﬁgr p1BeeodBoNaLe pTovaded bing covitdngaithéeterrtiomeat i on;
and the cells tend to exacerbate the breakage probl em of the panel unit of

the plasma dibapkagupgaek. offl & pafels unitciHE0RIOC thieo Privaciaringlasmaw |

showi ng a heat sinking structure of a plasna display panel according to the

prior art. Aaispowy panBLG(hbZeimafter abbreviated as PDP) 500. 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



-3- supporting plate 300 is provided on, covering the entire back surface
of a panel wunit 550 of the prior art plasma display panel (hereinafter
abbrevi ated as PDP) 500. The PDP 500 is supported by the supporting plate
300. The PDP 500 is fixed in place by neans of doubl e-si ded adhesive tapes
310 attached al ong both edges of the supporting plate 300. In the prior art
PDP 500, a heat conductive silicone sheetd+4s interposed between the panel
unit 550 and the supporting plate 300 to transfer the heat generated in the

PDP 500 to thgpsepRohyi plabbaBe0300withvwenes, stputharp;i at ast cEBEmBAO0
-using the silicone sheet, since the panel unit 550 is curved, it has been

difficult tothatnghéhregst genepanet fini thé5pahelountti 560eofokhecpriorh t he
supporting plate 300. In the prior art PDP 500 shown in FIG 12, a heat
conducti ve | agyi EDPCHOPr isi tyansiferved yoctbe sngpartingaplate BAE Wilke)
330 is filled between the panel unit 550 and the supporting plate 300 to
conpl etely fthée heatgapneckéve dhamidl A3Phapdwdjssipated Fhrenghr thepp

| 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 below.

Thét is, the heat conductivity of the
conventional heat conductive liqqid 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, effort |
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



500, the gap between the panel unit 550 and the supporting plate 300 is
filled with the heat conductive liquid 330 via which the opposing faces of
the panel unit 550 and supporting plate 300 are contacted with each ot her
in a heat conductible manner over the entire regions thereof. Further, in
the prior art PDP 500, fins 320 are formed over alnbst entire surface on
the rear side of the -4- -supporting ptete 300. Wth this structure, it
is clainmed that the heat generated in the panel unit 550 of the prior art

PDP 500 is “’tgasff%_éeézbq t RBWEVRRO! thiad cRirdhaeu?@0 anida thee degaeec @iFduct i ve
l'iquid 330 and di ssipated through the fins 320. However, even if the space

formed bet wegriA@uRanel whic! padlelanciths5oUBRE e Eop akeh3Ahdisiidualed:
with the heat conductive liquid 330, the problem of global or |ocal
tenperature phneli Gniks padellsdi,t thel suppoattimg 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 épparatus, therefore,
it has been demanded that fhe number of fans installed in
the display apparatus be reduced, and also that an

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



-

solved for reasons expl ained below. That is, the heat conductivity of the
conventional heat conductive liquid 330 is poor conpared with other heat
sinking material such as alum num and noreover, the |ayer of the heat
conductive liquid 330 has a thickness anounting to a fewmllineters; as a
result, the heat generated in discharge cells 400 is not sufficiently
transferred to the fins 320, but is accunfitated in the panel unit 550 of
the PDP 500. Furthernore, when the panel unit size is increased, the |ayer
t hi ckness of wiith heapererttre nisds,qundt 320 dediueree tHehiminber refsul ting in a
structure tending to further increase the tenperature of the panel unit

550. In the cooldng dans pequirsd dzDel15(E nadfel dhte meed cior rombd itrg r educe
t he space fornmed between the panel unit 550 and the supporting plate 300 in
order to enhfave tiheacfifiispilenc pprRrsdas msdmgl dhef pdasmse digpdlasunit 550 to

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.



-5- the fins 320. However, the curvature and the degree of curvature of the
panel unit 550 differ for each individual panel unit, and al so, the
Supporting plate 300 does not have a perfectly flat surface. As a result,
it. has been inpossible to bring the opposing faces of the panel unit 550
and support plate 300 into perfect contact with each other. In order to
solve this problem the prior art display7apparatus is provided with .
cooling fans which inpel air to pronote heat dissipation through the fins.

However, when such fanacyordmignties the Prestirmpliaweantomt thers nice t he
lifetime of fan bearings is shorter than that of the panel unit, it becones

necessary toalggl pesvibed anmetaodngs dabirigatieg iaf @1al'smahdldnpé.[aiyay
apparatus. Furthernore, the provision of fans causes a noise problem In

the prior arpatlespl epmprisiagushet seéeploné,: isuppas tiegn adeaedeanditabit he
nunber of fans installed in the display apparatus be reduced, and al so that
an a large number of flexible pins from the front surface
side thereof, the panel 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, the
heét 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 horizéntally and vertically in a matrix arfay,
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



apﬁaratus not requiring a fan (a fanl ess apparatus) be devel oped. BRI EF
SUWARY OF THE INVENTION It is accordingly an object of the present

invention to inprove heat dissipation of a plasma display panel and sol ve

t he above-enunerated probl ens associated . -6- with tenperature rises,
to reduce the nunber of cooling fans required or elimnate the need for
cooling fans in a display apparatus usinggthe plasm display panel. To
achi eve the above object, according to the present invention, there is

provided a plasymdi YpeAp1RARR CAXBIES ipie]d RN Hhelldillectiritaaur ved
panel -1i ke shape containing a | arge nunber of discharge cells arranged

horizontal |y gpd.Mertically in a matrix array; and a heat sinking unit
bonded al ong a curved back surface

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 cglls
arranged horizontally and vertically in a matrix array, a
heat sinking unit located on a back surface of the panel
unit and connected therefé 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

and



of the panel unit, wherein the heat sinking unit includes a |arge nunber of
heat di ssipating portions arranged spaced apart from each other by a
prescri bed 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 plasnma display
panel conprising: a panel unit of a curvegl panel-|like shape, containing a

| arge nunber of discharge cells arranged horizontally and vertically in a

matri X arrayiné?ggf§ﬂsiB&Eﬂgagnkb begaheda®ion BREKcOWLEATE @fiitheepanel

unit and connec éreto in such a“nmanner. as to be capabl'e of conducting

heat fr0"1thﬁeee§f'uﬂaé&s§eaa anhiagpeébga&éahoalahgphg&a Aty i nterposed
an -7- _

bet ween t he panel unit t he heat sinking unit.

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
esseﬁtial 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 steé in a fabrication method for the plasma
display panel of the first embodiment;

FIG. 7B is a schematic diagram showing one



According to the present invention, there is al so provided a nethod of

- fabricating a plasma di splay panel, conprising the steps of: supporting a
panel unit by a large nunber of flexible pins fromthe front surface side
t hereof, the panel unit having a curved panel -like shape and containing a°
| ar ge nunber of discharge cells arranged horizontally and vertically in a
matrix array;,; overlaying a heat sinking-u0+4 on the panel unit in such a
manner as to face a back surface of the panel unit, the heat sinking unit

~conprising apkace8sNeae ief HhRAE irS HaRAON GhetPiod TaS- aheApaeGnipaced
apart fron1each other by a prescribed distance and a flexible joining

section for a&aggayl panehe gfantle Firstienbodimebfat di ssipating portions in
a heat conductible manner; and bonding the heat sinking unit in such a

manner as to conform t Flthe & urs e cafre-sct ivndlackiewrifracenldrged panel
unit by pressing the heat sinking unit against the back surface of the
panel unit. £oror shoying Eire essesdiali pearitiiom off lkepd ssmaalddepdegvi ded a
dlsplay apparatus conprising: a plasm
panel according 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



di spl ay panel having a panel unit of a curved panel-like shape containing a
| arge nunber of discharge cells arranged horizontally 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 cabi net for -accommobdati ng therein the plasma display panel and the
electrical circuit. According to the preserd invention, there is further
provi ded a di splay apparatus conprising: a plasma display panel having a

panel unit Oh:%s%wt\/% lorl InfeeES AR FetERi 18 Nthe? dcicifpatiyiiey  Of

di scharge cell's arranged horizontally and vertically in a matrix array, a
heat sinki ng gahii lgac atiad =i faaf kerid idrsrerafed Renboaiglert tthsnsbapnnect ed

thereto in such a manner as to be capable of conducting heat fromthe panel
unit, and a higmpyditinad 195 graphite layer interposed between the

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.



panel unit and the heat sinking unit; an electrical circuit for driving the
pl asma di spl ay panel; and a cabinet for acconmobdating therein the plasm

di spl ay panel and the electrical circuit. The plasma di splay panel and the
di spl ay apparatus according to the present invention are capabl e of
suppressing a tenperature rise in the panel unit, and not only heat

di ssipation but also durability is greatdyzinproved conpared with the prior
art structure. The invention thus nakes a substantial contribution to

i nproving the bright nesph@fpdher st ay LPNA MoSre@XtRDeh "Brs NBadkf etine,
and reduci ng the nunber of cooling fans or elimnating the need for such

fans. Wile themeeelcdRaldines i ke dohRiid,ObyaMthe ted©ddprdd ividr | y
in the appended cl ains, the -9- invention, both as to organi zation and -
content, willjdifiing 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



better understood and appreciated, along with other objects and features
thereof, fromthe follow ng detailed description taken in conjunction'mﬁth
~the drawi ngs. BRI EF DESCRI PTION OF THE SEVERAL VI EWs6 OF THE DRAWNGS FIG 1
is a schematic cross-sectional view showi ng a plasnma display panel
according to a first enbodinent of the present invention; FIG 2 is a
cross-sectional view show ng an essenti ai3sortion of the plasma display
panel of FIG 1 in enlarged form FIG 3 is a rear view of the plasma

di spl ay panekypfaEbGri1losFifie pahelauaiesy- secishomdl ivi #weshawi nghe di spl ay
apparatus having the plasma display panel of FIG 1; FIG 5 is a rear view
showi ng anot kes, pIBEREMRA! arel cohtiepitadmvidhs pindy apattlerobyt hepritdert

invention; FIG 6 is a rear view showing a further enbodi nent "of the plasm
di spl ay paneka®i pbethpoaserl aboent 20mm wide. The fins 211 of 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



FIG 7A is a schematic diagram show ng one process step in a fabrication
met hod for the plasma display panel of the first enbodinment; FIG 7B is a
schemati ¢ di agram showi ng one -10- process step-in the fabrication

met hod for the plasma display panel of the first enbodinent; FIG 8 is a
cross-sectional view in enlarged formshow ng an essential portion of a
pl asma di spl ay panel according to a secoatdenbodi nent of the present
invention; FIG 9 is a schematic cross-sectional view showi ng a plasna

di spl ay panelchres@rioadd @M ndtrik adeekrievn ofhd eadi aserfadaVENtdHN;
FIG 10 is a schematic cross-sectional view show ng a di splay apparatus
accor di ng t o thef gardl emiadilnentThd gdreeprasentl i iwenidgidly mounted 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



FIG 11 is arear view showing a display apparatus according to another
enbodlnent of the present invention; and FIG 12 is the schematic

cross-sectional view show ng the convent i onal pl asma di splay panel. It will
be recogni zed that some or all of the Figures are schematic representations
for purposes of illustration and do not necessarily depict the actual

rel ative sizes or |ocations of the el emnenis-shown. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON A pl asrma di spl ay panel, a nmethod of fabricating the sanme, and
a di splay appahdidtsigesi ng the plasnma display panel will be described bel ow
I n accordance with the present invention with reference to the

acconpanyi ng drawi ngs ikigst4aisng sBRersaeisr £Pds80bEELIBALS vhepeof.
<<Enmbodinment 1>> FIG 1 is a schematic cross-sectional view
showing a display apparatus using the PDP 100 of the fl;st
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 formed from the PDP 100 to the
cabinet 70 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 flgure venting holes

a;e'formed in the side 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.



showi ng a plasma display panel according to a first enbodi nent of 't he
present invention. In FIG 1, the plasma display panel (hereinafter
abbreviated as PDP) 100 is a DC color plasma display panel for use in a
26-inch diagonal display apparatus. The PDP 100 conprises a panel unit 1,
which is the main part, and a heat sinking unit 2. The panel unit 1 '
contains a |l arge nunber of discharge cel4s6400 arranged horizontally and
vertically in a matrix array manner between two gl ass substrates |la and |b.

The panel unit 1 is abogpir&hérMas NshoitKNESBICThOUGR PADinSAOMRtePnAle
figure, the panel unit 1 is provided with a plurality of flexible circuit

boar ds whi ch reaineainkalRy urtide 140 fdhaenslirsed@ e el Ikacddd Burrate dect ri cal
circuit for electrically driving the panel unit 1. Each flexible circuit

board has a ttire-dabimestt A0 tso etleapaiiee dathefrgm b PO L) waal idey of
circuit boards are arranged spaced apart from each other by a prescribed
di st ance and wheneferted rdmaeadye thecebing 2lile gpahalismipatied.Therhed ectri cal
driving circuit is arranged al ong side faces of the PDP
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



100 with the flexible circuit boards bent over, or is overlaid on a back
§urface 11 of the panel unit 1. -12- The panel unit 1 is distorted, with
I'ts back surface curved to forma concave, by the heat applied when joining
the top and bottom glass substrates la and Ib together. In this enbodi ment,
there is a displacenent of about 2 mm between the periphery and the |argest.
curved portion of the panel unit 1. In Hi@-1 as well as the figures

herei nafter given, the curved condition of the panel unit 1 is exaggerated

for clarity. bgtee,eaﬁa'tthgi DErAGHey ahd RER AbrYedtl UG igoTtaldmy 1S

joined to the panel unit “back surface 11 via an adhesive l'ayer 50 applied
to a thicknesgaghedbabud 4 iR ithahd addhofert idve jmimidiggudlace of the

heat sinking unit 2 is bonded to the panel unit back surface 11 with the

adhesi ve for gigg1kle appaesitve .| aytier®) aldcoecur cases 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



conponent thernosetting silicone adhesive having excel | ent rubber
elasticity (for exanple, FE-61 manufactured by Shin-Etsu Chenical Co.,
Ltd.) is used as the adhesive. FIG 2 is an enlarged cross-sectional view
showi ng the heat sinking unit 2 of the first enbodinent. As shown in FIG
2, the heat sinking unit 2 conprises fin blocks 21 and thin-wall portions
22 between the fin blocks 21. Each of t M8 n bl ocks 21 includes a large
nunber of integrally forned fins 211 extruding outwardly or backwardly.
The fin bl ockanétianheteathoskaphdwhninhhFIGer B areadegignetedy bygthedes of
about 100 nm and are arranged in a checkerboard or matrix pattern over the
entire back samelBefewcheeentievhlsheapdnthedn explanatiomwidlFpot be The
fin blocks 21 are connected with one another by the thin- wal | portions 22
about 2 nn1m¢épeafbd heme.211 of each fin block 21 are forned extending in
a vertical direction
When the fin blocks 210 are arranged as
elongated blocks extending in vertical direction (in the
vertical direction of the plasma display panel 100) as
shown in 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 vertical 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 between the panel 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 silicone 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



.of the panel unit 1. The plurality of fins 211 fornmed on each fin block 21
are spaced apart fromeach other by about 2 mm each fin having a thickness
of about 2 mm and an extrusion | ength of about 25 nm Each thin-wall
portion 22 .connecting between each fin block 21 has a thickness of about 1
mm which is thinner than a fin anchoring portion 212 of each fin bl ock 21.
This structure gives flexibility to the 4d9n-wall portion 22. Thus a
joining portion 221 between the panel unit 1. and the heat sinking unit 2

consi sts of til?%efr?&s?_'i‘x %riﬂ&ﬁo@qdaq&szi%g 1@}@ I titidis Wtldm P @it in@iys 22.

As shown in FI eaCch thin-wall portion 22 of the heat sinking unit 2 is

curved al ong geh@dritakdidd &ddfetHta RARRIcHI}.t back surface 11. As a result,
the entire heat sinking unit 2 is nmounted in such a manner as to follow the

curvature of the panel mpid hagdr swadhng dloushsoml éf fapt i bs f bnbedpdsedeen
each fin anchoring portion 212 of the joining portion 221 and the panel
unit back sudeas®ehl theltpdrdls wat ikadk [dwrfagd Hlaramtihgs edtayer 50.
FIG 3 is a-rear view showing the PDP 100 of the
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, or 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 examples of

high-orientation graphite are given in connection with a



first enmbodinent. As shown in FIG 3, the plurality of fin blocks 21 of the
heat sinking unit 2 are arranged in a -14- checkerboard or matrix
pattern on the back surface 11 of the panel unit 1. The panel unit 1 is-
rigidly mounted on an alum num frame 10 having an opening in the center.
The heat sinking unit 2 is |located in the opening of the frame 10.
Furthernnre, as shown in FIG 3, electri-@8- circuitry 80 connected to the
flexi-ble circuit boards 81 is nounted on the frane 10. The heat generated

i nsi de the paRerduBibodiflehitngot be dpscatibed aktielre PBRGLOG iis @ ssi pated
fromthe outer surfaces of the panel unit 1. In particular, much of the
heat gener at egokBskeetibaapandlewl shbwings ac eroucttectef mvant Hhep DH 10 t
back surface 11 to the heat sinking unit 2 through the adhesive | ayer 50.
The heat condiicthd Farsheechbadisienti ig provideds wiitdsiap gmaphirheo ftlﬂ@ 6

out si de
and a 5111cone rubber sheet 7.

Instead of 1nterpos1ng the adhesive layer 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,



~air fromthe surfaces of the heat sinking unit 2, especially the surfaces
of the fins 211. Conpared with the prior art PDP using a silicone sheet of
2 mmor greater thickness as an intervening layer, the thickness of the

- adhesive layer 50 is extrenely thin. Therefore, the thermal resistance of

: the adhesive layer 50 is small, so that the heat fromthe panel unit 1 is
quickly transferred to the heat sinking -214+ 2. The heat sinking unit 2 is .
formed froman alum num material having a good heat sinking property, with
the fins 211thecovesiand bireasofstthel ifllexiddle giiss Batisngadieedarfers the PDP
100 of the present enbodi ment has an excellent heat sinking - 15-
structure. Flthard the suscheentli2c ofr dhe panelonalitvilewes ihatndhe di spl ay

- apparat us using the PDP 100 of the first enbodi nment.

flexible pins 8 can 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 pins 8 deform, thereby supporting
the panel unit surface 12 over the entire region thereof.
Since the entire regioﬁ 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 less likely to be subjected_

to a strain leading to breakage or damage.

Once the heat sinking unit 2 has been deformed



In FIG 4, a cabinet 70 of the display apparatus is an al um num box. The
PDP 100 is nounted with its front surface facing outward through an opening
70a in the front of the cabinet 70. The opening 70a is covered by a plate
formed froma 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 conte22+ng the inner faces of the side
portions of the cabinet 70. The arrays of the fins 211 extend in the
vertical dir eofisgcofddritse REEFCH Othe tdusvature tof ethagpanéht wsiBibadk ow by
natural convection. Furthernore, with the ends of the fins 211 contacting

t he rear panaumfadedl Ic,amsiadesSdribmdtalbomrelucthe detdimedretdoenksl from t he
PDP 100-to the cabinet 70 through the fins 211. The heights of the fins 211
and out er edgetaimedry dtheradhesieztforty ofoshn athedive t hayends0of t he
fins 211 extrude outwardly of the extruding ends of the outer edge portions
44. Though ndin o ternative genstiugkion, Hedeferned netate ll;$1e si de

faces, - as well as the top and
securely retained by double-sided adhesive tapes or

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



bottom faces, of the cabinet 70, and the air noves inside and outside the
cabi net through the venting hol es. -16- Further, as shown in FIG 4, a
finned external heat sinking unit 140 is nounted on the back surface of the
cabinet 70 so that the heat fromthe PDP 100 can be transferred through the
fins 211 and dissipated. The finned external heat sinking unit 140 is
nmount ed i ncreasing the heat dissipating-@3a of the cabinet 70, so that
their fins makes rows in the vertical direction of the cabinet 70. Rather
~than mounti ngilha sk pppdretuy.nal heat sinking unit 140, as described
above, the rear panel of the cabinet 70 may be shaped in the formof a net
or grating tQ<mbodasenthe>senting area. Wth this structure al so, the PDP
100 can be cooled efficiently. The display apparatus incorporating the PDP
100 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 the 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 are each formed from an
aluminum member, and are joined together by welding or

gluing as shown in FIG. 8. Narrow, long heat transfer



of the first enbodi nent can therefore be constructed using a small nunber
Qf fans sufficient to cause the novenent of the air surrounding the heat
‘sinking unit 2. Furthernore, if the PDP 100 is nounted in the display
apparatus so that the heat sinking unit 2, especially the fins 211, is
exposed efficiently to the ventilation air flow, the heat sinking
capability of the PDP 100 of the first en®édi ment can be further enhanced,
making it possible to elimnate the need for fans. Depending on the curved
conditi on of gdthsanarenfdrmed®dbdtiedriectlid asorrigystadyspafsete dietige occur

cases where the difference in the direction normal to the face -17-
bet ween t he pmrmplgatedmlate 33y gess Llexihloahesat 3kached do@ufladtmm in
the case of a 40-inch diagonal display apparatus. There al so occur cases
where t he paplatenid2i s Tthe warnugated plate IriscetfachedEa tveshe | n
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 ekample, 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



such cases al so, the plasnma display panel of the present invention can
address the heat sinking problemregardl ess of the size, curvature, and
orientation of the panel unit, as effectively as the above-descri bed

enbodi nent. Since the fin blocks 21 of the first enbodi nent are arranged in
a checkerboard or matrix pattern on the panel unit back surface 11, the
heat sinking unit 2 is defornmed precisely260ll ow ng the curvature of the
panel- unit back surface 11 in horizontal and vertical directions. As a

result, the R &OGied N fEistheRhoth ARAIng T OiYé d88a £ X EEhEEEELHR AL

conduction capability. In the above-nentioned first enbodi nent, the-

plurality of ddgagi df eh& PP ANaSEedif Bc CHRAHSIES36E REghern over the
entire back surface 11 of the panel unit 1; alternatively, each fin block

may be for medbiieretdtersmngtaptii 64 apel Rhset ddS&r Mbed nimi hé endr&l ongated in
a vertical or horizontal direction, and such fin blocks nmay be arranged

over the entienbdihimersti feueidfoér tdvepmhmeédunit 1. An exanpl e of such
arrangenent is shown in FIG 5. FIG 5 is a rear view of the PDP provided
W th <<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.



elongéted fin blocks 210 extending in vertical direction. In FIG 5, the

arts identical in construction and -18- function to those shown in FIG
are designated by the sanme reference nunerals, and their explanation wll

not be repeated here. When the fin blocks 210 are arranged as el ongat ed
bl ocks extending in vertical direction (in the vertical direction of the

pl asma display panel 100) as shown in FI{26-5, the heat sinking unit 2.is
easily defornabl-e along the curvature in the horizontal direction of the.

panel unit back surfaceryed nhddt eiidieingaseit W &f rengi tigiod résodimditt o
fin blocks in vertical and/or horizontal directions, the gap between the

20

~panel unit baek ssWindeR hbanGildke Wia Hinkiiigtagrdl13, ciornisl rfagced to 0

to 0.1 nmm a reduction by a factor of 10 or nore conpared with the few
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



mllimeters in the prior art structure. This elimnates thermal resistance
bet ween the panel unit back surface .11 and the heat sinking unit 2, thus
providing a structure of excellent thermal conduction. In the
above-nentioned first enbodinent, only the adhesive layer 50 is provided
bet ween the panel unit back surface 11 and the heat sinking unit 2.

I nstead, a synthetic resin |ayer or sili€#e grease may be provided for
bondi ng between the panel unit back surface 11 and the heat sinking unit 2
to pronpte thaviert exkerdlentorubtior &lddteni tyAl (tfomatkdangle, tRE-flanel unit

back surface 11 and the heat sinking unit 2 nay be bonded together by
-19- i nt er pomahg fadteaiede yalShainvE tsay ethdeitasde ICd herfitdor) nisy used @w act ed
together directly. If a layer having a cushion effect is interposed between
t he panel unithebatthesinveadoritirgndhehadhmgive 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 effecf. |
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 fhe 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, heaf
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



sinking unit 2, gaps between the hard-to-deformportions (fin blocks 21,
gtc.) of the heat sinking unit 2 and the panel unit 1 can be filled with -
such a |ayer. Mreover, if such a cushion layer is formed, the difference

I n expansi on and contraction resulting fromthe difference in therm
expansi on coefficient between the panel unit 1 and the heat sinking unit 2
can be absorbed. The synthetic resin | aye28<an be constructed, for exanple,
froma silicone rubber sheet having excellent rubber elasticity and having

a small er thiglHeRRndntan 10 1GHRE dmmpitda it (Hied Hrkndfmed Gutera! e,
not to exceed the gap (0.1 mm) between the panel unit back surface 11 and

the heat - si nkiHeg dv@irta1d) tebipdratiire cadedd aiprdssdd j caree dremnise. The
~heat equalizing |layer can be constructed, for. exanple, froma flexible

metal film syRhdAasted texitle Hddtnsifnktioppamitord fisonissipatet ijantat i on
graphite filmhaving flexibility. Preferably, the high-orientation graphite
filmhas graphed aiar ol stheo pllumplddynof Einovie Highdreatheinking
conductivity in the plane direction

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.



than in the thickness direction. Specific exanples of high-orientation
Qraphite are given in connection wth a -20- third enbodi nent to be
described later. FIG 6 is a cross-sectional view show ng a structure when
the PDP 100 of the first enbodinent is provided with a graphite film®6 and
a silicone rubber sheet 7. Instead of interposing the adhesive |ayer 50
bet ween the panel unit 1 and the heat si4#@-sng unit 2, the two units may be
overlaid one on top of the other in directly contacting rel ationship, and
joined together with adfiesisgacdpidmied Hetwdan Othd chanit afiganes wiit he

panel unit back surface 11. Next, a nethod of fabrication for the PDP 100
of the first asdbathenpaineli inilte bdeke sulrdhos 111 roaire bendd Med hd th '
acconpanying drawings. FIG 7A is a schematic cross-sectional view
high-orientation graphite, or a composite 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 embodiment can actively cool the

panel unit 1. In an alternative configuration, the



showi ng a process step before the panel unit 1 and the heat sinking unit 2
are joined together in the fabrication nethod for the PDP 100 of the first
enbodi ment, and FIG 7B is a schematic cross-sectional view showi ng a
process step where the panel unit 1 and the heat sinking unit 2 are joined
together. First, as showm in FIG 7A .-a surface 12 of the panel unit 1 is
supported on a large nunber of flexible y3ms 8. The | arge nunber of
flexible pins 8 are fornmed, each having a projected | ength greater than the

anount of di gH-AMAERNE]IIm & w8 IRCtdBendda thietwerd By Of tRe s Vesh panel
unit 1 relative to the periphery thereof. Further, -21- the overall area

of the flexihirfl RS Felits ¥R dnfdrPe 160 iy the moudes® dr efhe tdetaaded unit
1 so that the flexible pins 8 can securely support the entire surface 12 of
t-he panel unigortion. 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. Among others, a film made by

graphitizing a polymer compound is preferable because it



The flexible pins 8 are formed fromsilicone 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

i n advance with an adhesive 50A. Next, tlg_heat sinking unit 2 is pressed
agai nst the panel unit back.surface 11, as shown in FIG 7B. The pressing

L B g R i

uni ex or

d at the thin-wall portions

22 betueen the fin bl OGfr lond iy EHIECESr i S LOBHERd i
uni

curvature of the panel ack surface 11. At this tine,

the flexible

pins 8 defor Blfcibgi LehY% Sg&&%&{iit%gufslé% R &hd!RHiHi rl e iy adad he entire
or. |

region there nce t

entire region of the panel unit surface 12 is

suppor t ed by pleRgulle@Xat @eRinpodiition %ﬂ?mmiﬁé]q QoOE) linids by X+ he

bonding step is less likely to be subjecte

ray analysis, the average of the meaéured values at 10

points was 12.8 degrees. Fabrication methods,

etc. for

forming the above-mentioned film made of particular

polymer compound are disclosed in detail in USP No..

5091025, Japanese Patent Unexamined Publication No. Hei 3-

75211, etc.

The above particular 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 (PI), polyamides (PA), polyphenylene-

benzoimidazole (PBI), polyphenylene-benzo-bisimidazole

(PPBI), 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).



to a strain | eading to breakage or danmage. Once the heat sinking unit 2 has
been def orned -22- in accordance wth the curvature of the panel unit -
back surface 11, as described above, the defornmed state is retained by the
adhesive force of the adhesive layer 50. In an alternative construction,
the deforned state is securely retained by doubl e-si ded adhesi ve tapes or
cl anpi ng devices provided at the edges ef32the heat sinking unit. After the
above bonding step, a synthetic resin layer 222 is fornmed on top of each
thin-wall portion 22. This reinforces.the thin-wall portions 22 and

i nproves the strength of the PDP 10. A thernosetting resin having excellent
heat resistance is used as the synthetic resin to inprove the strength of

- the PDP 10. It is preferﬁble t hat tHﬁ synt heti-c resin be hardened into a

har dened
NN |
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pol ynerized resin after being defornmed to a suitable shape. Wen a
synthetic resin | ayer and/or a heat equalizing |layer or silicone grease are
formed everywhere between the panel unit 1 and the heat sinking unit 2,
synthetic resin layer and the heat equalizing |ayer or silicone grease are
defornmed sinultaneously with the heat sinking unit 2 by the pressing action
I n the bonding step in such a nmanner as Jd3g-conformto the curvature of the
panel unit back surface 11. The PDP fabricated by the above-described

fabrication process camfe g&igfhnlided AdAiRid e SBr8natic oolfHpiey

“appar at us.

<<Enbodi nent 2>> Néxt, a plasnma display panel according to a

second e”bOdbEﬁQEaQﬁytB&p&é%&ﬁ%bdiB&e%hEOEdMﬂdwﬂﬂ@_formula (2).

T i
~+ R;—C— NH—R,— m—c-)ﬁ- - (2)

Wherein Rg= —@/ . R -@/ |

The polyimides and polyamides used here are not
limited to those having the above structures.
The baking conditions for graphitizing the

polymer compound film are not specifically limited, but it

is'prefe:able 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.

t he



described with acconpanying drawing FIG 8. FIG 8 is an enlarged
cross-sectional view of the plasnma display panel (hereinafter abbreviated
.as PDP) 101 according to the second enbodi ment. The basic construction of
the PDP 101 of the second enbodinent is the sane as that of the foregoing
first embodi ment, the difference being in the construction of the heat
sinking unit. The construction of the heag4sinking unit 3 of the second
enbodi ment will be described bel ow. The heat sinking unit 3 of the second

embodi nent  cQlEXd:S Aaldird S 4HY HARAEIpLEIHNEE Pk tIe1 1Y Ve ure of the
back surface 11 of the panel unit 1, and a |l arge nunber of heat transfer

portions 34. deedsdigst. t rensies mﬁnm%@%@é& oftiee tHi I fdattpd ate 32
and a corrugated thin plate 33. The heat transfer portions 34 are fixed to

the back sur frsigmedr tdemgdund his, stweteddnplad cue o rangedtatle gidd v
spaced-intervals. The flat plate 32 is arranged parallel or nearly parallel
to the flexi dHel desettedB to BOOFG1G&Xi Aftahdmkidig, ttie fbakted | ptadBd2t Hand t he
corrugated plate 33 are each fornmed from an
further transferred to a rolling process as necessary.
The high-orientation graphite product thus
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, en 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
'eonductivity, 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



al um num nmenber, and are joined together by welding or gluing as shown in
FIG 8. Narrow, |ong heat transfer -24- paths H are forned between the
corrugated surface of the corrugated plate 33, the flexible sheet 31, and
the flat plate 32. The corrugated plate 33 is attached so that the venting
direction of the heat transfer paths His parallel to the verti cal
direction of the PDP 101. The flexible sigmt 31 may be constructed, for
exanple, froma high-orientation graphite filmhaving flexibility (for

exanpl e, gr aghiaphiWe! FiIRCHd highdy tthetmal Tdriubtivitian9dls Praag

unit 3 consisting of the flexible sheet 31, flat plates 32, and corrugated
pl ates 33 i sdieleaitivel than e it sAadh didedtidn] by ansilaeraRigl tied

fabricate. Furthernore, since the heat sinking unit 3 of the above

constructi onregaidemenge that daoeallieed temperature rises in the panel
unit be prevented and 1oea1 temﬁerature variations be
minimized.

When using a high-orientation graphite pfoduct
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



as well as the heat transfer paths H.capable of passing air in vertical
directions, the PDP 101 of the second enbodi nent provides excellent heat
conduction capability. Instead of the heat sinking unit 3 shown in FIG 8,
a heat sinking unit having a honeyconb heat transfer structure can be used.
The conponents of this type of heat sinking unit are forned froma netal
such as alum num and are joined together-38~ wel ding or gluing. The heat
sinking unit can also be constructed using high- orientation graphite

rather than agmekdrusSopcaichiced, ear®eindicrysigiaplutientadnitie t her mal
conductivity, a heat sinking unit formed from high-orientation graphite

- 25- contri bgiesdtd.dnlipdipendibulemad hehdhirerdridi tiforexdapesdidr,t y of the
PDP. Specific exanples of high- orientation graphite will be described in
the third enpedividingdrvigihnahiesmadx gomduwextivity 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
equalizing 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



<<Enbodi nent 3>> Next, a plasnma display panel according to the third
enbodi nent of the present invention will be described wi th acconpanyi ng
drawing FIG 9. FIG 9 is a schematic cross-sectional view show ng the

pl asma display panel (hereinafter abbreviated as PDP) 102 of the third
enbodi nent. The basic construction of -the PDP 102 of .the third enbodi nent
shown in FIG 9 is substantially the samsmas that of the foregoing first
and. second enbodi nents, except that a high-orientation graphite filmis

i nterposed bgyReacnhePan Pilitiet et HAL  IHeKiFN tikid o 10Mbdthat the

construction of the heat sinking unit is different. The heat sinking unit 4

for the PDP 3Q2ief atrfengeld & i adighiiatC (BYOrIIhg? girtfidn bcftdd ns 42
formed on an al um num plate having substantially a recessed cross section,

as shown in WiGhi% thee spladieabetyeein fthes phhelr airfidy MeGn@n thee Heark surfa_ce
41 of the heat sinking unit 4. A front surface 43 of the heat sinking unit
4 is joined sdnkiegpamdlt dniand aontantiiage over Bhasunflasederiftdc aheof t he
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

that venting holes for effectively passing the air inside

and outside the cabinet be formed everywhere in the top



outer edge portions 44 of the heat sinking unit 4 are joined to the cabinet
of a display apparatus. -26- The heat sinking unit 4 of the third

enbodi ment is a finned heat sink with fins integrally formed from al um num
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 11. In the PDP 102 of the third eydodi nent, therefore, a heat
equal i zi ng | ayer having high heat conductivity is fornmed to fill the space

between the paElhottidn Fadess W ase bhiandd he Dopinddd gl HoatVbre.
specifically, a high- orientation flexible graphite film®6 having a

t hi ckness of inkifg hiftomERd Y atginite ,C Wortakdngie ! vh P IbddKk t back
surface 11 to cover the entire region of the back surface 11 except the
out _elri gg%g p@urface derirf ddbinginr tio prdviale s Viermsgulon i sigr fgeras) , and
a > 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;



sheet 7 of 2 mmthickness is forned on top of the graphite filmé6. The
high-orientation graphite film6 has high thermal conductivity and acts to
even out |ocal tenperature differences. The heat sinking unit 4 of the
third enbodi ment is bonded to the panel unit 1 by an adhesive | ayer 51
formed along the outer edges of the panel unit back surface 11. The
graphite film6 has a specific gravity i482-he range of 0.5 to 1.5. The
sil-icone sheet 7 is deforned conformng to the shape of the space between

the panel uniphcbagkagidr bacentl fang e aindiivkivhe wirtidalA dliectdgronent
thernosetting silicone adhesive = -27- having excellent rubber elasticity

(for exanpl eofFeHl pIpNUD2Gt ¥Ha¢ RtrYdturd Radiatatrls Elow Myl Natiwraised
as the adhesive form ng the adhesive layer 51. Furthernore, if the
hi gh- or i ent aidopireditdiom.t e : '

Furthermofe, 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 also, the

PDP 102 can be cooled efficiently.



filmis also formed between the back surface of the silicone sheet 7 and
the front surface 43 of the heat sinking unit 4, tenperature variations
anong 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 PDP 102 of the third enbodi ment is
di ssi pated outside fromthe surfaces of -40s- panel unit 1. In particular

much of the

heat generated inside the panel unit 1 is conducted fromth

e

panel unit back surfacenbl ditdrifaihedatsididkihgNidi¢ 140 cgheHdanpwphi te
film6 and silicone sheet 7 or through the adhesive |ayer 51. The heat

conduct ed t ogkkerigald Folithy edibodithent @isesi pa @l uminunt Hd noieids ihdatai r

fromthe surfaces of the heat sinking unit 4,

especially the surfaces of

the fins 42. glinktheuthiind ieraddonpossiblecdd lusegrapleate sfinkm 6 is fornmed

.on the panel

unit back surface 11, heat locally generated in the panel

1 i s quicklyconsisfttdngedf = lpatier aif dhiectfilats pdladeg mtidhplaartdimo rai se

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

unit



the . tenperature of nonactivated portions of the panel unit 1. Accordingly,
i.n the panel unit 1 of the third -28- enbodi nent, localized tenperature
rises are evened out and the overall tenperature rise is suppressed. The

- heat conducted to the heat sinking unit 4 is dissipated into the air from
~the plurality of fins 42. The heat sinking unit 4 is forned from an

al um num mat eri al having a good heat sinking property, with the fins 42
i-ncreasing the substantial heat dissipating area. Thus the PDP 102 of the

third enbodi nepym Rase IDEXE |1 e fAT8- 1 H I N S41PE0ELH ButdiddecHitugh

enbodinentz a finned heat sink made of alumnumis used as the heat sinking
unit, but ingwrad Poddiblld Pith hax i Whly tndSedtaS) e prowisde a heat

sinking unit constructed frompairs of thin parallel flat plates joined

toget her by saibercBMEand Hjust @roigli &b cause the movement of 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 |



pl ate between them It is also possible to use a heat sinking unit having a
honeyconmb structure joined to a thin flat plate. The conponents of these
heat sinking units are formed froma netal such as alum num and are joi ned
t oget her by wel ding or gluing. The heat sinking unit can al so be
constructed using high-orientation graphite rather than a nmetal. The
silicone sheet 7 has good thermal conducig24 ty, but instead of the silicone
sheet, other synthetic resin sheets having good thermal conductivity, for

exanple, a syniheliaG e RoRSRraiction AsUmsed 3N the ekl unit?df Bhe
space fornmed between the heat sinking unit 4 and the panel unit back

surface 11 cahdid Dd oot PP alir A0 eRllali @lagnapidisplay prmedpesite
structure containing. high-orientation graphite, or a multilayered -
- other ordinary plasma display panel, 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



structure consisting of a high-orientation graphite filmand a synthetic
resin | ayer or silicone grease. Wen using high-orientation graphite to
fill the space, either the graphite is formed into a bul k body having the
. sanme shape as the shape of the space, or a plurality of high-orientation
graphite filns are stacked one on top of another. In the third enbodi nent,
a Peltier element 60 as a heat absorber 4dg43+4munted on the back surface of
the graphite film&®6, as shown by a dashed line in FIG 9. It is desirable

that an el ecldniargdd Wred Vorftad¥itg aH!HiGN! iThe Hid € ghaingbsor bs
heat be connected to the Peltier elenent 60 at the side bonded to the

graphite fil pdrtildhd Rire casandd® siRRA tepatlefrdm tdcPad ey o eyt 60
is thermally contacted with the heat sinking unit. 4. During the operation
of the PDP 1QG2inden sdetilel,t ifor exammplie,6thorsizsretalilaedrsd warticalsor b
heat, the heat in the panel unit 1 is absorbed fromthe entire region of
t he panel uniiin lacdheskeidoartl gattterinhe viegtttiicerl gt eirerd  galurtdirictygloft he
graphite film®6. In this way, the '

: 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 honeyéomb
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



PDP 102 of the third enbodi nent can actively cool the panel unit 1. In an
alternative configuration, the -30- graphite film6 my be extended
outwardly of the PDP 102 and the Peltier elenment 60 nay be nounted on the
ext ended portion. However, when the size of the PDP is large, it is
preferable that the Peltier el enent 60 be nounted near the center of the
back surface of the panel unit so that thgaheat fromthe panel unit 1 can
be quickly transferred to the Peltier el ement 60, which enhances the

ef f ect’i venes sidesdd S £ SEHd Dl LWATIRE! HNE Sdp e BledMOtHE AN dnde | N
the case of a construction where a nultitayered structure consisting of the

_hi gh-ori ent atdr e Hud® didiirfy aith 6 iE htddcd® Stompdesd wsthisegeto fill

t he space between the panel unit 1 and the heat sinking unit 4, the

adhesi ve | aygridr uaet striditurfe r sthushestiueiig 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



may be formed thin (for exanple, to a thickness of about 0.1 mm) for
hondi ng them together. The high-orientation graphite used in the third
enbodi ment shoul d be high-crystalline graphite with graphite crystals
oriented substantially in one direction, especially graphite whose rocking
characteristic is 20 deg. or lower. Exanples include a filmforned by
depositing | ayers of carbon atons one on-4®p of another by CVD using a
hydr ocar bon- based gas, and then annealing the resulting structure, and a

filmmade by HARYAT gL ARRT t i 6H 81 P YR EWP VR £ AW &L hers, a
fil mmade by graphitizing a polymer conpound is preferable because it

-31- provi deg9bdditidBo Wl uddy id des MR A d0ekddly LB raed efdstic of
the high- orientation graphite used in the third enbodlnent was neasured at
peak positi orfhdHordimp Pdrridi¥ Bnd itiein-alt 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



<

ray anal ysis, the average of the neasured values at 10 points was 12.8
degrees. Fabrication nethods, etc. for form ng the above-nentioned film
made of particular polymer conpound are disclosed in detail in USP No.
5091025, Japanese Patent Unexam ned Publication No. Hei 3- 75211, etc. The
above particul ar pol yner conpound nay be selected fromthe group consisting
of pol yoxadi azol es (POD), pol ybenzot hi azaig- (PBT), pol ybenzo-bis-thiazole
(PBBT), pol ybenzooxazol e (PBO), pol ybenzo-bi s-oxazole (PBBO, polyimdes

(P1), pol yamudang BAs1dMalnuehehdetile- meriaididkys) e Bldat
pol yphenyl ene- benzo- bi si m dazole (PPBI), polythiazole (PT), and
pol ypar aphenyiead pativie portiidns ablee fided it shdinduiface of the

pol ypar aphenyl ene- 1, 3, 4- oxadi azol e, and their isomers. The polyi m des

i ncl ude an arfdeatibdepahget dange il lthe dlleasidiieethaet hiss flgablien® £

formi a (l)lbeing 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



-32- [err] Wherein Rl= [err] CH3 CF3 [err] -33- The
pol yam des include an aromatic pol yam de generally represented by the
following formula (2). [err] Wierein Rerr]= , Rerr]

[err] The polyi m des and pol yam des used here are not limted to those
havi ng the above structures. The baking conditions for graphitizing the

pol ymer conpound film are not specificallgzlimted, but it is preferable to
bake it at tenperatures above 2000[err]C, and ' :

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.



preferably at tenperatures around 3000[err]C, in which case graphite with
excel l ent high orientation can be obtained. The baking is usually perfornmed
in an inert gas. During the baking, the process atnosphere is held in a
pressurized condition; to mnimze the effect of the gas generated during
the process of graphitizing, the filmthickness of the polyner conpound is
preferably 5 pmor greater. Wen baked at48-enperatures bel ow 2000[err]C
the resulting graphite tends to becone hard and brittle. -34- After
baki ng, the baked produrtie regdhdsivelussl ass neltesietnid . of nadhes Pv@pthat zi ng
‘process, the filmof the polynmer conmpound is, for exanple, cut to a
sui t abl e si z&asndulvbeire e lastIAICYC.and ttdrathale nggpdbdiee ek dsbrpiodpict i s
“further transferred to a rolling process as necessary. The high-orientation
graphi te prodegethers theodedredirdys Formimgnythe hdateesindting wnilt &red a
sheet, _

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. As a
result, the heat conduction from the panel unit to the
heat sinking unit is greatly improved compared with 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



or afilm A'so, it may have flexibility or may be a hard product having no
flexibility. For exanple, an inflexible high-orientation graphite product
obt ai ned by baking an aronatic polyin de has a specific gravity of 2.25
(conpared with 2.67 of alumnum), thermal conductivity in AB plane
direction of 860 kcal/nferr]h*[err]C (2.5 tinmes that of copper, 4.5 tines
that of alumnum, electrical conductivi4494n AB plane direction of 250,000
S/cm and elasticity in AB plane direction of 84,300 kgf/m®2. A flexible

hi gh-ori ent ag0n GLARMNE PHAUH dHerd buiey fderdrmd aldy SHe 1. 5)
smal ler than That of its inflexible counte?%%rt, but retaﬁ%g about the sane

thermal condyghivdtiube ¥ the HaRkeltirEddeior ratk fpanals airaise & hardilexi bl e
sheet and/or the heat equalizing |ayer for the heat sinking unit of the

present i nveridigiFordiients iptevindls aheeivairall grtamndth faf thee RDR eri al of
the flexible sheet and/or the heat equalizing |ayer for the heat sinking
unit, it is Frehneduppimtat the graphite crystals be oriented so that the

hi gh-ori entation - _
The panel unit is electrically 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



-35- graphite filmhas higher thermal conductivity in its plane direction
than in its width direction, by considering the requirenent that |ocalized
Tenperature rises in the panel unit be prevented and | ocal tenperature
variations be mnimzed. Wen using a hi gh-ori entation graphite product of
- filmform the filmthickness of the polymer conpound used-as the materi al
Is preferably within the range of 5 to 4894om and nore preferably within

. the range of 5 to 200 pm when good flexibility is considered. |If the film

thickness of ghbReABLEN kAkini $t2ipat ehst BABwROAnPMIG.half,i henisttrubiaate t o
pi eces and reduce to powder because of the gas generated fromwthin the

filmduring theinieeess ahobeal flbgabFeithe 2ueh paspiogudhroughy thesel f
unfit for use as a good material. However, powdered graphite can be forned
into a usabl eijggaphite sheet if it is prepared as a conposite -

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



material, for exanple, with a fluororesin such as a pol ytetrafl uoroethyl ene
generally known as Teflon. It is also possible to pul verize the high-
orientation.graphite product into scales and use it as a conposite materi al
with a polynmer resin such as a fluororesin. In such conposite materials,
the ratio (weight ratio) between the graphite and polyner resin wll be
“suitable if it lies within the range of 5641 to 2:1 (graphite to pol yner
resin). Wien this conposite materi al -36- is extrusion-nolded, carbon

crystals ori entg it h&nbdastd TaRes RERMBEN G dnddoy i eghdp of

extrusion, providing high thermal conductivity along that perpendicul ar
direction. Vighr¢isddl giieid QipwrPN IR hdLt f&nePRgtusct i oo of the

heat sinking unit 4 of the third enbodinent, the heat sinking unit can be

easily fornegvdrlaid 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



a desired shape by using, for exanple, the above-described conposite
material. Wen filling the space between the panel unit 1 and the heat
sinking unit 4 with the high-orientation graphite, a structure consisting
of a plurality.of flexible high-orientation graphite filnms stacked atop one
anot her 'i s sandwi ched between the panel  unit 1 .and the heat sinking unit 4.
Further, for the flexible sheet and the heat equalizing layer in the heat
sinking unit 4, it is possible to use a sandw ch structure

(high-orient ﬁ%ﬁé’%éﬁl@@ﬂffﬁcﬁé | 4% " dBla gL PR i€, sheet/ high-orientation

graphite fil consi sting of a normal” graphite sheet (or carbon sheet)

sandw ched between a paiitRbudth Ithe Op té@éﬁ%'QﬁvgﬁEEBhtﬁaé'bEEn In the third
enbodi ment, since the high- orlentatlon graphite film®6 and/ or the heat

si nking unit desErivderirnl terms v ciiesl ;saﬁeéé}etﬁelﬁr@feﬂ@dr%mwﬁmé:h@spanel
unit 1 can be actively cooled by the cooling
: 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 to which the present invention
pertains, after having read the above disclosure. _
Accordingly, it is intended that the appended claims be

interpreted as covering all alterations and modifications

as fall within the true spirit and scope of the invention.



-37- function of the Peltier-elenment 60. The Pel tier elenent 60 is arranged
wth its heat absorblnﬁ portion |ocated within the space between the panel

unit 1 and Imﬂm ll unit 4 and contacting over a surface with the
hi gh-ori ent

I mor the heat sinking unit. In this case, the
heat rel easihg portlon of the Peltier elenent 60 is contacted in a heat
conducti bl e manner with a nmenber that di-gg-pates heat outside, such as the
heat sinking unit 4. The current applied to the Peltier elenent 60 is in

t he d'reCt'OELKFFB absorbs heat. The above-descri bed PDP 102, with drive
circuitry installed init, is housed in the cabinet, to complete the

construction of the digpl wpamaam%plmya%@pr&ﬁnwiﬁﬁgte pr esent
i nvention. For the material, shape, and structure of the cabinet of the

di spl ay apparatus, the asqsahegonﬁﬁrweiﬁ @ cAfrvditpaie 1l kea Bhde of t he
di spl ay apparatus using the
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



prior art PDP can be enployed. For the material formng the cabinet, a

met al hﬁ'ﬂlﬂnemlu’ml;’“ sinking property is preferred; for exanple, -

al um nu , ﬂml terial. It is desirable to construct the cabinet
usi ng the alSové-descti bed high-orientation graphite since it has excellent
thermal conductivity. As for the shape of the cabinet, it is desirable that

venting holes for effectively passing th&4air inside and outside the
cabi net be forned everywhere in the top -38- and bottom faces of the

cabi net. A fippe¢ exhar sakdhedkxiblki fBiving BN U hdddalennp e,
on the back surface of the cabinet, to provide an irregular surface for

i ncreased heghelicagivRat bagkakadfadbenrMeaild pardle unditer nal heat sinking
unit, it is preferable that the heat sinking unit nounted on the back

surface of the panel unmi.t Abelemmedispldyt pdriel cdrowding o hekdim 1,
conducti bl e .
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



manner. The ext e“mmﬂﬁ"mummﬂ unlt can enpl oy the sane material and
construction as r the external heat sinking unit of the
prior art PDP in the dlsplay Sappar at us. <<Enbodi nent 4>> A displ ay
apparatus according to a fourth enbodi nent of the present invention will be
described below with reference to drawing. FIG 10 is a schematic

cross-sectional view showi.ng the displaysgpparatus of the fourth
enbodi ment. The di splay apparatus of the fourth enbodi ment shown in FIG 10

uses the PDPPQHélofcbﬂﬁrigiﬁgohﬂg Eebpd gehodi nent. A cabinet 70 of the
di splay apparatus-is an al uninum box. The PDP 102 is nounted with its front

surface facing outwar d gyppd+dingy a0pRMald unid 8y fd drgyd dunberakifet 70.
The heat sinking unit 4 i's nmounted with the outside faégi of its outer edge

98”'0“8 44 QQakiﬁlenglhbeframelthéaeeanef sult€asied @ ider tthereodf, shddcabi net
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 electrical circuit for driving said plasma

display panel; and



/
-39 The arrays of

th extend in the vertical direction of the PDP

102; this strru“ ml s: flow by natural convection. Furthernore,
Wi th the ends scontacting the rear panel of the cabinet 70,
heat conducti on paths are forned fromthe 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 436 fins 42 extrude outwardly of
the extruding ends of the outer edge portions 44. Though not shown in the
figure, venting holes af edmimed for tdccineidaioes, tiesre |said tpladmp and
bottom faces, of the cabinet 70, and the air noves inside and outside the
cabi net throagepllag yemelngndolsedd Adesftniicaln dilr@Guill, a finned external
heat sinking unit 140 is nmounted on the back surface of the cabinet 70 so
that the heat from the 1ADP A (Wisplayh@apparatus comprising:

a plasma display panel having 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;

an electrical circuit for driving said plasma
display panel; and

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

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 héat conductible manner.

14. A display apparatus according to claim 10 or

11, wherein said heat sinking unit is thermally connected

with a Peltier element.



conducted and di ssipated through the fins 42. The finned external heat
sinking unit 140 is nounted extendlng in the vertical direcpon t he
cabi net 70, increasing the heat dissipating area of the cab] fHIS SHEEﬁ%
t han nmounting the finned external heat sinking unit 140, as descpr-p
above, the rear panel of the cabinet 70 nmay be shaped in the % -
to increase the venting area. Wth this-staucture al so, the PDP 102 can be
cooled efficiently. -40- The external heat sinking unit 140 in the
above- descrppagrhes’ b efgRoprgeRbsures an al um num finned heat sink, but
it is also possible to use a heat sink consisting of a pair of thin f1 at
plates with a thin cormiate-ddst head)@igdigrh tikinveRron kepiddma so- cal | ed
corrugated structure), or a heat sink constructed with a honeyconb
structure. Thespealy pankil)gauhehbtceinkingt @it 2 bonded to a curved

back surface 11 of a panei unit includes a large number of
fin blocks 21 arranged spaced apart from each other by a
prescribed distance and a flexible_thin—wall portion 22,
and a joining section 221, which copsists of fin anchoring
portions 212 and thin-wall portions 22, is capable of
being bent between the fin blocks 21, thus allowing the
heat sinking unit 2 to conform to the curvature of the
panei unit back surface 11. When using é heat sihking
unit not structured to conform to the curvature of the
panel unit back surface 11, a high-orientation graphite
film as a heat equalizing layef is interposed between the

panel unit back surface and the heat sinking unit.

-
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with corrugated plates and flat plates is sinple in construc
to work and fabricate, and has excellent heat sinking capabi
can.provi de enl arged surface area while securing good heat t

tion and easy
I
;

Rat her than mounting the external
enbodi nent, the rear panel

heat sinking unit 140 of tW

of the cabinet 70 may be shaped in

;t_ﬁ&ce I t |
TRIS SHEET HAS BEe
—Lngfgshﬁ@EDa. "

|

net to-increase the venting area. Wth this structure al so
be cool ed efficiently. The heat generated during the operati
102 is conducted to the heat sinking unit 4 and dissipated

fromthe fins 42, is conducted fromthe fins 42 and outer ed

, . the PDP 102 can
.on of the PDP

nto the air
ge portions 44

to the cabinet 70 and dissipated into the air fromthe surfaces of the

cabinet 70, and is conducted fromthe cabinet 70 to the external
sinking unit 140 and dissipated into the air fromthe surfaces thereof.

heat

I
this way, in the display apparatus with the PDP 102 assenbl ed in'it,'sincg
t he heat F:I CB. ]_
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<41- fromthe PDP 102 is efficiently dissipated outside through every _
possible path, it is only necessary to provide a nunber of fans just enough
to cause the novenent of air around the heat sinking unit 4, and the nunber
of fans can thus be mnimzed. If venting holes are forned t@at

70 so that the outside air can be efficiently introduced t T?ﬁggﬂgggﬁAgikEN“
sinking unit 4, especially the fins 42, that facilitates t A E QEQﬁ
air between the area surrounding the heat sinking unit 4 and the outside o
t he cabinet 70, further pronoting heat dissipatioon. This structure allows a
further reduction in the nunber of fans, and it is even possible to
elimnate the need for fans. Wien the Peltier elenment 60 is nounted on the
hi gh-orientation graphite film®6, as in the construction of the third
enbodi ment, the display apparatus can provide : '

FI1G. 2

This Sheet Has Been Replaced




hi gh heat sinking capability w thout.having to install the external heat
sinking unit 140 and/or fans. The fourth enbodi nent has beep—described as - .
using the PDP of the third enbodi ment, but the display appa aHMSSH@ETqyﬁygEEN
be constructed by housing the PDP of the first or second e _OdInEREPLNEED e
cabinet 70. In the present invention, the material .and cons
PDP di ffer depending on the type and required perfornance of the PDP. For
exanpl e, the sane- © -42- material and construction as used for the panel
unit of a known DC col or PDP, an AC col or plasma displ.ay panel, or other
ordinary plasnma display panel, can be enployed. The heat sinking unit
joined to the back surface of the panel unit is nmounted preferably in such
a manner as to cover the entire back surface of the panel unit or
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substantially the entire region of the back surface of the panel unit

excl udi ng the edge portions thereof, or at the top and center portions of
fhe back surface of the panel unit. Wth this arrangenment __the heat S|nk|ng
uni t exhi bits excell ent heat sinking performance. For the}¢ ﬁ RE5 Jagre
the heat sinking unit, it is preferable to use a materialjt at 0 Bdh@y
heat better than the nmaterial (for exanple, glass) of th hA has
good heat sinking property, and is easy to work, or a netal that has good
bondi ng capability with adhesive; for exanple, alumnumis a desirable
material. For the material of the joining portion, high-orientation
graphite is preferred bﬁp3#§f its .excellent heat conductivity, but it is
al so possible to use a ho ph|te sheet or carbon sheet when the-
amount of heat generation is nnderate The heat sinking unit of the present

i nvention consists of heat dissipating portions and a joining section. The
heat dissipating portions includes portions that have the function of

di ssi pating heat by prOV' di ng 70 50 44
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-45--enfarged area contacting the air. The heat dissipating portions are
arranged spaced apart from each other on the joining section, for exanple,
hori zontally and vertically in a checkerboard pattern, vertically in a

plurality of arrays, or horizontally in a plurality of. a”aysETlWSeél-ﬁﬁblLIKS BEEN.

each heat dissipating portion has a shape capable of efficien

di ssi pating panel

flow of air contacting it.

heat into the surrounding air,
i rregul.ar shape as to increase the heat dissipating area and facilitate the

Y, BEPLAGED

and is forng

The heat dissipating portion i's constructed, for

exanple, fromthin plaees or the like havin@a cros®dsection of protruding

" shape, {inverted V shaf® - or corrugated shape, or

fa hopkyco
des 1hese,_ [regWar 3

over such thin pl
pi n-1i ke protrusi
. may

'n%_B
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Str

a ghin flat plate placed
or a structure having
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uctlur es of various shapes
.

-

‘914

oo
-

18
Ne

18 18

g
|8

)
|8

|
|
|
1
|
|
|
|
|
|
|
i
|
|
|
|
|
|
)
|
]
i
1
I
!
1
I
[
]
|
l
|
l
1
|
I

N 1
- 1
o |
) |
- |
' ool |!
— ] '
|
‘I
1
3
rd
o =

This Sheet Has Been Re’placed

|

o]o]t




\\—"‘ﬁ\. -

be provided to increase heat dissipation. Heat sinking shapes and -
structures as used for various nmachi nes or other apparatus can be applied
for the construction of these irregular structures. The joining section
according to the present invention has a flexible structure between heat

di ssipating portions. This flexible structure allows the joining section to
conformto the curvature of the back surface of the panel unit. Since the
joining section can thus be forned conforming to the curvature ofpLl
-44- surface of the panel unit, the gap between the panel unit a
sinking unit is reduced conpared with the. prior art structure,
reduci ng the thermal resistance between the panel unit and the
unit and inprovi ng heat conduction. The joining section joins a |large

nunber of heat dissipating po?guoas inef heat
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conducti bl e manner. As a result, all the heat dissipating portions can be
handl ed as a single unit, and heat transferred locally to the joining
section is spread in directions parallel ‘to the plane and erred to
many heat dissipating portions. Preferably, the joining sqaHISSHEET YAT B ”
to the present invention is curved or bent between heat difssipagg gmﬁg
portions in such a manner as to follow the curvature of tre—traek-sbiabace off
t he panel unit. The anchoring portions of the joining section to which the
heat dissipatinnggrgsons 2&e rigidly joined do not have flexibility;
therefore, the fdc ‘e anchoring portion joined to the back surface of
the panel unit may be formed in advance in a convex or concave shape to
conformto the curved shape of the back surface ‘of the panel unit. The heat
sinking unit accordi fQQto the present inven?i n can besconstructedusing a
structure conprising ~n bl ocks each havingat | east fin and a¢
thin-wall portion, connegimmp t b ind b o ke A nite AdnnfRne hdabe Aanner

2dse (IR i ‘||}1]' e

\ 3 g

and having a thic& i mil . il iNi“lH
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-45- anchoring portion. In this structure, 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 portiqn
has a flexible structure. The fins provide a sufficient &g Qhagfmﬂggmfml
area and. is effective in causing a snooth air stream Arﬁdh%%ﬁ’}ﬁggﬁgfins :
in multiple arrays along the vertical direction of the panel e g
usual operating position ensures efficient air streamand 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

bl ocks are formed integral with the thin-wall portion fromthe material of
the heat sinking unit by a cutting process, nold extrusion process, casting
- process, or other formng process. Alternatively, the

FI1G. 8
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heat sinking .unit may be fabricated by first making a | arge nunber of fin
bl ocks separately froma flexible sheet with the sane thickness as the
flexible thin-wall portion and a shape capabl e of being bonded to the back
surface of the panel unit, and then arranging the fin bl peks~spaced.apart
at prescribed intervals on the flexible sheet and j oi.ni ngTHISBHEBD HASBEENY]
gluing, welding, or other suitable nmeans. The joining se¢tion REPLABEDheat
sinking unit according to the present invention can be coOmstTUTCted A=
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
sheet is capabl e of bgipg, bent.at portions between the anchoring portions:
of the heat dissipatiﬁ%?ﬁefti s. The flexible sheet is, for exanple, in
the formof.- a sheet, a film or a thin plate.
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The flexible sheet may be forned to have a flexible structure only between
the anchoring portions of the heat dissipating portions, or may be forned
fo have a flexible structure throughout the sheet, i ncl udi ng portions
thereof to be bonded to the anchoring portions of the heat d Sﬁ1§
portions. The above flexible sheet nmay be fornmed integral %HAS BEEN
di ssipating portions fromthe material of the heat S|nk|ng u
cutting process, nold extrusion process, casting process, or other formng
process. Alternativew¥ yégg fifﬁeble sheet and the parts of the heat

‘di ssi pating portions n& d separately, fromthe material of the

heat sinking unit, and then joined together by gluing, welding, or other

sui tabl e method. Al so, the portion of the joining section that connects the
heat dissipating portions in a heat conductibl-e manner may be constructed
froma heat conductible coupling r joint). This coupling constitutes the
flexible portion of the joining s an. It is, however, preferable to use

the thin-wall portion or 10_\\' ) 44
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-47 part of the flexible sheet as the flexible portion of the jOInIng
section, as described above, since the construction is sinpl g—ane
manuf acture. The panel unit and the heat sinking unit accordi
~present invention may be joined together with a heat equal i ziling | af
i nt er posed between them The heat equalizing layer is fornmed from a
mat eéri al havi ng hi gher thern&l conductivity than the base material (for
exanpl e, gl ass)  of the nel unit and capable ofgdeforning follow ng the
curvature of the back stmface of the panel unlthaexanples include a film a

sheet, or a thin plate foxng fro Aﬁ -orlentatlon graphite, or
; = od— el v 3

Vity.]As a netal, for
ab1 e rra‘e"r_‘l'm’T“Fo_r ‘t‘he mater| al of the heat
i entation ‘graphite havilgg= pher heat
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exanpl e, copper
equal i zi ng | ayer,
conductivity than

=

L o o e i

Sheet Has Been Re; lac,ed

T ln




the material of the heat sinking unit is preferred because of

Ifeat conductivity. The panel unit and the heat sinking unit acger ,
the present invention are joined together by adhesive or silicpidi$BHEEEHAS B
or only the edge portions of the back surface.of the panel. uni
to the joining section of the heat sinking unit by adhesive or
unit and the heat sinking unit-are joined together
cl anpi ng devi ces which clanp them from outside.
Is the kind of adhesive that has rubber elasticity and that

tape, o

r the panel

its excellent

dina . to .. .
~ )

¥

EEN
are REPOAGED

'using
-48- The adhesi ve used
i s capabl e of

bondi ng together the materials formng the heat sinking unit and the panel

unit. T
t her mal
unit, a

he rubber el as
expansi on co
nd

f Gt 12LP PSP RCE R

the difference in
ng - unit and the panel
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Tlogps-7

ensur es :t he bonding of the two menbers in good heat conducting co

The adhesi ve havi ng rubber elasticity includes, for exanple, a lftlg
si |l i cone-based adhesive. Among others, a silicone-based adhesive of
thernosetting type is easy to use and provi des good adhesi on. When t he heat
~sinking unit is nounted fol lowing the ciPVature of the back surface of the
panel unit, the undérside of the heat sinking unit may not cone into

i nt i m;te cont; : smwﬂmﬁ fuErHOD oherpBwetATING, TARSAMBAPARBY be
caused. Even if t SABP S\ USING SPHE NPLASMA CBLSPLAT ‘ease,
or the like, sim Y. o]} structure, their TnicKNEss can. be
made very t hiftP &ﬁeo&t\?ﬁﬁe‘?%é‘p‘ﬁ‘%{é art structure. As a result, the heat
conduction fromthe pangl unit to the heat sinkjng unpit is eatly inproved
compared i th the ortortartRetehte eat 1hkeF1asHta Bobr BrB38%hRE | orning
" section which,c t ; eat. di ssi.natd Il pns_ h uced
Strength but T ey B e Dot o T NRAE 2 WoReEs ! £5% Nasrv el

.back surface 11 of a panel unit includes a large number_of

fin blocks 21 arranged spaced apart from each other by a
prescribed distance and a flexible thin-wall portion 22,
and a joining section 221, which consists of fin anchoring
portions 212 and thin~wall portions 22, is capable of
~being bent between the fin plocks 21, thus allowing the_
heat sinking unit 2 to conférm to the curvature of the
panel unit back surface 1l1. When using a heat sinking
unit not structured to conform to the curvature of the
panel unit béck surface 11, a high—orientation graphite
film as a heat equalizing layef is interposed between the

panel unit back sﬁrface and the heat sinking unit.

Figure 1
REPLACEMENT SHEETS  SG
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-49- by a synthetic resin after being deforned along the curvature of the
back surface of the panel unit. This reinforcenent prevents the overal
strength of the PDP from dropping. The panel unit is electrically 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
panel at portions where it is connected—+o0 the flexible circuit boards. The
flexible circuit boards as connecting nmeans are therefore arranged in such
a manner as to surround the periphery of the heat sinking unit. In this
construction, to ensure snooth flow of the air contacting the heat sinking
unit, the flexible circuit boards are partially extended in the formof a
plurality of tape-like circuit boards fromthe four sides of the panel

unit, and these tape-like flexible

FIG. 1
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circuit boards are arranged spaced apart from each other, thereby ensuring
-easy novenent of the air. In this case, the plurality of tape-like flexible
circuit boards are crossed in a raised manner, to increase the area not
covered with the tapes and thereby facilitate snooth flow of the air. FIG
11 shows a rear view of a PDP using the_jhus structured flexible circuit

" boards 82. The PDP shown in FIG 11 is PDP of the first enbodi nent,
with the flexible circuit boards 82 as connecting neans attached to it.
Since the plurality of flexible circuit boards 82 are -50- forned as’

thin strips, as shown in FIG 11, the structure facilitates snooth flow of
the air passing through the fins. The front surface of the panel unit of
the present invention is curved for the same reason as given for t he
curving of the back surface. Accordingly, during

FIG. 2
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the manufacture of the PDP, if the panel unit is supported on a hard flat
surface, a very strong force is applied to a limted portion of the panel
unit, and the panel unit can easily be broken or danaged. To prevent the
breakage or damage of the panel unit, it is recommended that the follow ng -
met hod be enployed. First, the curved panel unit containing a |arge nunber
of discharge cells arranged horizontal I4~—and vertically in a matrix array
is supported by a | arge nunber of flexible pins fromthe front surface
side. The |l arge nunber of flexible pins each have a length greater than the
wi dth of the |argest curved portion and are forned over an area equal to or
| arger than the area corresponding 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 deforned to support the entire front surface

of the panel unit. For exanpl e ~acgubber. sty gt ur e~ s—us t hat has on
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its top surface a | arge nunber 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 thg_back surface of the panel unit.
The pressing action is perforned by appkying a pressure sufficient to cause
the flexible portion to deformor bend followi ng the curvature of the back
surface of the panel unit. At this tinme, since the entire front surface of
the panel unit is supported by the flexible pins, the panel unit is |ess
likely to be subjecteﬂFIf£§ strain | eading to breakage or danmage. Wen

i nt erposi ng a heat equal Rg 4ayer bet ween the panel unit and the heat
sinking unit, the flexible sheet can be overlaid in an appropriate
position, for exanple, directly on the back surface of the panel unit,
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ot the gap-filling synthetic resin or-silicone grease, on the adhesive, or
directly below the heat sinking unit. The flexible sheet is deforned
"following the curvature of the back surface of the panel unit by the
pressing action. lnstead of using the flexible pins, a concave structure
consisting of a | arge nunber of varyings_l ength pins made of hard materi al
may be used to support the panel unit.~En this case, the concave is
designed by predicting the curvature and the direction of curving of

-52- the back surface of the panel unit. Although the present invention has
been described in te of the presently ppeferredqenbodi nents, it is to be
under stood that suchdlisclosure is not toPe interpreted as limting.
Various alterations aRd T | doupt becone apparent to

those skilled i esert— n¥enti on
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~ pertains, after having read the above disclosure. Accordingly, it is

I ntended that the appended clains be interpreted as covering al

alterations and nodifications as fall within the true spirit.-and scope of
conpri sing: a panel

t he inventi on. -53- CLAIMS 1. A plasna display panel

unit of a curved panel -1ike shape contaigning a | arge nunber of discharge

cells arranged horizontally and verticay in a matrix array; and a heat
unit, wherein

sinking unit bonded al ong a curved back surface of said panel
said heat sinking unit includes a |arge nunber of heat dissipating portions

arranged spaced apart fromeach other by a prescribed distance, and a
flexible joining section for connecting said
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panel unit with said heat dissipating portions in a heat conductible
manner. 2. A plasnma display panel according to claim1l, wherein said heat
sinking unit includes fin blocks each having at |east one fin and having a
fin anchoring portion for holding said fin thereon, and a-flexible
thin-wall portion, having a thickness thjnner than said fin anchoring
portion, for connecting together said fi-A bl ocks in a heat conductible

- manner. 3. A plasma di splay panel according to claim1, wherein said

fl exible joinrn%Eﬁf&éion" a flexible sheet, said heat dissipating

portions are fi «sai/d=f | exi bl e -54- sheet, and said flexible
joining section is bonded al ong the curved back surface of said panel unit.
190 22 21 2
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4. A pl asra di splay panel according to claim1, wherein a reinforcing
synthetic resin layer is fornmed on said flexible joining section. 5. A

pl asma di spl ay panel according to claiml1, wherein a high-orientation
flexible graphite filmis interposed between said panel unit and said- heat
sinking unit. 6. A plasma display panel_gonprising: a panel unit of a
curved panel -l1i ke shape containing a | a~ge nunber of discharge cells
arranged horizontally and vertically in a matrix array; a heat sinking unit
| ocated on a back surface of said panel unit and connected thereto in such
a manner as to be capable of conducting heat fromsaid panel unit; and a

hi gh-orientation graphite | ayer interposed between said panel unit and said
heat sinking unit. 7. A plasma display panel according to claim®6, wherein .
said graphite layer is a high-orientation flexible graphite film and said
graphite filmis bonded to the curved back surface of said panel unit.

FI1G. 8
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8. A plasma ‘di splay panel according to claim6, wherein a Peltier elenent
Is thermally connected wth said graphite |ayer.

a plasma displ ay

9. A nmethod of fabricating
-55- panel, conprising the steps of: supporting a panel

unit by a large nunber of flexible pins fromthe front surface side
t hereof, said panel unit having a curvedypanel -1ike shape and containing a
. large nunber of discharge cells arrange

matri x array;

manner as to face a back surface of said panel

orizontally and vertically in a

overlaying a heat sinking unit on said panel
unit,

unit in such a
sai d heat sinking unit

_conprising a |large nunber of heat dissipating portions arranged spaced
apart fromeach other by a prescribed distance and a flexible joining

section for connectipglsgsq pgpel unit with said
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"heat” di ssi‘pating portions in a heat conductible manner; and bondi ng said :
heat sinking unit in such a manner as to conformto the curved shape of the
back surface of said panel unit by pressing said heat sinking unit agai nst
t he back surface of said panel unit. 10. A display apparatus conpri'sing: a
pl asma display panel having a panel upjp-of a curved panel -1ike shape
containing a | arge nunber of discharge—eells arranged horizontally and
vertically in a matrix array, and a heat sinking unit bonded al ong a curved
back surface of said-panel unit; an electrical circuit for driving said

pl asma di spl ay paneFI@d 1056 a cabinet for acconmodating therein said
pl asma di splay panel and®said electrical circuit.
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11. A di spl ay apparatus conprising: a plasma display panel having a panel
unit of a curved panel-1like shape containing a | arge nunber of discharge
~cells arranged horizontally and vertically in a matrix array, a heat
sinking unit |ocated on a back surface of said panel unit and connected
"thereto in such a nanner as to be capqﬁﬁf_of conducting heat from said

panel unit, and a high-orientation gra te layer interposed between said
panel unit and said heat sinking unit; an electrical circuit for driving
said plasma di spl ay el ; and a cabinet for @comopdating therein said
pl asma di spl ay panel d said electrical cir 12. A display apparatus
according to cl g ' ' i S a high-orientation
fl exi bl e graphit Ls,bonded to the curved back
surface of said ccording to claim 10
or 11, wherein s Ith said caqﬁnet in a
heat conducti bl

m e

[and saLd_graphite fLlm

nit. 13. A display appar ‘

t sinking unit is connecﬁed
|




14 A di spl ay apparatus according to claim 10 or 11, wherein sai d heat
sinking unit is therrmally connected with a Peltier elenent. '
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