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(57)  Aplasmadisplay panelis disclosed. The plasma
display panel includes a front substrate, a rear substrate,
and a barrier rib. On the front substrate, a first electrode
and a second electrode are formed in parallel to each
other. On the rear substrate, a third electrode is formed
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to intersect the first electrode and the second electrode.
The barrier rib is formed between the front and the rear
substrate and partitions a discharge cell. At least one of
the first electrode or the second electrode is formed in
the form of a single layer. An exhaust unit is omitted in
the rear substrate.
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Description
BACKGROUND
Field

[0001]
el.

This document relates to a plasma display pan-

Description of the Background Art

[0002] A plasma display panel includes a phosphor
layerinside discharge cells partitioned by barrier ribs and
a plurality of electrodes.

[0003] Adrivingsignalis suppliedto the discharge cells
through the electrodes, thereby generating a discharge
inside the discharge cells.

[0004] When the driving signal generates the dis-
charge inside the discharge cells, a discharge gas filled
in the discharge cells generates vacuum ultraviolet rays,
which thereby cause phosphors formed inside the dis-
charge cells to emit light, thus displaying an image on
the screen of the plasma display panel.

SUMMARY OF THE INVENTION

[0005] Inone aspect, a plasma display panel compris-
es a front substrate on which a first electrode and a sec-
ond electrode are formed in parallel to each other, arear
substrate on which a third electrode is formed to intersect
the first electrode and the second electrode, and a barrier
rib formed between the front and rear substrates and
partitioning a discharge cell, wherein at least one of the
first electrode or the second electrode is formed in the
form of a single layer, and an exhaust unit is omitted in
the rear substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The accompany drawings, which are included
to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention.

[0007] FIGs. 1ato 1d illustrate an example of a struc-
ture of a plasma display panel according to one embod-
iment;

[0008] FIG. 2 illustrates an example of a method of
manufacturing the plasma display panel according toone
embodiment in which an exhaust hole is omitted;
[0009] FIG. 3 illustrates a reason why a first electrode
and a second electrode have a single layer structure in
the structure of the plasma display panel in which an
exhaust unit is omitted,;

[0010] FIG. 4 illustrates an example of a structure in
which a black layer is formed between first and second
electrodes and a front substrate;
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[0011] FIG.5illustrates afirst example associated with
a first electrode and a second electrode in the plasma
display panel according to one embodiment;

[0012] FIGs. 6a to 6¢ illustrate a second example as-
sociated with a first electrode and a second electrode in
the plasma display panel according to one embodiment;
[0013] FIG. 7 illustrates a third example associated
with afirst electrode and a second electrode in the plasma
display panel according to one embodiment;

[0014] FIG. 8 illustrates a fourth example associated
with afirst electrode and a second electrode in the plasma
display panel according to one embodiment;

[0015] FIG.Qillustrates afifth example associated with
a first electrode and a second electrode in the plasma
display panel according to one embodiment;

[0016] FIG. 10 illustrates a sixth example associated
with afirst electrode and a second electrode in the plasma
display panel according to one embodiment;

[0017] FIGs. 11aand 11billustrate a seventh example
associated with a first electrode and a second electrode
in the plasma display panel according to one embodi-
ment;

[0018] FIG. 12 illustrates an eighth example associat-
ed with a first electrode and a second electrode in the
plasma display panel according to one embodiment;
[0019] FIG. 13 illustrates a ninth example associated
with afirst electrode and a second electrode in the plasma
display panel according to one embodiment;

[0020] FIG. 14 illustrates a tenth example associated
with afirst electrode and a second electrode in the plasma
display panel according to one embodiment;

[0021] FIGs. 15a and 15b illustrate an eleventh exam-
ple associated with a first electrode and a second elec-
trode in the plasma display panel according to one em-
bodiment;

[0022] FIG. 16 illustrates a frame for achieving a gray
level of an image displayed on the plasma display panel
according to one embodiment;

[0023] FIG. 17 illustrates an example of an operation
of the plasma display panel according to one embodi-
ment;

[0024] FIGs. 18a and 18b illustrate another form of a
rising signal or a second falling signal; and

[0025] FIG. 19illustrates another type of a sustain sig-
nal.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0026] Reference will now be made in detail embodi-
ments of the invention examples of which are illustrated
in the accompanying drawings.

[0027] A plasma display panel comprises a front sub-
strate on which a first electrode and a second electrode
are formed in parallel to each other, a rear substrate on
which a third electrode is formed to intersect the first elec-
trode and the second electrode, and a barrier rib formed
between the front and rear substrates and partitioning a
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discharge cell, wherein at least one of the first electrode
or the second electrode is formed in the form of a single
layer, and an exhaust unitis omitted in the rear substrate.
[0028] A plasma display panel comprises a front sub-
strate on which a first electrode and a second electrode
are formed in parallel to each other, a rear substrate on
which a third electrode is formed to intersect the first elec-
trode and the second electrode, and a barrier rib formed
between the front and rear substrates and partitioning a
discharge cell, wherein at least one of the first electrode
or the second electrode is formed in the form of a single
layer, the rear substrate is a hole-less substrate, and a
lead (Pb) contentis equal to orless than 1,000 ppm (parts
per million).

[0029] A plasma display panel comprises a front sub-
strate on which a first electrode and a second electrode
are formed in parallel to each other, a rear substrate on
which a third electrode is formed to intersect the first elec-
trode and the second electrode, and a barrier rib formed
between the front and rear substrates and partitioning a
discharge cell, wherein at least one of the first electrode
or the second electrode is formed in the form of a single
layer, the rear substrate is a hole-less substrate, the dis-
charge cell includes a first discharge cell and a second
discharge cell having a different pitch, and a first phos-
phor layer is formed in the first discharge cell, and a sec-
ond phosphor layer, that emits light of a color different
from a color of light emitted from the first phosphor layer,
is formed in the second discharge cell.

[0030] Hereinafter, exemplary embodiments will be
described in detail with reference to the attached draw-
ings.

[0031] FIGs. 1ato 1d illustrate an example of a struc-

ture of a plasma display panel according to one embod-
iment.

[0032] Referring to FIG. 1a, the plasma display panel
according to one embodiment includes a front substrate
101 and a rear substrate 111 which are coalesced with
each other. On the front substrate 101, a first electrode
102 and a second electrode 103 are formed in parallel
to each other. On the rear substrate 111, a third electrode
113 is formed to intersect the first electrode 102 and the
second electrode 103.

[0033] At least one of the first electrode 102 and the
second electrode 103 includes a single layer. For exam-
ple, the first electrode 102 and the second electrode 103
may a non-transparent electrode (i.e., an ITO (indium-
tin-oxide)-less electrode).

[0034] A color of at least one of the first electrode 102
and the second electrode 103 may be darker than a color
of an upper dielectric layer 104 which will be described
later.

[0035] An exhaust unit is omitted in the rear substrate
111. The exhaust unit may be omitted in the front sub-
strate 101 and the rear substrate 111. The exhaust unit
may be at least one of an exhaust hole, an exhaust tip,
or an exhaust pipe.

[0036] The first electrode 102 and the second elec-
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trode 103 generate a discharge inside discharge spaces
(i.e., discharge cells), and maintain the discharges of the
discharge cells.

[0037] The upper dielectric layer 104 for covering the
first electrode 102 and the second electrode 103 is
formed on an upper portion of the front substrate 101 on
which the first electrode 102 and the second electrode
103 are formed.

[0038] The upper dielectric layer 104 limits discharge
currents of the first electrode 102 and the second elec-
trode 103, and provides insulation between the first elec-
trode 102 and the second electrode 103.

[0039] A protective layer 105 is formed on an upper
surface of the upper dielectric layer 104 to facilitate dis-
charge conditions. The protective layer 105 may be
formed by deposing a material such as magnesium oxide
(MgO) on an upper portion of the upper dielectric layer
104.

[0040] Alower dielectriclayer 115 for covering the third
electrode 113 is formed on an upper portion of the rear
substrate 111 on which the third electrode 113 is formed.
The lower dielectric layer 115 provides insulation of the
third electrode 113.

[0041] Barrier ribs 112 of a stripe type, a well type, a
delta type, a honeycomb type, and the like, may be
formed on an upper portion of the lower dielectric layer
115 to partition discharge spaces (i.e., discharge cells).
A red (R) discharge cell, a green (G) discharge cell, and
a blue (B) discharge cell, and the like, are formed be-
tween the front substrate 101 and the rear substrate 111.
[0042] In addition to the red (R), green (G), and blue
(B) discharge cells, a white (W) discharge cell or a yellow
(Y) discharge cell may be further formed between the
front substrate 101 and the rear substrate 111.

[0043] Pitches of the red (R), green (G), and blue (B)
discharge cells may be substantially equal to one anoth-
er. However, the pitches of the red (R), green (G), and
blue (B) discharge cells, as illustrated in FIG. 1b, may be
different from one another to control a white balance in
the red (R), green (G), and blue (B) discharge cells.
[0044] In this case, the pitches of all of the red (R),
green (G), and blue (B) discharge cells may be different
from one another, or alternatively, the pitch of at least
one ofthered (R), green (G), and blue (B) discharge cells
may be different from the pitches of the other discharge
cells. For instance, as illustrated in FIG. 1b, a pitch (a)
of the red (R) discharge cell is the smallest, and pitches
(b and c) of the green (G) and blue (B) discharge cells is
more than the pitch (a) of the red (R) discharge cell.
[0045] The pitch (b) of the green (G) discharge cell
may be substantially equal to or different from the pitch
(c) of the blue (B) discharge cell.

[0046] The plasma display panel according one em-
bodiment may have various forms of barrier rib structures
as well as a structure of the barrier rib 112 illustrated in
FIG. 1a. Forinstance, as illustrated in FIG. 1c, the barrier
rib 112 includes a first barrier rib 112b and a second
barrier rib 112a. The barrier rib 112 may have a differen-
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tial type barrier rib structure in which the height of the
first barrier rib 112b and the height of the second barrier
rib 112a are different from each other, a channel type
barrier rib structure in which a channel usable as an ex-
haust path is formed on at least one of the first barrier rib
112b or the second barrier rib 112a, a hollow type barrier
rib structure in which a hollow is formed on at least one
of the first barrier rib 112b or the second barrier rib 112a,
and the like.

[0047] In the differential type barrier rib structure, as
illustrated in FIG. 1c, a height h1 of the first barrier rib
112b may be less than a height h2 of the second barrier
rib 112a. Further, in the channel type barrier rib structure
or the hollow type barrier rib structure, a channel or a
hollow may be formed on the first barrier rib 112b.
[0048] While the plasma display panel according to
one embodiment has been illustrated and described to
have the red (R), green (G), and blue (B) discharge cells
arranged on the same line, it is possible to arrange them
in a different pattern. For instance, a delta type arrange-
ment in which the red (R), green (G), and blue (B) dis-
charge cells are arranged in a triangle shape may be
applicable. Further, the discharge cells may have a va-
riety of polygonal shapes such as pentagonal and hex-
agonal shapes as well as a rectangular shape.

[0049] A predetermined discharge gas is filled in the
discharge cells partitioned by the barrier ribs 112.
[0050] Phosphorlayers 114 for emitting visible light for
an image display when generating an address discharge
are formed inside the discharge cells partitioned by the
barrierribs 112. Forinstance, red (R), green (G) and blue
(B) phosphor layers may be formed inside the discharge
cells.

[0051] A white (W) phosphor layer and/or a yellow (Y)
phosphor layer may be further formed in addition to the
red (R), green (G) and blue (B) phosphor layers.

[0052] Thethicknesses (widths)of the phosphorlayers
114 formed inside the red (R), green (G) and blue (B)
discharge cells may be substantially equal to one anoth-
er, or the thickness of at least one of them may be different
from the thickness of the others. For instance, when the
thickness of the phosphor layer 114 in at least one of the
red (R), green (G) and blue (B) discharge cells is different
from the thickness of the other discharge cells, thickness-
es t2 and t3 of the phosphor layers 114 in the green (G)
and blue (B) discharge cells, as illustrated in FIG. 1d, is
more than a thickness t1 of the phosphor layer 114 in the
red (R) discharge cell. The thickness t2 of the phosphor
layer 114 in the green (G) discharge cell may be sub-
stantially equal to or different from the thickness t3 of the
phosphor layer 114 in the blue (B) discharge cell.
[0053] It should be noted that only one example of the
plasma display panel according to one embodiment has
been illustrated and described above, and the embodi-
ment is not limited to the plasma display panel of the
above-described structure. For instance, although the
above description illustrates a case where the upper di-
electric layer 104 and the lower dielectric layer 115 each
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are formed in the form of a single layer, at least one of
the upper dielectric layer 104 and the lower dielectric
layer 115 may be formed in the form of a plurality of layers.
[0054] Ablacklayer (notshown) forabsorbing external
light may be further formed on the upper portion of the
barrier ribs 112 to prevent the reflection of the external
light caused by the barrier ribs 112.

[0055] Further, a black layer (not shown) may be fur-
ther formed at a predetermined position on the front sub-
strate 101 corresponding to the barrier ribs 112.

[0056] The third electrode 113 formed on the rear sub-
strate 11 may have a substantially constant width or thick-
ness. Further, the width or thickness of the third electrode
113 inside the discharge cell may be different from the
width or thickness of the third electrode 113 outside the
discharge cell. For instance, the width or thickness of the
third electrode 113 inside the discharge cell may be more
than the width or thickness of the third electrode 113 out-
side the discharge cell.

[0057] In this way, the structure of the plasma display
panel according to one embodiment may be changed in
various ways.

[0058] FIG. 2 illustrates an example of a method of
manufacturing the plasma display panel according toone
embodiment in which an exhaust hole is omitted.
[0059] Referring to FIG. 2, a reference numeral 200
indicates a chamber in which a front substrate 220 and
a rear substrate 230 are disposed. A reference numeral
210a indicates an exhaust portion for exhausting a gas
filled in the chamber 200. A reference numeral 210b in-
dicates a gas injection unit for injecting a discharge gas
in the chamber 200. A reference numeral 250 indicates
a firing unit for firing a seal layer 240.

[0060] First, the front substrate 220 and the rear sub-
strate 230 formed through predetermined processes are
disposed in the chamber 200.

[0061] The seal layer 240 for coalescing the front sub-
strate 220 and the rear substrate 230 may be formed on
a portion of at least one of the front substrate 220 or the
rear substrate 230. For example, as illustrated in FIG. 2,
the seal layer 240 may be formed on the rear substrate
230.

[0062] The exhaust portion 210a exhausts a gas filled
in the chamber 200 in which the front substrate 220 and
the rear substrate 230 are disposed. In other words, the
exhaust portion 210a exhausts an impure gas inside the
chamber 200 to the outside.

[0063] Next, the gas injection unit 210b injects a dis-
charge gas inside the chamber 200. More specifically, a
discharge gas such as xenon (Xe), neon (Ne), argon (Ar)
is injected into the chamber 200 so that a pressure of the
chamber 200 ranges from about 4x102 torr to about 2
torr in an atmosphere of a temperature of about 200-400
.

[0064] The front substrate 220 and the rear substrate
230 are coalesced using a predetermined coalescing de-
vice (not illustrated). The firing unit 250 applies heat or
light to the seal layer 240 such that the seal layer 240 is
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hardened. As a result, the front substrate 220 and the
rear substrate 230 are coalesced sufficiently strongly.
[0065] The seal layer 240 may include a photo-
crosslinked material. The firing unit 250 applies light to
the seal layer 240 when coalescing the front substrate
220 and the rear substrate 230, thereby curing and firing
the seal layer 240. Thus, the above process prevents the
generation of an impure gas when firing the seal layer
240.

[0066] As above, since the plasma display panel is
completed through the coalescing of the front substrate
220 and the rear substrate 230, the process for coalesc-
ing the front substrate 220 and the rear substrate 230
and the process for injecting the discharge gas are per-
formed together. Thus, the front substrate 220 and the
rear substrate 230 do not need to have an exhaust unit,
i.e., an exhaust hole. In other words, the exhaust hole
may be omitted.

[0067] As above, an exhaust tip for connecting the gas
injection unit for injecting the discharge gas through the
exhaust hole to the front and rear substrates 220 and
230 may be omitted. The exhaust tip may be interpreted
as an exhaust pipe.

[0068] In a case where an impure gas inside the plas-
ma display panel is exhausted and a discharge gas is
injected into the plasma display panel using an exhaust
unit in accordance with the related art, the exhaust unit
is disposed at a specific position of the plasma display
panel. Further, since after coalescing front and rear sub-
strates, the exhaust of the impure gas and the gas injec-
tion are performed, there is a great likelihood that the
impure gas remains inside the plasma display panel (i.e.,
inside discharge cells). Thus, in the structure of the re-
lated art plasma display panel including the exhaust unit,
the impure gas interferes in the discharge such that a
firing voltage further increases and the discharge is stably
performed due to the deviation of the exhaust. As aresult,
the driving efficiency decreases.

[0069] Onthe other hand, asillustrated in FIG. 2, when
the coalescence process of the front and rear substrates
220 and 230 and the injection process of the discharge
gas are performed together, the impure gas is removed
sufficiently and the discharge gas is injected sufficiently
uniformly.

[0070] As compared the structure of the plasma dis-
play panel of FIG. 2, in which the exhaust unit is omitted,
with the structure of the related art plasma display panel
including the exhaust unit, the plasma display panel of
FIG. 2 generates a sufficiently stable discharge under a
relatively low firing voltage (i.e., a driving voltage).
[0071] Inthe structure of the related art plasma display
panel including the exhaust unit, a formation process of
the exhaust hole, a coalescence process, a coupling
process of an exhaust tip, an exhaust process, a gas
injection process, and the like, are included sequentially.
[0072] Ontheotherhand,inthe structure of the plasma
display panel of FIG. 2, in which the exhaust unit is omit-
ted, since the exhaust process and the gas injection proc-
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ess when performing the coalescence process are per-
formed together, the number of manufacturing processes
and manufacturing time are reduced. Thus, the manu-
facturing cost is reduced.

[0073] FIG. 3 illustrates a reason why a first electrode
and a second electrode have a single layer structure in
the structure of the plasma display panel in which an
exhaust unit is omitted.

[0074] Unlike the structure of the plasma display panel
according to one embodiment, referring to FIG. 3, a first
electrode 400 and a second electrode 410 formed on the
front substrate 101 are formed in the form of a plurality
of layers.

[0075] More specifically, the first electrode 400 and the
second electrode 410 each include transparent elec-
trodes 400aand 410a and bus electrodes 400b and 410b.
[0076] InFIG. 3, the transparent electrodes 400a and
410a are formed, and the bus electrodes 400b and 410b
are then formed.

[0077] As compared with the single layer structure of
the first and second electrodes, the number of manufac-
turing processes in the first and second electrodes 400
and 410 of FIG. 3 increases such that the manufacturing
cost increases.

[0078] Further, since the first electrode 400 and the
second electrode 410 of FIG. 3 use relatively expensive
ITO, the manufacturing cost further increases.

[0079] On the other hand, since the first and second
electrodes have the single layer structure in the plasma
display panel according to one embodiment, the manu-
facturing process is simple. Further, the first and second
electrodes are manufactured without using a relatively
expensive material such as ITO.

[0080] Since the first and second electrodes having
the single layer structure do not use a transparent mate-
rial, the first and second electrodes may have a color
darker than the upper dielectric layer formed on the front
substrate such that an aperture ratio may be reduced.
When the widths of the first and second electrodes are
reduced so as to raise the aperture ratio, the firing voltage
rises such that the driving efficiency is reduced.

[0081] However, inthe plasmadisplay panel according
to one embodiment not having the exhaust unit, as de-
scribed above, the discharge gas is injected uniformly
such that the firing voltage may be low. Even if the first
and second electrodes have the single layer structure
and the widths of the first and second electrodes de-
crease, a sharp increase in the firing voltage is prevented.
As aresult, a reduction in the aperture ratio and the driv-
ing efficiency is prevented in addition to a reduction in
the manufacturing cost.

[0082] The first and second electrodes having the sin-
gle layer structure may include an electrically conductive
opaque metal material. For instance, an inexpensive ma-
terial having the excellent electrical conductivity, for ex-
ample, silver (Ag), copper (Cu), aluminum (Al) may be
used.

[0083] FIG. 4 illustrates an example of a structure in
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which a black layer is formed between first and second
electrodes and a front substrate.

[0084] Referringto FIG. 4, black layers 500a and 500b
are formed between the front substrate 101 and the first
and second electrodes 102 and 103. The black layers
500a and 500b prevent discoloration of the front sub-
strate 101, and have a color darker than at least one of
the first or second electrode 102 or 103. In other words,
when the front substrate 101 directly contacts the first or
second electrode 102 or 103, a predetermined area of
the front substrate 101 directly contacting the first or sec-
ond electrode 102 or 103 may change to yellow. The
change of color is called a migration phenomenon. The
black layers 500a and 500b prevent the migration phe-
nomenon, thereby preventing the discoloration of the
front substrate 101.

[0085] The black layers 500a and 500b may include a
black material having a substantially dark color, for ex-
ample, ruthenium (Ru).

[0086] Since the black layers 500a and 500b are
formed between the front substrate 101 and the first and
second electrodes 102 and 103, the generation of reflec-
tion light is prevented even if the first and second elec-
trodes 102 and 103 are made of a material of a high
reflectivity.

[0087] FIG.5illustrates afirstexample associated with
a first electrode and a second electrode in the plasma
display panel according to one embodiment.

[0088] Referring to FIG. 5, at least one of a first elec-
trode 600 and a second electrode 610 includes a plurality
of line portions 600a, 600b, 600c, 610a, 610b and 610c.
[0089] The line portions 600a, 600b, 600c, 610a, 610b
and 610c are formed to intersect a third electrode 620
within a discharge cell partitioned by a barrier rib 630.
[0090] The line portions 600a, 600b, 600c, 610a, 610b
and 610c are spaced from one another at a predeter-
mined distance.

[0091] For example, the first and second line portions
600a and 600b of the first electrode 600 are spaced with
adistance d1, and the second and third line portions 600b
and 600c of the first electrode 600 are spaced with a
distance d2. The distances d1 and d2 may be equal to
or different from each other.

[0092] Two or more line portions may be adjacent to
each other.
[0093] Theline portions 600a, 600b, 600c, 610a, 610b

and 610c each have a predetermined width.

[0094] Forexample,thefirst, second, third line portions
600a, 600b and 600c of the first electrode 600 have
widths W1, W2 and W3, respectively. The widths W1,
W2 and W3 may be equal to one another.

[0095] The shape of the first electrode 600 is symmet-
rical to the shape of the second electrode 610 within the
discharge cell.

[0096] A discharge may occur between the first line
portion 600a of the first electrode 600 and the first line
portion 610a of the second electrode 610 which are
spaced with a distance d3. The above discharge may
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diffused between the second line portion 600b of the first
electrode 600 and the second line portion 610b of the
second electrode 610, and between the third line portion
600c of the first electrode 600 and the third line portion
610c of the second electrode 610.

[0097] Although the above description has been made
with respect to a case where the shape of the first elec-
trode 600 is symmetrical to the shape of the second elec-
trode 610, the shape of the first electrode 600 may be
asymmetrical to the shape of the second electrode 610.
[0098] For example, while the first electrode 600 may
include three line portions, the second electrode 610 may
include two line portions.

[0099] Furthermore,itis possible to control the number
of line portions. For example, the first electrode 600 or
the second electrode 610 may include 4 or 5 line portions.
[0100] FIGs. 6a to 6¢ illustrate a second example as-
sociated with a first electrode and a second electrode in
the plasma display panel according to one embodiment.
The description about structures and components iden-
tical or equivalent to those illustrated and described in
the first example is omitted from the description about
structures and components illustrated in FIGs. 6a to 6c¢.
[0101] Referring to FIG. 6a, at least one of a first elec-
trode 730 and a second electrode 760 includes a plurality
of line portions 710a, 710b, 740a, 740b intersecting a
third electrode 770, and projecting portions 720 and 750
in parallel to the third electrode 770.

[0102] The projecting portions 720 and 750 project
from the one or more line portions 710a, 710b, 7403,
740b. For example, the projecting portion 720 of the first
electrode 730 projects from the line portions 710a, and
the projecting portion 750 of the second electrode 760
projects from the line portions 740a.

[0103] A distance g1 between the first electrode 730
and the second electrode 760 in a formation portion of
the projecting portions 720 and 750 is shorter than a dis-
tance g2 between the first electrode 730 and the second
electrode 760 in a portion except the formation portion
of the projecting portions 720 and 750 inside a discharge
cell partitioned by a barrier rib 700. Thus, a firing voltage
of a discharge generated between the first electrode 730
and the second electrode 760 is lowered.

[0104] The projecting portions 720 and 750 may over-
lap the third electrode 770 inside the discharge cell. The
above-described formation of the projecting portions 720
and 750 lowers afiring voltage between the first electrode
730 and the third electrode 770, and a firing voltage be-
tween the second electrode 760 and the third electrode
770.

[0105] Referring to FIG. 6b, the first electrode 730 and
the second electrode 760 each include a plurality of pro-
jecting portions 720a, 720b, 720c, 750a, 750b and 750c.
More specifically, the first electrode 730 includes the first,
second and third projecting portions 720a, 720b and
720c. The second electrode 760 includes the first, sec-
ond and third projecting portions 750a, 750b and 750c.
[0106] As illustrated in FIGs. 6a and 6b, it is possible
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to control the number of projecting portions.

[0107] Referring to FIG. 6¢, the projecting portions
750a, 750b and 750c may be formed in various shapes.
[0108] More specifically, the projecting portion 750ais
formed in the shape with curvature. The projecting por-
tions 750b and 750c are formed in a polygonal shape.
[0109] When the plurality of projecting portions are
formed, the shape of at least one of the plurality of pro-
jecting portions may be different from the shapes of the
other projecting portions. For example, when the two pro-
jecting portions are formed, one may include a portion
having curvature shaped like the projecting portion 750a
of FIG. 6¢c, and the other may have a rectangular shape
like the projecting portion 750c of FIG. 6c¢.

[0110] FIG. 7 illustrates a third example associated
with afirst electrode and a second electrode in the plasma
display panel according to one embodiment. The descrip-
tion about structures and components identical or equiv-
alent to those illustrated and described in the first and
second examples is omitted from the description about
structures and components illustrated in FIG. 7.

[0111] Referring to FIG. 7, connection portions 820b
and 850b connecting two or more line portions of a plu-
rality of line portions 810a, 810b, 840a and 840b are
formed.

[0112] The connection portion 820b of the first elec-
trode 830 connects first and second line portions 810a
and 810b of the first electrode 830. The connection por-
tion 850b of the second electrode 860 connects first and
second line portions 840a and 840b of the second elec-
trode 860.

[0113] The connection portions 820b and 850b con-
necting the two line portions make it easy to diffuse a
discharge generated inside a discharge cell partitioned
by a barrier rib 800.

[0114] FIG. 8 illustrates a fourth example associated
with afirst electrode and a second electrode in the plasma
display panelaccording to one embodiment. The descrip-
tion about structures and components identical or equiv-
alent to those illustrated and described the first to third
examples is omitted from the description about structures
and components illustrated in FIG. 8.

[0115] Referring to FIG. 8, at least one of a plurality of
projecting portions 820a, 820c, 850a and 850c projects
from at least one of a plurality of line portions 810a, 810b,
840a and 840b in a first direction. At least one of the
remaining projecting portions projects from at least one
of the plurality of line portions 810a, 810b, 840a and 840b
in a second direction different from the first direction.

[0116] The first direction may be opposite to the sec-
ond direction.
[0117] More specifically, the projecting portion 820a

projects from the line portion 810a in the center of the
discharge cell. The projecting portion 820c projects from
the line portion 810b in a direction opposite to a projecting
direction of the projecting portion 820a.

[0118] The projecting portions 820c and 850c diffuse
a discharge generated inside the discharge cell more
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widely.

[0119] Although FIG, 8 has illustrated a case where
the firstand second electrodes 830 and 860 each include
the projecting portions 820a and 850a projecting in the
center of the discharge cell, the first and second elec-
trodes 830 and 860 each may include one or more pro-
jecting portions projecting in the center of the discharge
cell. The projecting portions 820a and 850a projecting in
the center of the discharge cell lower the firing voltage,
and efficiently diffuse the discharge.

[0120] FIG.9illustrates afifth example associated with
a first electrode and a second electrode in the plasma
display panel according to one embodiment. The descrip-
tion about structures and components identical or equiv-
alentto those illustrated and described in the first to fourth
examples is omitted from the description about structures
and components illustrated in FIG. 9.

[0121] Referring to FIG. 9, a first electrode 1030 in-
cludes fourline portions 1010a, 1010b, 1010cand 1010d,
and three connection portions 1020a, 1020b and 1020c.
A second electrode 1060 includes four line portions
1040a, 1040b, 1040c and 1040d, and three connection
portions 1050a, 1050b and 1050c.

[0122] The connection portions each connect two or
more line portions.

[0123] More specifically, in a case of the first electrode
1030, the first connection portion 1020a connects the
first and second line portions 1010a and 1010b, the sec-
ond connection portion 1020b connects the second and
third line portions 1010b and 1010c, and the third con-
nection portion 1020c¢ connects the third and fourth line
portions 1010c and 1010d.

[0124] FIG. 10 illustrates a sixth example associated
with afirst electrode and a second electrode in the plasma
display panel according to one embodiment. The descrip-
tion about structures and components identical or equiv-
alent to those illustrated and described in the first to fifth
examples is omitted from the description about structures
and components illustrated in FIG. 10.

[0125] Referring to FIG. 10, a first electrode 1130 in-
cludes fourline portions 1110a, 1110b, 1110cand 1110d,
and three connection portions 1120a, 1120b and 1120c.
A second electrode 1160 includes four line portions
1140a, 1140b, 1140c and 1140d, and three connection
portions 1150a, 1150b and 1150c. At least one of the
three connection portions of each of the first and second
electrodes 1130 and 1160 is different from the other con-
nection portions in a formation location.

[0126] Forexample, asillustratedin FIG. 10, formation
locations of the first and second connection portions
1120a and 1120b in the first electrode 1130 are different
from each other. Further, formation locations of the sec-
ond and third connection portions 1120b and 1120c in
the first electrode 1130 are different from each other.
[0127] FIGs. 11aand 11billustrate a seventh example
associated with a first electrode and a second electrode
in the plasma display panel according to one embodi-
ment. The description about structures and components
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identical or equivalent to those illustrated and described
in the first to sixth examples is omitted from the descrip-
tion about structures and components illustrated in FIGs.
11a and 11b.

[0128] Referring to FIG. 11a, the shape of at least one
of a plurality of line portions of each of first and second
electrodes 1230 and 1260 is different from the shape of
the other line portions.

[0129] For example, when the width of a first line por-
tion 1240a of the second electrode 1260 is equal to W1,
the width of a second line portion 1240b may be equal
to W2 more than W1.

[0130] Onthe contrary, referring to FIG. 11b, when the
width of the first line portion 1240a of the second elec-
trode 1260 is equal to W3, the width of the second line
portion 1240b may be equal to W4 less than W4.
[0131] As above, it is possible to control the width of
the line portions.

[0132] FIG. 12 illustrates an eighth example associat-
ed with a first electrode and a second electrode in the
plasma display panel according to one embodiment. The
description about structures and components identical
or equivalent to those illustrated and described in the first
to seventh examples is omitted from the description
about structures and components illustrated in FIG. 12.
[0133] Referring to FIG. 12, the shape of at least one
of a plurality of line portions of each of first and second
electrodes 1330 and 1360 is different from the shape of
the other line portions.

[0134] For example, when the length of a first line por-
tion 1340a of the second electrode 1360 is equal to L1,
the width of a second line portion 1340b may be equal
to L2 shorter than L1.

[0135] Further, the length L1 may be longer than the
length L2.
[0136] FIG. 13 illustrates a ninth example associated

with afirst electrode and a second electrode in the plasma
display panelaccording to one embodiment. The descrip-
tion about structures and components identical or equiv-
alent to those illustrated and described in the first to
eighth examples is omitted from the description about
structures and components illustrated in FIG. 13.
[0137] ReferringtoFIG. 13, firstand second electrodes
1430 and 1460 each include first line portions 1410a and
1440a, and second line portions 1410b and 1440b having
the length longer than the first line portions 1410a and
1440a.

[0138] Further, the first and second electrodes 1430
and 1460 each include first connection portions 1420a
and 1450a, and second connection portions 1420b and
1450b. The first and second connection portions 1420a
and 1420b of the first electrode 1430 project at an angle
to the first line portions 1410a such that the first and sec-
ond line portions 1410a and 1410b are connected to each
other. The first and second connection portions 1450a
and 1450b of the second electrode 1460 project at an
angle to the first line portions 1450a such that the first
and second line portions 1440a and 1440b are connected
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to each other.

[0139] Thus, the first and second electrodes 1430 and
1460 have a trapezoid shape.

[0140] FIG. 14 illustrates a tenth example associated
with afirst electrode and a second electrode in the plasma
display panel according to one embodiment. The descrip-
tion about structures and components identical or equiv-
alent to those illustrated and described in the first to ninth
examples is omitted from the description about structures
and components illustrated in FIG. 14.

[0141] Referringto FIG. 14, firstand second electrodes
1530 and 1560 have a rectangular shape.

[0142] As illustrated in FIGs. 13 and 14, the first and
second electrodes in the plasma display panel according
to one embodiment may have various polygonal shapes.
[0143] FIGs. 15a and 15b illustrate an eleventh exam-
ple associated with a first electrode and a second elec-
trode in the plasma display panel according to one em-
bodiment. The description about structures and compo-
nents identical or equivalent to those illustrated and de-
scribed in the first to tenth examples is omitted from the
description about structures and components illustrated
in FIGs. 15a and 15b.

[0144] Referring to FIG. 15a, a line portion 1610 of a
first electrode 1630 includes a middle projecting portion
projecting from a middle portion of the line portion 1610
in the center of a discharge cell partitioned by a barrier
rib 1600. Further, a line portion 1640 of a second elec-
trode 1660 includes a middle projecting portion projecting
from a middle portion of the line portion 1640 in the center
of the discharge cell.

[0145] Projecting portions 1620a, 16020b, 1650a and
1650b project from the middle projecting portions.
[0146] Referring to FIG. 15b, the line portions 1610
and 1640 of the first and second electrodes 1630 and
1660 each include middle projecting portions projecting
from the middle portions of the line portions 1610 and
1640 in a direction of opposite to a projecting direction
of the middle projecting portions of FIG. 15a.

[0147] The projecting portions 1620a, 16020b, 1650a
and 1650b of FIG. 15b project in the center of the dis-
charge cell.

[0148] The above-described plasma display panel ac-
cording to one embodiment may contain lead (Pb) equal
to or less than 1,000 PPM (parts per million).

[0149] In other words, since the Pb content, based on
total weight for all components of the plasma display pan-
el according to one embodiment is equal to or less than
1,000 PPM, the total Pb content in the plasma display
panel is equal to or less than 1,000 PPM.

[0150] Further, a Pb content in a specific component
of the plasma display panel may be equal to or less than
1,000 PPM. For example, a Pb content in at least one of
the barrier rib or the dielectric layer may be equal to or
less than 1,000 PPM.

[0151] A Pb contentin each component of the plasma
display panel may be equal to or less than 1,000 PPM.
In other words, a Pb content in each of the barrier rib,
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the dielectric layer, the electrode, the phosphor layer and
the seal layer may be equal to or less than 1,000 PPM.
[0152] Sine the total Pb content in the plasma display
panel is equal to or less than 1,000 PPM, Pb contained
in the plasma display panel does not adversely affect to
the human body.

[0153] FIG. 16 illustrates a frame for achieving a gray
level of an image displayed on the plasma display panel
according to one embodiment.

[0154] FIG. 17 illustrates an example of an operation
of the plasma display panel according to one embodi-
ment.

[0155] ReferringtoFIG. 16, inthe plasma display panel
according to one embodiment, a frame is divided into
several subfields having a different number of emission
times.

[0156] Each subfield is subdivided into a reset period
for initializing all the cells, an address period for selecting
cells to be discharged, and a sustain period for repre-
senting gray level in accordance with the number of dis-
charges.

[0157] For example, if an image with 256-level gray
level is to be displayed, a frame, as illustrated in FIG. 16,
is divided into 8 subfields SF1 to SF8. Each of the 8 sub-
fields SF1 to SF8 is subdivided into a reset period, an
address period and a sustain period.

[0158] The number of sustain signals supplied during
the sustain period determines gray level weight in each
of the subfields. For example, in such a method of setting
gray level weight of a first subfield to 2° and gray level
weight of a second subfield to 21, the sustain period in-
creases in a ratio of 2" (where, n=0,1,2, 3,4,5,6, 7)
in each of the subfields. Since the sustain period varies
from one subfield to the next subfield, a specific gray
level is achieved by controlling the sustain period which
are to be used for discharging each of the selected cells,
i.e., the number of sustain discharges that are realized
in each of the discharge cells.

[0159] The plasma display panel according to one em-
bodiment uses a plurality of frames to display an image
during 1 second. For example, 60 frames are used to
display animage during 1 second. In this case, a duration
T of time of one frame may be 1/60 seconds, i.e., 16.67
ms.

[0160] Although FIG. 16 has illustrated and described
a case where one frame includes 8 subfields, the number
of subfields constituting one frame may vary. For exam-
ple, one frame may include 12 subfields SF1 to SF12 or
10 subfields SF1 to SF10.

[0161] Further, although FIG. 16 has illustrated and
described the subfields arranged in increasing order of
gray level weight, the subfields may be arranged in de-
creasing order of gray level weight, or the subfields may
be arranged regardless of gray level weight.

[0162] FIG. 17 illustrates an example of an operation
of the plasma display panel according to one embodi-
mentin one subfield of a plurality of subfields of one frame
as illustrated in FIG. 16.
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[0163] During a pre-reset period prior to a reset period,
a first falling signal is supplied to a first electrode Y.
[0164] During the supplying of the first falling signal to
the first electrode Y, a pre-sustain signal of a polarity
direction opposite a polarity direction of the first falling
signal is supplied to a second electrode Z.

[0165] The first falling signal supplied to the first elec-
trode Y gradually falls to a tenth voltage V10.

[0166] The pre-sustain signal is substantially main-
tained at a pre-sustain voltage Vpz. The pre-sustain volt-
age Vpz is substantially equal to a voltage (i.e., a sustain
voltage Vs) of a sustain signal (SUS) which will be sup-
plied during a sustain period.

[0167] As above, the first falling signal is supplied to
the first electrode Y and the pre-sustain signal is supplied
to the second electrode Z during the pre-reset period
such that wall charges of a predetermined polarity are
accumulated on the first electrode Y and wall charges of
a polarity opposite the polarity of the wall charges accu-
mulated on the first electrode Y are accumulated on the
second electrode Z. For example, wall charges of a pos-
itive polarity are accumulated on the first electrode Y,
and wall charges of a negative polarity are accumulated
on the second electrode Z.

[0168] As a result, a setup discharge of a sufficient
strength occurs during the reset period such that the in-
itialization of all the discharge cells is performed stably.
[0169] Furthermore, although a voltage of a rising sig-
nal supplied to the first electrode Y during the reset period
is low, a setup discharge of a sufficiently strength occurs.
[0170] A subfield, which is first arranged in time order
in a plurality of subfields of one frame, may include a pre-
reset period prior to a reset period so as to obtain suffi-
cientdrivingtime. Or, two or three subfields of the plurality
of subfields may include a pre-reset period prior to areset

period.

[0171] Each subfield may notinclude the pre-reset pe-
riod.

[0172] The reset period is further divided into a setup

period and a set-down period. During the setup period,
the rising signal of a polarity opposite a polarity of the
first falling signal is supplied to the first electrode Y.
[0173] The rising signal includes a first rising signal
and a second rising signal. Thefirstrising signal gradually
rises from a twentieth voltage V20 to a thirtieth voltage
V30 with a first slope, and the second rising signal grad-
ually rises from the thirtieth voltage V30 to a fortieth volt-
age V40 with a second slope.

[0174] The rising signal generates a weak dark dis-
charge (i.e., a setup discharge) inside the discharge cell
during the setup period, thereby accumulating a proper
amount of wall charges inside the discharge cell.
[0175] The second slope of the second rising signal is
gentler than the first slope of the first rising signal. When
the second slope is gentler than thefirst slope, the voltage
of the rising signal rises relatively rapidly until the setup
discharge occurs, and the voltage of therising signal rises
relatively slowly during the generation of the setup dis-
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charge. As a result, the amount of light generated by the
setup discharge is reduced. Accordingly, contrast of the
plasma display panel is improved.

[0176] During the set-down period, a second falling
signal of a polarity direction opposite a polarity direction
of the rising signal is supplied to the first electrode Y. The
second falling signal gradually falls from the twentieth
voltage V20 to a fiftieth voltage V50. The second falling
signal generates a weak erase discharge (i.e., a set-
down discharge) inside the discharge cell. Furthermore,
the remaining wall charges are uniform inside the dis-
charge cells to the extent that an address discharge can
be stably performed.

[0177] FIGs. 18a and 18b illustrate another form of a
rising signal or a second falling signal.

[0178] Referring to FIG. 18a, the rising signal sharply
rises to the thirtieth voltage V30, and then gradually rises
from the thirtieth voltage V30 to the fortieth voltage V40.
[0179] The rising signal, as illustrated in FIG. 17, may
gradually rise with the two different slopes through two
stages. Further, the rising signal, as illustrated in FIG.
18a, may gradually rise through one stage. As above,
the rising signal may vary in the various forms.

[0180] Referring to FIG. 18b, the second falling signal
gradually falls from the thirtieth voltage V30. As above,
a voltage falling time point of the second falling signal is
changeable. In other words, the second falling signal may
vary in the various forms.

[0181] Referringto FIG. 17, during the address period,
a scan bias signal, which is substantially maintained at
avoltage higher than thefiftieth voltage V50 of the second
falling signal, is supplied to the first electrode Y.

[0182] A scan signal, which falls from the scan bias
signal by a scan voltage magnitude AVy, is supplied to
all the first electrodes Y1 to Yn.

[0183] Forexample, afirst scan signal (Scan 1) is sup-
plied to the first electrode Y1, and then a second scan
signal (Scan 2) is supplied to the first electrode Y2. There-
fore, an n-th scan signal (Scan n) is supplied to the first
electrode Yn.

[0184] The width of the scan signal may vary from one
subfield to the next subfield. In other words, the width of
a scan signal in at least one subfield may be different
from the width of a scan signal in another subfield. For
example, the width of a scan signal in a subfield may be
more than the width of a scan signal in the next subfield.
Further, the width of the scan signal may be gradually
reduced in the order of 2. 6 s, 2. 3 us, 2.1 ps, 1. 9 ps,
etc., orin the order of 2.6 ps, 2.3 ps, 2.3 s, 2.1 ps, 1.9
ws, 1.9 us, etc.

[0185] As above, when the scan signal (Scan) is sup-
plied to the first electrode Y, a data signal (data) corre-
sponding to the scan signal (Scan) is supplied to the third
electrode X. The data signal (data) rises from a ground
level voltage GND by a data voltage magnitude AVd.
[0186] As the voltage difference between the scan sig-
nal (Scan) and the data signal (data) is added to the wall
voltage generated during the reset period, the address
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discharge is generated within the discharge cell to which
the data signal (data) is supplied.

[0187] A sustain bias signal is supplied to the second
electrode Z during the address period to prevent the gen-
eration of the unstable address discharge by interference
of the second electrode Z. The sustain bias signal is sub-
stantially maintained at a sustain bias voltage Vz. The
sustain bias voltage Vz is lower than the voltage of the
sustain signal which will be supplied during the sustain
period and is higher than the ground level voltage GND.
[0188] During the sustain period, a sustain signal
(SUS) is alternately supplied to the first electrode Y and
the second electrode Z. The sustain signal (SUS) has a
voltage magnitude corresponding to a sustain voltage Vs.
[0189] As the wall voltage within the discharge cell se-
lected by performing the address discharge is added to
the sustain voltage Vs of the sustain signal (SUS), every
time the sustain signal (SUS) is supplied, a sustain dis-
charge, i.e., a display discharge occurs between the first
electrode Y and the second electrode Z.

[0190] FIG. 19illustrates another type of a sustain sig-
nal.
[0191] Referring to FIG. 19, a sustain signal of a pos-

itive polarity direction and a sustain signal of a negative
polarity direction are alternately supplied to the first elec-
trode Y or the second electrode Z, for example, to the
first electrode Y.

[0192] As above, when the sustain signal of the posi-
tive polarity direction and the sustain signal of the nega-
tive polarity direction are alternately supplied to the first
electrode Y, a bias signal is supplied to the second elec-
trode Z. The bias signal is substantially maintained at the
ground level voltage GND.

[0193] Asillustratedin FIG. 19, when the sustain signal
is supplied to either the first electrode Y or the second
electrode Z, a single diving board for installing a circuit
for supplying the sustain signal to either the first electrode
Y or the second electrode Z is required. Accordingly, the
whole size of a driver for driving the plasma display panel
is reduced such that the manufacturing cost is reduced.
[0194] The foregoing embodiments and advantages
are merely exemplary and are not to be construed as
limiting the present invention. The present teaching can
be readily applied to other types of apparatuses. The
description of the foregoing embodiments is intended to
be illustrative, and not to limit the scope of the claims.
Many alternatives, modifications, and variations will be
apparent to those skilled in the art. In the claims, means-
plus-function clauses are intended to cover the structures
described herein as performing the recited function and
not only structural equivalents but also equivalent struc-
tures. Moreover, unless the term "means" is explicitly re-
cited in a limitation of the claims, such limitation is not
intended to be interpreted under 35 USC 112(6).
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Claims

1.

A plasma display panel, comprising:

a front substrate on which a first electrode and
asecond electrode are formed in parallel to each
other;

a rear substrate on which a third electrode is
formed to intersect the first electrode and the
second electrode; and

a barrier rib formed between the front and rear
substrates and partitioning a discharge cell,

wherein at least one of the first electrode or the sec-
ond electrode is formed in the form of a single layer,
and an exhaust unit is omitted in the rear substrate.

The plasma display panel of claim 1, wherein a seal
layer coalescing the front substrate and the rear sub-
strate is formed between the front substrate and rear
substrate, and

the seal layer includes a photo-crosslinked material.

The plasma display panel of claim 1, further com-
prising a dielectric layer formed on the front sub-
strate,
wherein at least one of the first electrode or the sec-
ond electrode has a color darker than the dielectric
layer.

The plasma display panel of claim 1, further com-
prising a black layer formed between the front sub-
strate and at least one of the first electrode or the
second electrode, wherein the black layer has a color
darker than at least one of the first electrode or the
second electrode.

The plasma display panel of claim 1, wherein at least
one of the first electrode or the second electrode
includes atleast one line portion intersecting the third
electrode, and at least one projecting portion pro-
jecting from at least one line portion in parallel to the
third electrode.

The plasma display panel of claim 5, further com-
prising a connection portion connecting at least two
line portions of the plurality of line portions.

The plasma display panel of claim 5, wherein the
projecting portion includes a first projecting portion
and a second projecting portion, and

the first projecting portion projects in a first direction,
and the second projecting portion projects in a sec-
ond direction different from the first direction.

The plasma display panel of claim 5, wherein the
projecting portion includes a portion having curva-
ture.
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9.

10.

The plasma display panel of claim 1, wherein an ex-
haust unit is omitted in the front substrate.

The plasma display panel of claim 1, wherein the
exhaust unitincludes at least one of an exhaust hole,
an exhaust tip, and an exhaust pipe.
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