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Description
BACKGROUND
1. Field of the Invention

[0001] The present invention relates to a plasma dis-
play (PDP) and, more particularly, to a PDP substrate
structure of the PDP and its manufacturing method.

2. Description of the Related Art

[0002] A plasma display panel (PDP) is a display de-
vice for realizing an image by gas discharge. That is, the
gas discharge generates plasma, the plasma radiates
vacuum ultraviolet (VUV) rays, the VUV rays excite phos-
phors, and the excited phosphors are stabilized to gen-
erate red (R), green (G), and blue (B) visible light.
[0003] Forexample, in one type of PDP, address elec-
trodes are formed on a first (or rear) substrate, and a
dielectric layer is formed on the first substrate to cover
the address electrodes. Barrier ribs are formed in a stripe
pattern on the dielectric layer between the respective ad-
dress electrodes. Red (R), green (G), and blue (B) phos-
phor layers are formed on inner surfaces of the barrier
ribs and on a surface of the dielectric layer.

[0004] Display electrodes (e.g., a sustain electrode
and a scan electrode formed in pairs) are formed on a
second (or front) substrate extending in a direction cross-
ing the address electrodes.

[0005] Discharge cells are partitioned by the barrier
ribs, and are formed at crossing regions of the address
electrodes and the display electrodes. Accordingly, mil-
lions (or more) of the discharge cells can be arranged in
a matrix format in the PDP.

[0006] In one embodiment, the second (or front) sub-
strate is formed on a light transparent material, such as
glass, and the display electrodes are made of a trans-
parent conductive material so that they do not interfere
with the light reaching the second substrate.

[0007] Most transparent conductive materials utilized
in the formation of the display (or transparent) electrodes
have high electrical resistance as compared to opaque
metallic materials. The high resistant electrodes may
cause the PDP to run at a slower rate, with higher voltage
drop and/or with more power consumption. One ap-
proach for enhancing the conductivity of transparent
electrodes is to use bus (or metal conductive) electrodes,
which are placed in contact with the transparent elec-
trodes. Accordingly, there is a continued need to improve
the conductivity of the metal conductive electrodes, (e.g.
lower the resistance, particularly, specific resistance of
a PDP electrode after sintering) and the overall conduc-
tivity of the electrodes.

SUMMARY OF THE INVENTION

[0008] In the context of embodiments of the present
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invention, a specific resistance refers to a product of a
resistance per a unit area and the unit volume for an
electrode formed utilizing a sintering process.

[0009] In general, the lower the specific resistance of
an electrode (e.g., a bus electrode for a plasma display
panel (PDP)), the higher the conductivity of the electrode.
As an example, aluminum (Al), which is a relatively inex-
pensive electrode material, typically has a relatively high
specific resistance of about 100 p.Q-cm or more. As such,
a conventional Al electrode has a relatively low conduc-
tivity.

[0010] According to an embodiment of the present in-
vention, an electrode (e.g., a bus electrode for a PDP)
includes a first layer and a second layer. The second
layer is formed on a substrate and includes an aluminum
(Al) material. The first layer is formed between the sub-
strate and the second layer and includes a conductive
material having lower specific resistance than that of Al.
A light absorbable layer is formed on the substrate and
adjacentto the electrode, the light absorbable layer being
an oxidization product of the conductive material of the
first layer. As such, the electrode includes Al that is rel-
atively inexpensive, nota noble metal, and can be formed
using a photolithographic method that does not require
an expensive apparatus; and, at the same time, the elec-
trode can have a relatively low specific resistance (e.g.,
about 20 n.Q-cm or less).

[0011] Also, in one embodiment, the second layer fur-
ther includes a surface treatment agent that protects the
Al material from oxidation. Furthermore, in one embodi-
ment, the first layer formed into the electrode also has a
portion extending out from the electrode that is oxidized
to form the light absorbable layer, thereby simplifying the
manufacturing process.

[0012] Another embodiment of the present invention
is directed toward a PDP substrate structure including a
substrate, an electrode on the substrate, and a light ab-
sorbable layer on the substrate. In one embodiment, the
light absorbable layer is an oxidization product of the con-
ductive material of the first layer. The electrode includes
a first layer having a conductive material that has a lower
specific resistance than that of the second layer and a
second layer comprising an aluminum (Al) material. The
first layer is between the substrate and the second layer.
[0013] In one embodiment, the second layer further
includes a surface treatment agent that protects the Al
material from oxidation, specifically the Al material is cov-
ered with the surface treatment agent. In one embodi-
ment, the surface treatment agent includes cellulose
ether and the Al material includes sintered Al particles.

[0014] The conductive material of the first layer may
include copper (Cu) or nickel (Ni). In one embodiment,
the light absorbable layer is substantially black in color
and acts as an insulator for protecting the electrode from
an electrical short circuit. The electrode may have a spe-
cific resistance of about 20 nQ-cm or less.

[0015] According to one embodiment of the present
invention, there is provided a PDP that includes a first
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substrate, a second substrate facing the first substrate,
a first electrode on the first substrate, extending along a
first direction, and including a first layer and a second
layer, the second layer having an aluminum (Al) material,
the first layer being between the first substrate and the
second layer and including a conductive material having
lower specific resistance than that of Al, a light absorb-
able layer on the first substrate and adjacent to the first
electrode, the light absorbable layer being an oxidization
product of the conductive material of the first layer, a
dielectric layer on the first substrate to cover the first elec-
trode and the light absorbable layer, and a second elec-
trode spaced apart from the first electrode and on the
second substrate, and extending along a second direc-
tion crossing the first direction.

[0016] Inone embodiment, the PDP further includes a
third electrode between the first substrate and the first
electrode and extending in the first direction. The third
electrode may be a transparent electrode. The first elec-
trode may be a bus electrode on the transparent elec-
trode, and the second electrode may be an address elec-
trode.

[0017] In another embodiment, the PDP further in-
cludes a barrier rib between the first electrode and the
second electrode, where the light absorbable layer cor-
responds in position to a portion of the barrier rib extend-
ing in the first direction to overlap with the portion of the
barrier rib extending in the first direction. The second
layer may further include a surface treatment agent for
protecting the Al material from oxidation, where the Al
material includes sintered Al particles.

[0018] According to another embodiment of the
present invention, there is provided a method of manu-
facturing a PDP substrate structure. The methodincludes
forming a first conductive layer on a substrate having a
conductive material having lower specific resistance than
that of aluminum (Al), forming a second conductive layer
onthefirstconductive layer having an Al material, forming
a second conductive layer pattern by patterning the sec-
ond conductive layer to expose a first portion of the first
conductive layer, forming an electrode by sintering a
second portion of the first conductive layer covered by
the second conductive layer pattern to combine the sec-
ond portion of the first conductive layer with the second
conductive layer pattern, and forming a light absorbable
layer by oxidizing the first portion of the first conductive
layer exposed by the second conductive layer pattern.
[0019] In one embodiment, the forming of the second
conductive layer includes forming an Al liquid composi-
tion that includes Al particles and a surface treatment
agent for protecting the Al particles from oxidation. The
amount of the Al particles may range from about 18 to
about 40.8 (or from 18 to 40.8) parts by weight in the
second conductive layer. The amount of the surface
treatment agent may range from about 3 to about 34 (or
from 3 to 34) parts by weight in the second conductive
layer. The amount of the Al particles may range from
about 30 to about 60 (or from 30 to 60) parts by weight
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based on 100 parts by weight of the Al liquid composition.
The amount of the surface treatment agent may range
from about 5 to about 50 (or from 5 to 50) parts by weight
based on 100 parts by weight of the Al liquid composition.
[0020] Inanother embodiment, the second conductive
layer is formed from an Al liquid composition thatincludes
a mixture of Al particles and a surface treatment agent
at an amount ranging from about 60 to about 68 (or from
60 to 68) parts by weight, glass frits at an amount ranging
from about 2.5 to about 5.5 (or from 2.5 to 5.5) parts by
weigh, and a vehicle at an amount ranging from about
15.5 to about 37.5 (or from 15.5 to 37.5) parts by weight.
[0021] According to yet another embodiment of the
present invention, the method of manufacturing a PDP
substrate structure includes forming a first conductive
layer on a substrate that includes a conductive material,
forming a second conductive layer on the first conductive
layer that includes an Al material, forming a second con-
ductive layer pattern by patterning the second conductive
layer to expose a first portion of the first conductive layer
forming an electrode by sintering a second portion of the
first conductive layer covered by the second conductive
layer pattern to combine the second portion of the first
conductive layer with the second conductive layer pat-
tern, the electrode having specific resistance lower than
20 nQ-cm, and forming a light absorbable layer by oxi-
dizing the first portion of the first conductive layer ex-
posed by the second conductive layer pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and other features of embodiments
of the invention are set out in the appended claims.
[0023] The accompanying drawings, together with the
description, illustrate embodiments of the present inven-
tion, and serve to explain the principles of the present
invention.

[0024] FIGS. 1-5 are sectional schematic views illus-
trating a method of manufacturing a PDP substrate struc-
ture for a plasma display panel (PDP), according to an
embodiment of the present invention;

[0025] FIG. 6 shows an image showing oxidation re-
sults of a first conductive layer including Cu and oxidation
results of a second conductive layer including Al and a
surface treatment agent;

[0026] FIGS. 7-12 are sectional schematic views illus-
trating a method of manufacturing a PDP substrate struc-
ture, according to another embodiment of the present
invention;

[0027] FIG. 13 is an exploded perspective schematic
view of a PDP including a PDP substrate structure man-
ufactured utilizing the method illustrated in FIGS. 7-12,
according to an embodiment of the presentinvention; and
[0028] FIG. 14 is a sectional view taken along a line
1-1 of the PDP illustrated in FIG. 13, according to an
embodiment of the present invention.
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DETAILED DESCRIPTION

[0029] In the following detailed description, only cer-
tain embodiments of the presentinvention are shown and
described, by way of illustration. As those skilled in the
art would recognize, the invention may be embodied in
many different forms and should not be construed as
being limited to the embodiments set forth herein. Also,
inthe context of the present application, when an element
is referred to as being "on" another element, it can be
directly on another element or be indirectly on another
element with one or more intervening elements inter-
posed therebetween. Like reference numerals designate
like elements throughout the specification.

[0030] Hereinafter, a substrate structure for a plasma
display panel (PDP), a method of manufacturing a PDP
substrate structure of the PDP, and a PDP including the
PDP substrate structure will be described in more detail
with reference to the accompanying drawings, in which
embodiments of the invention are shown.

[0031] A method of manufacturing a PDP substrate
structure, according to an embodiment of the present in-
vention, and a PDP substrate structure manufactured us-
ing the method will now be described in more detail with
reference to FIGS. 1-5. FIGS. 1-5 are sectional schemat-
ic views illustrating a method of manufacturing a PDP
substrate structure for a plasma display panel (PDP), ac-
cording to an embodiment of the present invention.
[0032] Referringto FIG. 1, a glass substrate 10 is pro-
vided and a first conductive layer 21 is formed on the
glass substrate 10. The first conductive layer 21 includes
a conductive material that has lower specific resistance
than that of aluminum (Al). A second conductive layer 25
(FIG. 2), which is to be formed later on the first conductive
layer 51 includes Al. Accordingly, the specific resistance
of Al included in the second conductive layer 25 can be
compensated by the conductive material included in the
first conductive layer 21. The conductive material may
be a black conductive material, such as copper (Cu). The
conductive material may also be nickel (Ni), which has a
higher specific resistance than Al.

[0033] In one embodiment of the present invention,
specific techniques and additives are used to reduce the
specific resistance of a PDP electrode after sintering.
Here, in the context of the present embodiment, the spe-
cific resistance is referred to as a measurement of resist-
ance per unit area and per unit volume of an electrode.
[0034] The first conductive layer 21 can be formed uti-
lizing various suitable methods. For example, afirst paste
including the conductive material may be printed on the
glass substrate 10 followed by exposure and develop-
ment processes to form a desirable pattern. Other exam-
ples of applying the first paste onto the glass substrate
include, but are not limited to, screen printing, off-set
printing, and/or ink-jet printing. The first paste may in-
clude conductive material powders, glass frits, and/or a
vehicle (or vehicles) utilized for exposure and develop-
ment processes. The vehicle may include a photo initia-
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tor, a crosslinking agent, and a binder.

[0035] As such, the first conductive layer 21 having a
desirable pattern can be formed by suitable printing, ex-
posing and/or developing processes. After the first con-
ductive layer 21 is formed (or coated), the second con-
ductive layer 25 can be coated thereon and exposed.
The exposed first conductive layer 21 and the exposed
second conductive layer 25 can be developed at the
same time (or substantially the same time). The exposure
and development processes will be described in more
detail later.

[0036] In one embodiment, the first conductive layer
21 on the glass substrate 10 is formed utilizing pellets
including the conductive material. In another embodi-
ment, the pellets further include glass frits. The pellets
may be deposited on the substrate by various deposition
methods such as sputtering or an electron-beam evap-
oration method.

[0037] Inone embodiment ofthe presentinvention, the
first conductive layer 21 includes any suitable conductive
material having a specific resistance lower than that of
Al. Therefore, materials for forming the first conductive
layer 21 and methods of forming the first conductive layer
21 are not limited to those described above but rather
can be any suitable method and material in any suitable
amount that is suitable for forming the first conductive
layer 21. For example, the method of forming the first
conductive layer 21 with the conductive material having
the suitable composition ratio can be any suitable known
method or a method that can be derived from the known
method.

[0038] In one embodiment, the first electrode layer 21
has a region that is formed into an electrode 20 and a
region that is formed into a light absorbable layer 22 (FIG
5).

[0039] Referring to FIG. 2, a second conductive layer
25 is formed with a second paste on the first conductive
layer 21. The second paste may contain 60 to 68 parts
by weight of an Al liquid composition, which includes Al
and a surface treatment agent that is not combustible at
550°C or higher, 2.5 to 5.5 parts by weight of glass frit,
and 15.5 to 37.5 parts by weight of a vehicle.

[0040] Specifically, the second paste is applied to the
firstconductive layer 21 and then dried to form the second
conductive layer 25.

[0041] As described above, the Al liquid composition
includes Al and a surface treatment agent that is not com-
bustible at 550° or higher.

[0042] Generally, as the particle radius of Al particles
increases, the specific resistance of Al reduces. There-
fore, interms of specific resistance, utilizing large particle
sizes of Al particles (or large Al particles) would appear
to be useful. However, large Al particles tend to create a
PDP electrode with a porous surface and, as a result,
discharge gas may flow through. This is referred to as a
leak phenomenon. Due to these reasons, in certain em-
bodiments of the present invention, an average patrticle
radius of Al particles included in the Al liquid composition
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is in a range of 5 um or less.

[0043] That is, in one embodiment of the present in-
vention, most Al particles included in the Al liquid com-
position have a radius of 5 pm or less. Specifically, as
long as the leak phenomenon does not occur, most of
the Al particles included in the Al liquid composition may
have aradius of 5 pm or less. Herein, in one embodiment,
the phrase "an average particle radius of Al included in
the Al liquid composition may be in a range of 5 um or
less" should not be construed as that all the particles Al
particles have aradius of 5 wm or less, or that the average
radius of all Al particles is 5 um or less. That is, the Al
liquid composition caninclude Al particles having aradius
greater than 5 wm in a small or trace amount so long as
the leak phenomenon does not occur.

[0044] In another embodiment, all the particles Al par-
ticles have a radius of 5 um or less. In yet another em-
bodiment, the average radius of all Al particles is 5 pm
or less.

[0045] The amount of Al may be in a range of about
18 to about 40.8 (or from 18 to 40.8) parts by weight in
the second paste. In one embodiment, if the amount of
Alis less than 18 parts by weight , it is difficult to prepare
the second paste as the viscosity and solid-content den-
sity of the paste decrease, thereby forming voids on the
second conductive layer 25 (FIG 2). In another embodi-
ment, if the amount of Al is greater than 40.8 parts by
weight, hydrogen gas and/or explosion may occur due
to inter-reactions of the Al particles that may occur during
the second paste preparation process. Moreover, too
much Al can reduce light rays from passing through the
second conductive layer 25, and thus resulting in insuf-
ficient crosslinking and an undesirable pattern formation.
[0046] The surface treatment agent is not combustible
at a sintering temperature or higher and remains in its
original state when a PDP electrode is manufactured by
photolithography. Since the second paste is sintered at
550°C or higher, the surface treatmentagentis preferably
not combustible at 550°C or higher and remains in its
original state. In some embodiments, the surface treat-
ment agent itself can remain on the surface of Al particles
without evaporationin the sintering process. In some cas-
es, however, decomposition products of the surface
treatment agent can remain on the surface of Al particles.
[0047] The surface treatment agent may be cellulose
ether prepared by etherifying a hydroxyl group of cellu-
lose. Not limiting examples of suitable cellulose ethers
include methylcellulose, ethylcellulose, hydroxyethylcel-
lulose, benzylcellulose, tritylcellulose, cyanoethylcellu-
lose, carboxymethylcellulose, carboxyethylcellulose,
aminoethylcellulose, a derivative thereof that is not com-
bustible at 550°C or higher and so forth. Specifically, the
surface treatment agent may be any suitable ethylcellu-
lose having high heat stability characteristics or deriva-
tives thereof.

[0048] The amount ofthe surface treatment agent may
be in a range of about 3 to about 34 (or 3 to 34) parts by
weight in the second paste. In one embodiment, if the
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amount of the surface treatment agentis less than 3 parts
by weight, it is difficult to prepare the second paste. In
another embodiment, if the amount of the surface treat-
ment agent is greater than 34 parts by weight, Al may be
oxidized when the sintering process is performed to form
a PDP electrode.

[0049] The Al liquid composition may further include a
dispersantand a solvent. The dispersant facilitates stable
dispersion of Al particles, and hinders agglomeration or
precipitation of Al particles. The dispersant may include
a compound that has a functional group having a polarity
and affinity for other suitable polar surfaces, and/or a
polymer compound, but is not limited thereto. The func-
tional group may be a carboxylic group, a hydroxyl group,
and/or an acid ester group. The solventis used to prepare
the Alliquid composition, and can be any suitable organic
or inorganic solvent. Non-limiting examples of suitable
solvents include ketones, alcohols, ether-based alco-
hols, saturated aliphatic monocarboxylic acid alkyl es-
ters, lactic acid esters, ether-based esters, combinations
thereof, etc.

[0050] Inaddition, the Alliquid composition may further
include an additive, such as antioxidants, optical stabi-
lizers, ultraviolet (UV) absorbers, lubricants, pigments,
or flame retardants. Any suitable amount of the additive
may be used so long as it does not interfere with the
sintering process. That is, in one embodiment, the addi-
tive will not have any adverse impact on the surface treat-
ment agent such that the agent and/or its decomposition
products can remain on the surface of Al particles, spe-
cifically on the surface of Al particles that form a surface
of the PDP electrode after being exposed to the sintering
process. In one embodiment, the amount of the additive
is about 5 parts by weight or less.

[0051] The amount of the Al liquid composition may be
inarange of 60 to 68 parts by weight. Inone embodiment,
if the amount of the Al liquid composition is less than 60
parts by weight, voids can form on the PDP electrode
forming from the second paste. In another embodiment,
if the amount of the Al liquid composition is greater than
68 parts by weight, hydrogen gas and/or explosions may
occur due to inter-reactions of the Al particles.

[0052] The glass frit helps with Al particles necking.
Nonlimiting examples of suitable glass frits include Pb,
B, Si, Bi, P, Li, Zn, Ba, and Sn. Specifically, the glass frit
may be a mixture of oxides of the metals described
above, such as Bi,03-B,05-based  oxides,
Bi,03-B,05-Zn0O-based oxides, P,05-SnO-ZnO-based
oxides, or B,O3-SnO-BaO-based oxides. The glass frit
usually exists in powder form.

[0053] The amount of the glass frit may be in a range
of 2.5 to 5.5 parts by weight. In one embodiment, if the
amount of the glass frit is less than 2.5 parts by weight,
resistance of the PDP electrode may increase and the
adhesive force of the PDP electrode may reduce, due to
insufficient liquid material for particles necking. In another
embodiment, if the amount of the glass fritis greater than
5.5 parts by weight, the Al particles may conglomerate



9 EP 2 144 269 A2 10

or form an island, resulting in a second conductive layer
with a high resistance.

[0054] The vehicle, which is used in the photolithogra-
phy process, may include a photo initiator, a crosslinking
agent, and a binder.

[0055] The photo initiator can be any suitable com-
pound that generates radicals in the photolithography
process and initiates crosslinking reactions of the
crosslinking agent. Nonlimiting examples of suitable pho-
to initiators include benzophenone, 4,4-bis(dimethylami-
no)benzophenone, 4,4-bis (diethylamino) benzophe-
none, 2,2-diethoxyacetophenone, 2,2-dimetoxy-2-phe-
nyl-2-phenylacetophenone, 2-methyl-[4-methylthio phe-
nyl]-2-morpolynopropane-1-on,  2-benzyl-2-dimethyl-
amino-1- 4-morpolynophenyl -1-butanone, bis 2,6-
dimethoxybenzoyl -2,4,4-trimethylpentylphosphineox-
ide, bis 2,4,6-trimethylbenzoyl phenylphosphineoxide,
and combinations thereof.

[0056] The amount of the photo initiator may be in a
range of about 0.01 to about 4.5 (or from 0.01 to 4.5)
parts by weight based on 100 parts by weight of the ve-
hicle. In one embodiment, if the amount of the photo in-
itiator is less than 0.01 parts by weight based on 100
parts by weight of the vehicle, exposure sensitivity of the
second paste may degrade. In another embodiment, if
the amount of the photo initiator is greater than 4.5 parts
by weight based on 100 parts by weight of the vehicle,
the line width of an exposed portion may be small or an
unexposed portion may not develop, and thus accurate
electrode patterns may not be obtained.

[0057] The crosslinking agent may be any suitable
compound that can participate in aradical polymerization
reaction initiated by the photo initiator. The crosslinking
agent may be, for example, a single-functional or multi-
functional monomer. Specifically, the use of the multi-
functional monomers is desirable to improve the expo-
sure sensitivity of the second paste. Nonlimiting exam-
ples of suitable multi-functional monomers include dia-
crylates, such as ethyleneglycoldiacrylate (EGDA); tria-
crylates, such as trimethylolpropantriacrylate (TMPTA),
trimethylolpropanethoxyratetriacrylate (TMPEOTA), or
pentaerisritoltriacrylate; tetraacrylates, such as tetrame-
thylolpropantetraacrylate or pentaerisritoltetraacrylate;
hexaacrylates such as dipentaerisritolhexaacrylate
(DPHA); and combinations thereof.

[0058] The amount of the crosslinking agent may be
in a range of 0.01 to 2.0 parts by weight based on 100
parts by weight of the vehicle. In one embodiment, if the
amount of the crosslinking agent is less than 0.01 parts
by weight based on 100 parts by weight of the vehicle,
in an exposure process, the exposure sensitivity of the
second paste may degrade. As a result, in the develop-
ment process, the electrode pattern may have defects.
In another embodiment, if the amount of the crosslinking
agent is greater than 2.0 parts by weight based on 100
parts by weight of the vehicle, the line width of an exposed
portion after the development process may increase and
accurate electrode patterns cannot be obtained. Moreo-
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ver, after the sintering process, residue may form in the
vicinity of the electrode.

[0059] The binder enables the second paste to have
an appropriate viscosity when the second paste is coated
on the first conductive layer 21. Therefore, printing char-
acteristics of the second paste and necking characteris-
tics of the Al particles can be improved. Further, the bind-
er helps the Al particles to be better attached to the first
conductive layer 21 or the glass substrate 10. The binder
may be a polymer that can be crosslinked by the photo
initiator and can be easily removed in the development
process. Nonlimiting examples of suitable binders in-
clude monomers containing a carboxyl group, monomers
containing a hydroxyl group, and polymerizable mono-
mers. Nonlimiting examples of suitable monomers con-
taining a carboxyl group include acetate, metacetate, fu-
maric acid, crotonic acid, itaconic acid, cytraconic acid,
mesaconic acid, cinnamic acid, succinic acid mono
(2-(meth)acryloyloxyethyl),  w-carboxy-polycaprolac-
tonemono(meth)acrylate, and so forth. Nonlimiting ex-
amples of suitable monomers containing a hydroxyl
group include a hydroxyl group-containing monomers,
such as (meth)acetate 2-hydroxyethyl, (met)acetate2-
hydroxypropyl, or (met)acetate3-hydroxypropyl; and a
phenolic hydroxyl group-containing monomers such as
o-hydroxystyrene, m-hydroxystyrene, or p-hydroxysty-
rene. Nonlimiting examples of suitable initial polymeriz-
able monomers include (met)acetate esters, such as
(met)acetatemethyl, (met)acetateethyl, (met)acetate n-
butyl, (met)acetate n-lauryl, (met)acetate benzyl, glycidyl
(met)acrylate, dicycloropentanyl(met)acrylate, etc.; aro-
matic vinyl monomers such as styrene, a-methyl styrene,
etc.; conjugated dienes such as butadiene, isoprene,
etc.; and macromonomers having (met)acryloyl group,
which is a polymerization unsaturated group at an end
of a polymerization chain, such as polystyrene, poly(met)
acetatemethyl, poly(met)acetateethyl, poly(met)acetate
benzyl, etc.

[0060] The amount of the binder may be in a range of
0.05 to 5.0 parts by weight based on 100 parts by weight
of the vehicle. In one embodiment, if the amount of the
binder is less than 0.05 parts by weight based on 100
parts by weight of the vehicle, the second paste may be
easily separated from the PDP substrate or the PDP elec-
trode during the exposure and development processes.
In another embodiment, if the amount of the binder is
greater than 5.0 parts by weight based on 100 parts by
weight of the vehicle, the development process may be
inefficiently performed.

[0061] The vehicle may further include a solvent, and
an additive according to the purpose of use. The solvent
may be an organic or inorganic solvent that is commonly
used in the art. Nonlimiting examples of suitable solvents
include ketones, alcohols, ether-based alcohols, alkyl es-
ters of saturated aliphatic monocarboxylic acid, lactic ac-
id esters, ether-based esters, and combinations thereof.
The additive may be a dispersant that disperses Al par-
ticles, a sensitizer that improves sensitivity, a polymeri-
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zation inhibitor and an antioxidant that improve stability
of the electrode forming composition, a UV absorber that
improves resolution, an anti-foaming agent that reduces
formation of bubbles in a paste, a leveling agent that im-
proves planarization properties of a printed film, or a plas-
ticizer that imposes thixotropic properties. The additive
does not have to be used in all cases. However, it can
be used when necessary, and when it is used, the
amounts of the additive may be appropriately determined
based on the amounts that are generally known in the art.
[0062] The amount of the vehicle may be in a range of
15.5 to 37.5 parts by weight in the second paste. In one
embodiment, if the amount of the vehicle isless than 15.5
parts by weight, the vehicle may affect the viscosity of
the second paste, therefore good printing characteristics
cannot be obtained and exposure sensitivity of the sec-
ond paste may be degraded. In another embodiment, if
the amount of the vehicle is greater than 37.5 parts by
weight, the amount of Al particles is accordingly reduced.
In such cases, the conductive layer may shrink too much
during the sintering process, resulting in void formations
on the PDP electrode forming from the second paste.
[0063] Referringto FIG. 3, there is shown an exposure
mask 30 disposing above and spacing apart from the
second conductive layer 25. The whole assembly is sub-
jected to an exposure process. The exposure mask 30
is used to form electrodes. The mask has a pattern that
selectively exposes the second conductive layer 25, spe-
cifically, a pattern that exposes portions of the second
conductive layer 25, which are formed into electrodes
later on. When radioactive rays 40 that are not selectively
blocked by the exposure mask 30, the rays irradiated
through and reached the binder and the second conduc-
tive layer 25 crosslinking agent. As a result, the second
conductive layer 25 is hardened by the photo initiators.
The exposure process can be performed with any suita-
ble exposure device that emits radioactive rays, such as
visible rays, UV rays, far infrared rays, electronic rays,
or X rays.

[0064] The exposed second conductive layer 25 is de-
veloped such that exposed portions of the second con-
ductive layer 25 remain and any unexposed portion of
the second conductive layer 25 is removed, thereby form-
ing a second conductive layer pattern 26, as illustrated
in FIG. 4. In the development process, a developing so-
lution is used, which can be an alkaline solution including
a base. Nonlimiting examples of suitable base include
inorganic alkaline compounds such as lithium hydroxide,
sodium hydroxide, potassium hydroxide, sodium hydro-
gen phosphate, diammonium hydrogen phosphate, di-
potassium hydrogen phosphate, disodium hydrogen
phosphate, ammonium dihydrogen phosphate, potassi-
um dihydrogen phosphate, sodium dihydrogen phos-
phate, lithium silicate, sodium silicate, potassium silicate,
lithium carbonate, sodium carbonate, potassium carbon-
ate, lithium borate, sodium borate, potassium borate, and
ammonia; and an organic alkaline compound, such as
tetramethylammoniumhydroxide, trimethylhydroxyethyl-
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ammoniumhydroxide, monomethylamine, dimethyl-
amine, trimethylamine, monoethylamine, diethylamine,
triethylamine, monoisopropylamine, diisopropylamine,
or ethanolamine. The developing solutions described
above are just examples of various suitable developing
solutions that can be used according to the present in-
vention and are not limited to the compounds described
above.

[0065] The development process may be performed
in conditions that are known in the art. Specifically, the
types or concentrations of the developing solution, the
development time periods, temperatures, methods, and
devices used may be the same (or substantially the
same) as those used and generally known in the art. The
development method may be performed by dipping,
shaking, showering, spraying, and/or paddling. In gen-
eral, awashing process is performed after a development
process is completed. In an embodiment of the present
invention, after the development process is completed,
a washing process may be performed to remove unde-
sirable residue that may be present on a side of the sec-
ond conductive layer pattern 26, on an exposed portion
of the first conductive layer 21, and/or on an exposed
portion of the glass substrate 10.

[0066] The second conductive layer pattern 26 expos-
es a portion of the first conductive layer 21.

[0067] The exposure process that is used in the em-
bodiment of the present invention as shown is a positive
exposure process. However, the present invention is not
limited to the positive exposure process. For example, a
negative exposure process can also be used based on
the type of photo initiator, binder and crosslinking agent.
[0068] In one embodiment, the sintering process is
performed at a temperature of 550°C to 650°C for about
10 minutes to about 3 hours in a reducing or oxidizing
atmosphere.

[0069] Referringto FIGS. 4and 5, in the sintering proc-
ess, portions of the first conductive layer 21 that are cov-
ered by the second conductive layer pattern 26 are com-
bined with the second conductive layer pattern 26 to form
an electrode 20, and the portion of the first conductive
layer 21 that is exposed by the second conductive layer
pattern 26 is oxidized to form a light absorbable layer 22.
[0070] In one embodiment, the electrode 20 includes
a composite including the conductive material, Al and
glassfrit. Inanother embodiment, the electrode 20 further
includes a surface treatment agent that is not combusted
in the sintering process and remains on Al particles. Due
to presence ofthe surface treatment agent on Al particles,
oxidation of Al particles can be reduced or prevented in
the sintering process. When the sintering process is com-
pleted, Al has a specific resistance of about 20 p.Q-cm
or less. Generally, the lower the specific resistance of an
electrode forming material, the higher its conductivity will
be. In one embodiment, the Al has a specific resistance
of about 20 nQ-cm or less, which is less than conven-
tional Al, which has a specific resistance of about 100
rQ-cm or more.
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[0071] The light absorbable layer 22 is formed by ox-
idizing the portion of the first conductive layer 21 that is
exposed by the second conductive layer pattern 26. The
light absorbable layer 22 includes an oxidization product
of the conductive material. The oxidization product is a
high insulating material and prevents (or protects from)
shorts of the electrode 20. The conductive material may
be a black conductive material, specifically, a black met-
al. When the conductive material is black, the oxidation
product of the conductive material is also black and thus,
the light absorbable layer 22 can absorb external light.
In the context of the present embodiment, the light ab-
sorbable layer 22 is also referred to as a black matrix.
[0072] According to an embodiment of the present in-
vention, the electrode 20 includes Al that is relatively in-
expensive and is not a noble metal, and is formed utilizing
a photolithographic method that does not require an ex-
pensive apparatus. In addition, specific resistance of the
Al can be compensated by further forming a black con-
ductive layer. Furthermore, the black conductive layer is
formed into the electrode 20 and, at the same time (or
substantially the same time), oxidized to form the light
absorbable layer 22, thereby simplifying the manufactur-
ing process. Therefore, by using such an inexpensive
material, an inexpensive apparatus, and a simple man-
ufacturing process, the yield can be increased.

[0073] Hereinafter, an experimental example in which
a first conductive layer and a second conductive layer
are formed and sintered to form a PDP electrode and a
light absorbable layer will be described.

Preparation of first paste

[0074] 62.0 g of copper powder, 4.0 g of glass frit, 2.0
ml of a photo initiator, 5.0 ml of a crosslinking agent, 2.0
ml of a binder, and 5 ml of a dispersant were added to
200 ml of ethanol and the mixture was stirred.

[0075] The obtained mixture was further mixed and
dispersed with a stirrer, and the resultant mixture was
filtered and degassed to form a first paste.

[0076] The glassfritwas amixture of SiO,, PbO, Bi, O3,
ZnO and BaO, the photo initiator was 2,2-dimethoxy-2-
phenyl-2-phenylacetophenone, and the crosslinking
agent was tetramethylolpropane tetraacrylate. The bind-
erwas a mixture of a methylmethacrylate/methacrylic ac-
id (MMA/MAA)copolymer, hydroxypropyl cellulose
(HPC), ethylcellulose (EC), and poly isobutyl methacr-
ylate (PIBMA).

Preparation of second paste

[0077] 1000 g ofan Alliquid composition was prepared
using 600 g of aluminum powder, 50 g of ethylcellulose
(EC) and 350g of ethyl alcohol. The aluminum powder
contained aluminum particles having an average patrticle
size of 5 um. The ethanol contained 0.4 € of dispersant
Disperbyk-190 (from BYK).

[0078] Then, 1000 g of the Al liquid composition, 50 g
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of glass frit, 3.5 g of a photoinitiator, 3.5 g of a cross-
linking agent, and 16.5 g of a binder were added to 326.5
ml of ethyl alcohol and agitated. A mixture of SiO,, PbO,
Bi,O5, ZnO, and BaO was used as the glass frit. 2,2-
dimethoxy-2-phenyl-2-phenyl acetophenone was used
as the photoinitiator. Tetramethylolpropane tetraacrylate
was used as the cross-linking agent. Also, a mixture of
methyl methacrylate/methacrylate (MMA/MAA) copoly-
mer, hydroxypropyl cellulose (HPC), ethylcellulose (EC),
and poly(isobutyl methacrylate) (PIBMA) was used as
the binder.

[0079] Then, agitation and dispersion were further per-
formed in an agitator, and then filtering and degassing
processes were performed to manufacture a second
paste.

Preparation of electrode and light absorbable layer

[0080] A glass substrate (10cmXx10cm) was washed
and dried. Then, the first paste was applied to a portion
of the glass substrate, and the second paste was applied
to another portion of the glass substrate. The glass sub-
strate was then dried in an oven at 100°C for 15 minutes
to form a first conductive layer and a second conductive
layer. An exposure mask having a stripe pattern was
placed above the first conductive layer and the second
conductive layer, and then 450 mJ/cm?2 of ultraviolet (UV)
rays were irradiated onto the structure from a high-pres-
sure Hg lamp. Then 0.4 wt.% of a sodium carbonate so-
lution at a temperature of 35°C was ejected through a
nozzle for 25 seconds at an ejection pressure of 1.5
kgflcm2. As a result, each of the first conductive layer
and the second conductive layer was patternedin a stripe
form. A sintering process was then performed in an elec-
tric sintering furnace at 580°C for 15 minutes. As aresult,
the first conductive layer was oxidized and a light absorb-
able layer was formed, and the second conductive layer
was not oxidized and a PDP electrode was formed. Re-
ferring to FIG. 6, the image on the left shows the oxidation
results of the first conductive layer and the image on the
right shows the oxidation results of the second conduc-
tive layer. As can be seen in FIG. 6, the first conductive
layer was turned into a black metal oxide layer, and the
second conductive layer was turned into a PDP electrode
that is conductive.

[0081] A method of manufacturing a PDP substrate
structure, according to another embodiment of the
present invention, and a PDP substrate structure manu-
factured using the method will now be described in detail
with reference to FIGS. 7-12.

[0082] Referring to FIG. 7, a plurality of transparent
electrodes 120 are formed on a glass substrate 110. The
transparent electrodes 120 are formed in a stripe pattern.
The transparent electrodes 120 are separated by first
intervals W1, second intervals W2, or both. Adjacent
transparent electrodes 120 separated by the first interval
W1 causes a display discharge in a discharge cell. A light
absorbable layer 140 (FIG. 12) will be formed later on a
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portion of the glass substrate 110 corresponding to the
second interval W2 between adjacent transparent elec-
trodes 120. The transparent electrodes 120 may be
formed of a light transmissible conductive material, such
as indium tin oxide (ITO).

[0083] Referring to FIG. 8, a first paste P1 is applied
over the transparent electrodes 120 disposed on the
glass substrate 110. The first paste P1 includes a black
conductive material, such as Cu. The black conductive
material may be a solid-state conductive powder and fur-
ther include glass frits to bind particles of the conductive
material, a photosensitive material that is used in a pho-
tolithography process, a solvent, and various suitable ad-
ditives. The photosensitive material includes a photo in-
itiator, a crosslinking agent and a binder.

[0084] The first paste P1 is applied with a roller 300,
which provides pressure to completely coat and fill the
spaces between the transparent electrodes 120.

[0085] The applied first paste P1 is dried to form a first
conductive layer 131.

[0086] Referringto FIG. 9, an exposure process is per-
formed on the first conductive layer 131 with a first ex-
posure mask 310. The first exposure mask 310 has pat-
terns for allowing certain regions to be formed into bus
electrodes and regions to be formed into light absorbable
layers, which are exposed to the light source. Since the
bus electrodes and the light absorbable layers are formed
in the shape of stripe patterns, the patterns of the first
exposure mask 310 may correspond to the stripe pat-
terns of the bus electrodes and the light absorbable lay-
ers.

[0087] The exposed regions 132 of the first conductive
layer 131 are hardened because a crosslinking agent, a
binder, and a photo initiator cause a polymerization re-
action to occur. The exposed regions 132 correspond to
the regions that are to be formed into bus electrodes and
the regions that are to be formed into light absorbable
layers.

[0088] Referring to FIG. 10, after the first conductive
layer 131 is exposed, a second paste is applied thereto
and dried to form a second conductive layer 133. The
second paste includes an Al liquid composition including
Al and a surface treatment agent, glass frit, and a vehicle
that is utilized in a photolithography process. The vehicle
includes a photo initiator, a crosslinking agent, and a
binder. The composition of the second paste is the same
(or substantially the same) as the second paste as de-
scribed above.

[0089] An exposure process is performed on the sec-
ond conductive layer 133 with a second exposure mask
320. The second exposure mask 320 has stripe patterns
so that regions to be formed into bus electrodes are ex-
posed to a light source.

[0090] The exposed regions 134 of the second con-
ductive layer 133 are hardened because of the polymer-
ization reaction of a crosslinking agent, a binder, and a
photo initiator.

[0091] Whenthe exposure processiscompleted, ade-

10

15

20

25

30

35

40

45

50

55

velopment process is performed with an alkaline devel-
oping solution to form, as illustrated in FIG. 11, a first
conductive layer pattern 132" and a second conductive
layer pattern 134'. That is, the exposed regions 132 of
the first conductive layer 131 of FIG. 10 and the exposed
regions 134 of the second conductive layer 133 of FIG.
10 are respectively formed into the first conductive layer
pattern 132’ of FIG. 11 and the second conductive layer
pattern 134’ of FIG. 11.

[0092] The firstconductive layer pattern 132’ is formed
on end portions of adjacent transparent electrodes 120
and between the adjacent transparent electrodes 120.
The second conductive layer pattern 134’ is formed on
each of the end portions of the first conductive layer pat-
tern 132'. Specifically, the second conductive layer pat-
tern 134’ is formed on a portion of the first conductive
layer pattern 132’ in which the first conductive layer pat-
tern 132’ and end portions of the transparent electrode
120 overlap.

[0093] Inaddition, portions of the first conductive layer
pattern 132’ are covered by the second conductive layer
pattern 134’, and portions of the first conductive layer
pattern 132’ are exposed to the external environment.
The exposed portions of the first conductive layer pattern
132’ are to be formed into light absorbable layers.
[0094] After the first and second conductive layer pat-
terns 132’ and 134’ are patterned as described above, a
sintering process is performed. During the sintering proc-
ess, the portions of the first conductive layer pattern 132’
that are covered by the second conductive layer pattern
134’ are not oxidized, and the portions of the first con-
ductive layer pattern 132’ that are not covered by the
second conductive layer pattern 134’ are oxidized, so
that the first conductive layer pattern 132’ has highly in-
sulating portions. The second conductive layer pattern
134’, although being exposed to the outside in the sin-
tering process, is not oxidized because the surface treat-
ment agent remains on the surface of Al particles of the
second paste. Since the second conductive layer pattern
134’ is not oxidized, it retains its conductivity. The second
conductive layer pattern 134’ is combined with the portion
of the first conductive layer pattern 132’ that is not oxi-
dized to form a bus electrode 130. As illustrated in FIG.
12, a portion of the first conductive layer pattern 132’
(FIG. 11) forms a lower layer 130a of a bus electrode
130, the second conductive layer pattern 134’ (FIG. 11)
forms an upper layer 130b of the bus electrode 130, and
another portion of the first conductive layer pattern 132’
(FIG. 11) that is exposed and oxidized forms a light ab-
sorbable layer 140.

[0095] The bus electrode 130 has a low specific resist-
ance of about 20 p.Q-cmorless due to a surface treatment
agent existing on a surface of Al particles, which is further
enhanced by the conductive material of the first conduc-
tive layer 131 (FIG. 8).

[0096] The light absorbable layer 140 is formed from
a highly insulating oxide and disposed between adjacent
bus electrodes 130 and between adjacent transparent
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electrodes 120, and thus, shorts of the PDP electrode
can be prevented (or reduced).

[0097] Asdescribed,the PDP substrate structure man-
ufactured utilizing the method according to the embodi-
ment of the present invention is part of a top panel of a
PDP through which light can be emitted to the outside.
The top panel of a PDP can then be manufactured by
further forming a dielectric layer and a protective layer
on the PDP substrate structure.

[0098] Hereinafter, the structure of a PDP including a
PDP top substrate structure manufactured as described
above will be described in more detail.

[0099] FIG. 13 is an exploded perspective schematic
view of a PDP including a PDP substrate structure man-
ufactured using the method described with reference to
FIGS. 7-12. FIG. 14 is a sectional schematic view taken
along a line 1-1 of the PDP illustrated in FIG. 13, accord-
ing to an embodiment of the present invention.

[0100] Referring to FIG. 13, the PDP includes a top
panel 100 through which light is emitted to the outside
and a bottom panel 200 that includes phosphors for emit-
ting light.

[0101] The top panel 100 includes a PDP substrate
structure manufactured using the method described with
reference to FIGS. 7-12.

[0102] Specifically, a plurality of transparent elec-
trodes 120 extend along a top glass substrate 110 in an
X direction, and a bus electrode 130 is disposed on each
transparent electrode 120, wherein the bus electrode 130
is parallel to the transparent electrode 120. The bus elec-
trode 130 has a double-layered structure, which includes
alower layer 130aformed of a conductive material having
lower specific resistance than Al and an upper layer 130b
formed using an Al liquid composition. A light absorbable
layer 140 is disposed between adjacent transparent elec-
trodes 120 and between adjacent bus electrodes 130.
The light absorbable layer 140 between adjacent bus
electrodes 130 corresponds to a top portion of a barrier
rib 240. The transparent electrodes 120, the bus elec-
trodes 130 and the light absorbable layer 140 are covered
by a top dielectric layer 150 and a protective layer 160
which are sequentially deposited on the top glass sub-
strate 110. The top dielectric layer 150 protects the bus
electrodes 130 and the transparent electrodes 120 from
direct collision with charge particles involved during dis-
charging. The protective layer 160 protects the top die-
lectric layer 150. The protective layer 160 can induce
emission of secondary electrons to activate the discharg-
ing.

[0103] In the bottom panel 200, a plurality of address
electrodes 220 extend along a bottom glass substrate
210 in a Y direction. The address electrodes 220 are
covered by a bottom dielectric layer 230, and the barrier
rib 240, which defines a plurality of discharge cells on
the bottom dielectric layer 230. A phosphorescent layer
250 is disposed in each discharge cell. Specifically, the
phosphorescent layer 250 is disposed on sidewalls of
the barrier rib 240 and on the dielectric layer 230. The
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phosphorescent layers 250 disposed in the discharge
cells may be different from each other. For example, the
phosphorescent layer 250 may be a red phosphorescent
layer, a green phosphorescent layer, or a blue phospho-
rescent layer.

[0104] Referring to FIG. 14, each discharge cell inde-
pendently emits light because the discharge cell is sep-
arated from neighboring discharge cells by the barrier rib
240. Specifically, each discharge cell includes a pair of
sustain electrodes X and Y, and an address electrode
220 crossing the pair of sustain electrodes X and Y. The
pair of sustain electrodes X and Y includes an X electrode
Xand a' electrode Y. The X electrode X includes an X
transparent electrode 120X and an X bus electrode 130X,
andthe Y electrode Y includes a Y transparent electrode
120Y and a Y bus electrode 130Y. Each of the X bus
electrode 130X and the Y bus electrode 130Y has a dou-
ble-layered structure including the lower layer 130a
formed of a conductive material having lower specific re-
sistance than Al and the upper layer 130b formed using
an aluminum liquid composition. Avoltage is alternatively
applied to the pair of sustain electrodes X and Y and
causes display discharging, and before the display dis-
charging occurs, an address discharge occurs between
the Y electrode Y and the address electrode 220. The
address discharge is a preset discharge by which priming
particles are accumulated in a discharge cell to be dis-
played so as to cause a display discharge to emit light
toward the outside.

[0105] According to embodiments of the present in-
vention described above, although being subjected to a
sintering process, the bus electrode 130 including a com-
posite of Al and glass frit in which a surface treatment
agent is present on a surface of Al particles can be ob-
tained. In addition, the bus electrode 130 further includes
a conductive material, such as Cu, so that the specific
resistance of Al can be compensated. Also, in various
embodiments, the formation of the bus electrode 130,
and oxidation of the conductive material for forming the
light absorbable layer 140 can occur at the same time
(or substantially the same time). Therefore, since the bus
electrode 130 and the light absorbable layer 140 can be
simultaneously (or concurrently) formed using inexpen-
sive Al through a photolithography process, the manu-
facturing process is simple and the yield can be in-
creased.

[0106] While the presentinvention has been described
in connection with certain exemplary embodiments, it is
to be understood that the invention is not limited to the
disclosed embodiments, but, on the contrary, is intended
to cover various modifications and equivalent arrange-
ments included within the scope of the appended claims,
and equivalents thereof.

Claims

1. A plasma display panel (PDP) substrate structure



10.

11.

19
comprising:

a first substrate;

afirstelectrode on the substrate and comprising
afirstlayer and a second layer, the second layer
comprising first conductive material, the first lay-
er being between the first substrate and the sec-
ond layer and comprising a second conductive
material, the first layer having lower specific re-
sistance than that of the second layer; and

a light absorbable layer on the substrate, the
light absorbable layer being an oxidization prod-
uct of the conductive material of the first layer.

A PDP substrate structure according to claim 1,
whereinthe second layer further comprises a surface
treatment agent for protecting the first conductive
material from oxidation.

A PDP substrate structure according to claim 2,
wherein the surface treatment agent comprises cel-
lulose ether.

A PDP substrate structure of claim 2 or 3, wherein
the first conductive material is covered with the sur-
face treatment agent.

A PDP substrate structure according to any preced-
ing claim, wherein the first conductive material com-
prises sintered particles.

A PDP substrate structure according to any preced-
ing claim, wherein the conductive material of the first
layer comprises copper (Cu) or nickel (Ni).

A PDP substrate structure according to any preced-
ing claim, wherein the light absorbable layer is sub-
stantially black in color.

A PDP substrate structure according to any preced-
ing claim, wherein the light absorbable layer is an
insulator for protecting the electrode from an electri-
cal short circuit.

A PDP substrate structure according to any preced-
ing claim, wherein the electrode has a specific re-
sistance of 20 nQ-cm or less.

A PDP structure according to any preceding claim,
wherein the first conductive material comprises alu-
minium (Al).

A method of manufacturing a plasma display panel
(PDP) substrate structure, the method comprising:

forming a first conductive layer on a substrate
comprising a conductive material having lower
specific resistance than that of aluminum (Al);
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12.

13.

14.

15.

16.

17.

20

forming a second conductive layer on the first
conductive layer comprising an Al material;
forming a second conductive layer pattern by
patterning the second conductive layer to ex-
pose a first portion of the first conductive layer;
forming an electrode by sintering a second por-
tion of the first conductive layer covered by the
second conductive layer pattern to combine the
second portion of the first conductive layer with
the second conductive layer pattern; and
forming a light absorbable layer by oxidizing the
first portion of the first conductive layer exposed
by the second conductive layer pattern.

A method according to claim 11, wherein the forming
of the second conductive layer comprises forming
an Al liquid composition comprising Al particles and
a surface treatment agent for protecting the Al par-
ticles from oxidation.

A method according to claim 12, wherein the Al par-
ticles are formed in an amount ranging from 18 to
40.8 parts by weight in the second conductive layer
and wherein the surface treatment agent is formed
in an amount ranging from 3 to 34 parts by weight in
the second conductive layer.

A method according to one of Claims 11to 13, where-
in the forming of the second conductive layer com-
prises forming: from about 60 to about 68 parts by
weight of an Al liquid composition, comprising Al par-
ticles and a surface treatment agent; from about 2.5
to about 5.5 parts by weight of glass frit; and from
about 15.5 to about 37.5 parts by weight of a vehicle.

A plasma display panel comprising:

a plasma display panel substrate structure ac-
cording to one of Claims 1 to 10;

a second substrate facing the first substrate;

a dielectric layer on the first substrate to cover
the first electrode and the light absorbable layer;
a second electrode spaced apart from the first
electrode and on the second substrate, and ex-
tending along a second direction crossing a first
direction in which the said first electrode ex-
tends.

A plasmadisplay panel according to claim 15, further
comprising a third electrode between the first sub-
strate and the first electrode and extending in the
first direction.

Aplasmadisplay panelaccordingto claim 16, where-
in: the third electrode is a transparent electrode; the
first electrode is a bus electrode on the transparent
electrode; and the second electrode is an address
electrode.
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18. A plasma display panel according to one of Claims
15to0 17, further comprising a barrier rib between the
first electrode and the second electrode, wherein the
light absorbable layer corresponds in position to a
portion of the barrier rib extending inthe firstdirection 5
to overlap with the portion of the barrier rib extending
in the first direction.
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