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(57) ABSTRACT 
A black paste contains an organic component and an inor 
ganic powder containing a glass powder and a cobalt oxide. 
A plasma display panel having a black layer made from the 
black paste, and methods for fabricating the black paste, the 
plasma display are also provided. 
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BLACK PASTE AND PLASMA DISPLAY PANEL 
AND METHOD FOR PREPARATION THEREOF 

TECHNICAL FIELD 

0001. The present invention relates to black pastes, 
plasma display panels, and fabrication methods thereof. In 
particular, the present invention relates to a black paste 
which is Suitable for use in a front panel of a display, Such 
as a plasma display, and capable of forming a black layer. 
The black layer can prevent electrodes and other associated 
components of a front panel from reflecting external light 
and increase the display contrast. The present invention also 
relates to a plasma display panel having a high display 
contrast, and methods for making the black paste and the 
plasma display panel. 

BACKGROUND ART 

0002. A typical plasma display panel (PDP) includes a 
front panel and a rear panel, which oppose each other with 
a predetermined distance therebetween, and barrier ribs 
disposed between the front and rear panels. The barrier ribs, 
the front panel, and the rear panel define a plurality of cells, 
each of which functions as a display element. In a cell, two 
electrodes disposed on an inner Surface of the panel are 
Separated from each other with a dielectric layer therebe 
tween. Application of an AC voltage between the two 
electrodes induces a discharge, which leads to light-emis 
Sion from a phosphor Screen disposed on the Surfaces of the 
barrier ribs. The emitted light passes through the transparent 
panel, and images are thereby displayed. 
0003. In PDPs, the resolution and brightness of images 
depend upon the width of the electrodes, the pitch of 
interconnecting conductors, the transparency of the dielec 
tric layers, and the like. Electrode patterns and interconnect 
ing conductor patterns can be formed by Screen printing. 
0004 Photolithography is also available as a method for 
forming finer patterns. In photolithography, photoSensitive 
paste, i.e., conductive paste having photosensitivity, applied 
on the entire Surface of a Substrate is exposed through a 
predetermined mask and developed to form a pattern, and 
the pattern is burned to prepare a high-definition conductor 
pattern. These methods use photosensitive pastes containing 
conductive powder and photoSensitive resin binders. 
0005. It is essential to decrease the reflection of external 
light at the electrodes disposed on the front panel in order to 
improve the display contrast. The reflection of external light 
can be most efficiently decreased by forming a low-trans 
mittance and low-reflectance black layer on a front-panel 
opposing Surface of a high-reflectance metal electrode So 
that the electrode will appear black when viewed from the 
front panel of the display. 
0006 FIG. 1 shows an example structure of display 
electrodes disposed on a front panel of a plasma display. A 
black layer 10 for preventing the reflection of external light 
and increasing the display contrast is formed on each 
transparent display electrode 1 (composed of ITO or the 
like) for plasma discharge. Bus electrodes 7 (metal elec 
trodes Such as Silver electrodes) are formed on the black 
layers 10 to decrease the resistance of the electrodes. The 
black layer is composed of a material having a high degree 
of blackneSS and conductive properties, e.g., ruthenium 
oxide disclosed in Japanese Unexamined Patent Application 
Publication No. 10-255670. 
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0007 Although ruthenium oxide is an excellent material 
having both a high degree of blackneSS and conductive 
properties, ruthenium has a drawback in that it is expensive 
and has a metallic luster. 

0008 An object of the present invention is to provide a 
black paste for forming a black layer that exhibits a high 
contrast without using expensive ruthenium and a plasma 
display panel having the black layer. In the present inven 
tion, a material having a desired degree of blackneSS and a 
material having desired conductive properties are combined 
So that a black layer having a high degree of blackness can 
be obtained at low cost. 

DISCLOSURE OF THE INVENTION 

0009. To achieve this object, a first aspect of the present 
invention provides a black paste containing an inorganic 
powder and an organic component, the inorganic powder 
containing a glass powder and a cobalt oxide. 
0010) A second aspect of the present invention provides 
a plasma display panel including a front panel and a rear 
panel, the front panel including a black layer and a first metal 
electrode, the rear panel including a Second electrode, in 
which the black layer contains a cobalt oxide and a glass 
component. 

0011 A third aspect of the present invention provides a 
method for fabricating a plasma display panel including a 
front panel and a rear panel, the front panel including a black 
layer and a first metal electrode, the rear panel including a 
Second electrode. The method includes a Step of forming the 
black layer with a photoSensitive paste containing 10 to 70 
percent by weight of a cobalt oxide relative to the total 
content of an inorganic powder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 shows a front panel of a plasma display 
panel according to an embodiment of the present invention; 
and 

0013 FIG. 2 is a partial schematic view of a plasma 
display panel according to an embodiment of the present 
invention. 

0014 Mark 1 is a transparent electrode; and Mark 2 is an 
address electrode 2, and Mark 3 is a protective layer; and 
Mark 4 is a barrier rib; and Mark 5 is a front glass Substrate; 
and Mark 6 is a rear glass substrate; and Mark 7 is a bus 
electrode; and Mark 8 is a transparent dielectric layer; and 
Mark 9 is a white dielectric layer; and MARK 10 is a black 
layer; and Mark 11 is a phosphor layer (R); and Mark 12 is 
a phosphor layer (B); and Mark 13 is a phosphor layer (G). 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0015 The preferred embodiments of the present inven 
tion will now be described with reference to the drawings. 
FIG. 2 shows an AC plasma display panel according to an 
embodiment of the present invention. A front panel includes 
a front glass Substrate 5, a transparent electrode 1 on the 
front glass substrate 5, a black layer 10 on the transparent 
electrode 1, a bus electrode (metal electrode) 7 on the black 
layer 10, a transparent dielectric layer 8 covering these 
components, and a protective layer 3 on the transparent 
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dielectric layer 8. The transparent electrode 1 is not an 
essential component of the present invention. 

0016 A rear panel includes a rear glass substrate 6, 
address electrodes 2 on the rear glass Substrate 6, a white 
dielectric layer 9 disposed over the rear glass Substrate 6, 
barrier ribs 4, red (R) phosphor layers 11, green (G) phos 
phor layers 12, and blue (B) phosphor layers 13. The white 
dielectric layer 9 reflects light emitted from the phosphor 
layers 11 to 13. The front panel is bonded with the rear panel 
to Seal a discharge gas inside the Space defined by the front 
panel and the rear panel. 

0.017. A method for fabricating this plasma display panel 
will now be described. First, the transparent electrode 1 
composed of ITO or SnO having a thickness of about 0.12 
tum is formed on the front glass Substrate 5. For example, the 
transparent electrode 1 is formed by depositing a starting 
material on the entire Surface of the front glass Substrate 5 
by ion Sputtering or ion plating and then Subjecting the 
deposited layer to photolithography using a photoresist. 

0.018 Next, a black layer 10 is formed on the transparent 
electrode 1. The black layer is composed of a black inor 
ganic pigment and a glass component. The term “black here 
refers to a dark color that is visually Significantly distinct 
from the background and is not limited to total black. 
Preferably, the black layer has a high degree of blackness in 
order to yield Satisfactory light-transmittance and reflec 
tance. 

0019. The black layer 10 may be formed by pattern 
printing using a Screen mask but is preferably formed by 
using a photoSensitive black paste So that a fine pattern is 
obtained. The black paste is composed of inorganic powder 
containing an inorganic pigment and glass powder. When 
the black paste is applied on a glass Substrate and burned, 
almost all the organic component contained therein evapo 
rates as a result of combustion. Accordingly, a black layer 
composed of the inorganic powder contained in the black 
paste is made. The inorganic powder must contain both a 
black inorganic pigment and glass powder having a low 
Softening point Since the glass powder Softens during burn 
ing and functions as a binder. 
0020. The inorganic pigment used in the present inven 
tion is composed of a metal oxide. Examples of the metal 
oxide include oxides of iron, copper, manganese, cobalt, and 
compound oxides thereof. Cobalt oxides, which retain the 
color when mixed with glass and burned, are particularly 
preferred. In the present invention, the inorganic pigment 
must contain a cobalt oxide. 

0021 Examples of cobalt oxides include but not limited 
to cobalt(II) oxide (CoO), cobalt(III) oxide (CoO(HO)), 
and cobalt(II,III) oxide (CoO). These oxides are basically 
black. Cobalt(II) oxide is known to transform into cobalt(II, 
III) when burned in air at 390 to 900° C. Cobalt(III) oxide 
is known to transform into cobalt(II, III) when burned in 
vacuum at 150° C. Thus, cobalt(II, III) oxide is preferred 
Since this oxide retains the color despite the burning proceSS 
of the present invention. 

0022 Whereas cobalt(II) oxide shows various colors 
depending on the particle diameter and cobalt(III) is brown 
ish black, cobalt(II, III) oxide is gray or black, and is 
achromatic. In order to improve the contrast of the display 
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and display quality, the black layer is preferably achromatic. 
Thus, cobalt(II,III) oxide is particularly preferred. 
0023 The average particle diameter of the cobalt oxides 
is preferably in the range of 10 to 100 nm. Particles having 
an average diameter of less than 10 nm cannot readily be 
dispersed in the paste and are thus not practical. Particles 
having an average diameter exceeding 100 nm cause Scat 
tering of light and thus may decrease the degree of black 
CSS. 

0024. The cobalt oxide content in the paste is preferably 
10 to 70 percent by weight of the total content of the 
inorganic powder, and the cobalt oxide content in the black 
layer formed therefrom is preferably 10 to 70%. A black 
layer having a thickness of about 1 to about 2 um may not 
have a Sufficient degree of blackness when the cobalt oxide 
content in the inorganic powder of the paste or the cobalt 
oxide content in the black layer are less than 10 percent by 
weight. At a cobalt oxide content exceeding 70 percent by 
weight, the sinterability may decrease. Preferably, the cobalt 
oxide content is in the range of 15 to 65% by weight. 
0025 The black paste applied on the glass substrate is 
preferably burned at a temperature less than 600 C. in order 
to reduce deformation of the glass Substrate. Since inorganic 
pigments do not sinter at a temperature less than 600 C., the 
softening point of the glass powder is preferably 400 to 520 
C. to yield a sinter. Glass powder having a Softening point 
less than 400 C. is not preferred since such glass powder 
Starts Softening before decomposition and evaporation of a 
binder resin in preparing the black layer and thus hinders 
binder extraction. Glass powder having a Softening point 
exceeding 520 C. may degrade the Sinterability; thus, a 
Sufficient amount of inorganic compound cannot be added. 
0026 Glass powder having a softening point within the 
above-described range can be used without any particular 
limitations. The glass powder is preferably borosilicate glass 
containing lead or bismuth Since Such glass does not react 
with the electrodes. Due to increasing regulations on use of 
lead, glass containing bismuth oxide as the main component 
is more preferred. The average particle diameter of the glass 
powder is preferably 0.5 to 5 lum. Glass powder having an 
average particle diameter of less than 0.5 um cannot readily 
be dispersed, and glass powder having an average particle 
diameter exceeding 5 um may degrade the flatneSS and the 
shape of the electrodes. More preferably, the average par 
ticle diameter is in the range of 1 to 4 lum. 
0027. In order to improve the conduction between the 
transparent electrode 1 and the bus electrode 7, the black 
layer preferably contains a conductive powder. Examples of 
the conductive powder include metal powder and metal 
oxide powder. Metal powder of gold, Silver, copper, nickel, 
and the like commonly used as the electrode material may be 
used without any particular limitations. Nickel metal powder 
is particularly preferred since it is an inexpensive good 
conductor. 

0028 Preferable examples of the metal oxide powder 
include, but not limited to, tin oxides and indium tin oxide 
(ITO). Metal oxide powder may be doped with a trace 
amount of a dopant to improve the conductivity. For 
example, doping tin oxide with few percent of phosphorus 
or antimony will increase the conductivity. 
0029. The average particle diameter of the conductive 
powder is preferably 0.1 to 5 lum. Conductive powder having 
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an average particle diameter of less than 0.1 um cannot 
readily be dispersed in the black paste, and conductive 
powder having an average particle diameter exceeding 5 um 
may degrade the flatness of the electrode and deform the 
shape of the electrode pattern. More preferably, the average 
particle diameter is 0.5 to 4 lum. 

0030 The content of the conductive powder in the black 
paste is preferably 1 to 60 percent by weight relative to the 
total content of the inorganic powder. The content of the 
conductive powder in the black layer formed therefrom is 
preferably 1 to 60 percent by weight. At content less than 1 
percent by weight, a Sufficient conductive property cannot be 
yielded. At a content exceeding 60 percent by weight, the 
Sinterability may be degraded when 10 percent by weight or 
more of cobalt oxide is added to achieve a target degree of 
blackness. More preferably, the conductive powder content 
is 1 to 50 percent by weight. 

0031. The total content of the cobalt oxide and the 
conductive powder in the black paste is preferably 70 
percent by weight or less relative to the total content of the 
inorganic powder. The total content of the cobalt oxide and 
the conductive powder in the black layer formed therefrom 
is preferably 70 percent by weight or less. At a total content 
exceeding 70 percent by weight, the Sinterability may be 
degraded. The cobalt oxide controls the degree of blackneSS 
while the conductive powder controls the conductive prop 
erty. More preferably, the total content is 60 percent by 
weight or less. 

0.032 The resin component in the black paste of the 
present invention is preferably acrylic resin and more pref 
erably photocurable acrylic resin. Resin made from an 
alkali-Soluble acrylic copolymer, a multifunctional acrylic 
monomer, a photoradical generator, and a Solvent is widely 
used as the photocurable acrylic resin. Since the polymer is 
alkali-Soluble, an alkali aqueous Solution can be used as the 
developer instead of an organic Solvent hazardous to the 
environment. A dispersing agent, a plasticizer, a Stabilizer, a 
polymerization inhibitor, or the like may also be contained 
in the resin, if necessary. 
0033. The acrylic copolymer here means a copolymer 
containing at least an acrylic monomer as a comonomer. 
Specific examples of the acrylic monomer include acrylic 
monomerS Such as methyl acrylate, ethyl acrylate, n-propyl 
acrylate, isopropyl acrylate, n-butyl acrylate, Sec-butyl acry 
late, isobutyl acrylate, tert-butyl acrylate, n-penty1 acrylate, 
allyl acrylate, benzyl acrylate, butoxyethyl acrylate, butox 
ytriethylene glycol acrylate, cyclohexyl acrylate, dicyclo 
pentanyl acrylate, dicyclopentenyl acrylate, 2-ethylhexyl 
acrylate, glycerol acrylate, glycidyl acrylate, heptadecafluo 
rodecyl acrylate, 2-hydroxyethyl acrylate, isobornyl acry 
late, 2-hydroxypropyl acrylate, isodecyl acrylate, isooctyl 
acrylate, lauryl acrylate, 2-methoxyethyl acrylate, methoxy 
ethylene glycol acrylate, methoxydiethylene glycol acrylate, 
octafluoropentyl acrylate, phenoxyethyl acrylate, Stearyl 
acrylate, trifluoroethyl acrylate, acrylamide, aminoethyl 
acrylate, phenyl acrylate, phenoxyethyl acrylate, 1-naphthyl 
acrylate, 2-naphthyl acrylate, thiophenol acrylate, and ben 
Zylmercaptain acrylate, and methacrylates of these acrylates. 
In addition to the acrylic monomer, any compound having a 
carbon-carbon double bond may be contained as another 
comonomer. Preferable examples thereof include Styrenes 
Such as Styrene, p-methylstyrene, O-methylstyrene, m-me 
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thylstyrene, C.-methylstyrene, chloromethylstyrene, and 
hydroxymethylstyrene, Y-methacryloxypropyltrimethoxy 
Silane, and 1-vinyl-2-pyrrollidone. The acrylic copolymer 
preferably contains alkyl acrylate or alkyl methacrylate, and 
more preferably methyl methacrylate to yield a good pyro 
lytic property. An unsaturated acid, Such as unsaturated 
carboxylic acid, may be added as the monomer So that the 
acrylic copolymer becomes alkali-Soluble. Specific 
examples of the unsaturated acid include acrylic acid, meth 
acrylic acid, itaconic acid, crotonic acid, maleic acid, 
fumaric acid, Vinyl acetate, and acid anhydrides of these. 
The acid value of the polymer after the addition is preferably 
in the range of 50 to 140 to yield sufficient development 
properties. 
0034. At least part of the polymer preferably has a 
carbon-carbon double bond at an end of a molecule and/or 
a side chain in order to increase the curing rate. Examples of 
the groups having carbon-carbon double bonds include 
Vinyl, allyl, acryl, and methacryl groupS. Such a functional 
group can be added to the polymer by addition polymeriza 
tion of a compound having a carbon-carbon double bond 
with the glycidyl or isocyanate group, acrylic chloride, 
methacrylic chloride, or allyl chloride with the mercapto, 
amino, hydroxyl, or carboxyl group in the polymer. 
0035 Examples of the compound having the carbon 
carbon double bond with the glycidyl group include glycidyl 
methacrylate, glycidyl acrylate, allyl glycidyl ether, glycidyl 
ethyl acrylate, crotonyl glycidyl ether, glycidyl crotonate, 
and glycidyl isocrotonate. Examples of the compound hav 
ing the carbon-carbon double bond with the isocyanate 
group include acryloyl isocyanate, methacryloyl isocyanate, 
acryloylethyl isocyanate, and methacryloyl ethyl isocyanate. 
0036) A compound having at least two carbon-carbon 
double bonds per molecule is used as the multifunctional 
monomer. Examples of Such a compound include allylated 
cyclohexyl diacrylate, 1,4-butanediol diacrylate, 1,3-buty 
lene glycol diacrylate, ethylene glycol diacrylate, diethylene 
glycol diacrylate, triethylene glycol diacrylate, polyethylene 
glycol diacrylate, dipentaerythritol hexaacrylate, dipen 
taerythritol monohydroxy pentaacrylate, ditrimethylol pro 
pane tetraacrylate, glycerol diacrylate, methoxyated cyclo 
hexyl diacrylate, neopentyl glycol diacrylate, propylene 
glycol diacrylate, polypropylene glycol diacrylate, triglyc 
erol diacrylate, trimethylol propane triacrylate, bisphenol A 
diacrylate, diacrylate of a bisphenol A-ethylene oxide 
adduct, diacrylate of a bisphenol A-propylene oxide adduct, 
and compounds derived from the these compounds by 
replacing all or part of the acryl groups with methacryl 
groupS. 

0037. A commercially available photoradical initiator can 
be Suitably used as the photopolymerization initiator. 
Examples thereof include, but not limited to, 2-benzyl-2- 
dimethylamino-1-(4-morpholinophenyl)-butanone-1, bis(2, 
4,6-trimethylbenzoyl)-phenylphosphine oxide, 2-methyl-1 
4-(methylthio)phenyl-2-morpholinopropan-1-on, and 2,4- 
diethylthioxanthone. 

0038 Examples of the preferable solvent include, dieth 
ylene glycol monoethyl ether acetate, diethylene glycol 
monobutyl ether, diethylene glycol monobutyl ether acetate, 
2-methy-2,4-pentanediol, 3-methyl-1,5-pentanediol, 
2-ethyl-1,3-hexanediol, terpineol, 3-methyl-3-methoxybu 
tanol, Y-butyrolactone, texanol, benzyl alcohol, dipropylene 
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glycol monoethyl ether, tripropylene glycol monomethyl 
ether, and propylene glycol monomethyl ether acetate. 

0039. A cationic, anionic, or nonionic surfactant may be 
Suitably used as the dispersing agent. Dimethyl phthalate, 
diethyl phthalate, or dibutyl phthalate may be suitably used 
as the plasticizer. 

0040 1,2,3-Benzotriazol or the like may be used as the 
stabilizer. 

0041. The transmittance of the black layer of the plasma 
display panel of the present invention is preferably 2% or 
leSS. The interfacial reflectance between the glass Substrate 
and the black layer measured from the front glass Substrate 
is preferably 20 or less, and more preferably 10 or less in 
terms of L value (luminance of reflection). When the L value 
is larger than 30, reflection of external light when viewed 
from the front glass Substrate increases, thereby decreasing 
the display contrast of the plasma display panel, which is not 
desirable. When the luminance of reflection is excessively 
low and the transmittance is larger than 2%, a light ray that 
has passes through the black layer is reflected at the interface 
between the black layer and the metal electrode. Since the 
reflectance of the metal electrode is generally markedly 
large, the reflection of external light increases and the 
display contrast of the plasma display panel thus decreases, 
which is undesirable. 

0042. The method of preparing the black paste is not 
particularly limited. For example, a Solvent, an acrylic 
copolymer, and an organic component, Such as a photopo 
lymerization initiator, are heated in a stirring mixer to 
prepare a Solution, and glass powder, an inorganic pigment, 
and the like are added to the Solution using a mixer Such as 
planetary mixer. The resulting mixture is kneaded with a 
three-roller mill or the like, followed by filtering and degas 
Sing, if necessary. It is preferable to prepare slurry of the 
inorganic pigment and a Solvent containing a dispersing 
agent using a disperser, Such as a bead mill, prior to the 
kneading with the three-roller mill So that the inorganic 
pigment, which tends to undergo cohesion, can be 
adequately dispersed. 

0043. The black paste may be applied by any method but 
preferably by Screen printing. Screen printing is Suitable for 
forming a layer of Several to Several tens micrometers in 
thickness. In general, the applied paste is dried by heating at 
70° C. to 120° C. for several minutes to one hour. This 
proceSS is repeated until the thickness of the film reaches a 
target value. A non-photoSensitive black paste is applied by 
printing predetermined pattern, and a photoSensitive black 
paste is applied by printing on entire Surface of a Substrate. 

0044) The bus electrode 7 is preferably formed of a 
photosensitive silver paste. The electrode is formed by 
applying and drying the photoSensitive Silver paste on the 
dried black paste, as described above. 
0.045 Exposure of the applied and dried black paste and 
photoSensitive Silver paste is done through a mask having a 
predetermined pattern. The exposure is carried out with a 
high pressure mercury vapor lamp with an exposure of, for 
example, 10 to 500 m.J/cm with an i-line wavelength (365 
nm). 
0046. Upon completion of exposure, the black paste and 
the photoSensitive Silver paste, which are unexposed pho 
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toSensitive areas, are removed using an alkali acqueous 
Solution as a developer, followed by Washing with water to 
obtain a target pattern. Examples of the alkali aqueous 
solution include 0.05-1 wt.% aqueous solutions of sodium 
carbonate, monoethanolamine, diethanolamine, and trietha 
nolamine. The development and the Washing may be carried 
out by immersion or with Sprays, paddles, or the like. Spray 
development is particularly preferred since it can produce a 
pattern having a higher resolution. The time for Spraying the 
developer in the spray development is 20 to 200 seconds. 
Washing is also carried out by spraying for 10 to 60 seconds. 
0047 The resulting pattern is burned in an electric fur 
nace, a belt furnace, or the like. When burned, the organic 
component evaporates and the inorganic powder becomes 
sintered to form the black layers 10 and the bus electrodes 
7. The burning is preferably performed in air or in a nitrogen 
atmosphere at 400° C. to 600° C. for 1 to 60 minutes. 
0048. The photosensitive black paste and the photosen 
Sitive Silver paste are preferably exposed and developed at 
the Same time to increase the efficiency. Alternatively, the 
pastes may be exposed and developed separately. 
0049 Next, a dielectric paste containing lead oxide glass 
powder or bismuth oxide glass powder is applied to form a 
transparent dielectric layer 8. The applied dielectric paste is 
burned at 550 to 600 C. to form a layer having a thickness 
of about 10 to about 30 lum. The dielectric layer 8 may have 
a single-layer Structure or a double-layer Structure of glasses 
having different Softening points, as disclosed in Japanese 
Examined Patent Application Publication No. 9-50769. 
0050. Next, a protective layer 3 composed of MgO is 
formed by chemical vapor deposition (CVD) to a thickness 
of about 1.0 lim. 
0051. The address electrodes 2 are formed on the rear 
glass Substrate 6 of the rear panel by burning a pattern 
prepared by photolithography using a photosensitive Silver 
paste. 

0052 Adielectric paste containing titanium oxide is then 
applied thereon and is burned to form a white dielectric layer 
9. 

0053. The barrier ribs 4 are formed by burning a pattern 
prepared by photolithography using a photosensitive barrier 
rib paste. 
0054) Next, three phosphor pastes respectively contain 
ing red, green, and blue phosphor powders are applied in 
corresponding predetermined Spaces defined by the barrier 
ribs 4. The applied pastes are dried and burned to prepare 
phosphor layers R11, G12, and B13. 
0055. The front panel is bonded with the rear panel using 
a glass Sealing paste. The discharge Spaces defined by the 
front panel, the rear panel, and the barrier ribS 4 are 
evacuated to high vacuum (approximately 8x107 Torr). 
Subsequently, a discharge gas, Such as a Ne-Xe gas, is 
Sealed inside the Spaces at a predetermined preSSure 
(approximately 500 to 760 Torr) to obtain a plasma display 
panel. 

0056. A high definition plasma display panel having a 
high display contrast can be made using the black layer and 
by the plasma display fabrication method of the present 
invention. 
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EXAMPLES 

0057 The present invention will now be described by 
way of nonlimiting examples. Note that all the processes 
described below were carried out under yellow light. 
0.058 1. Preparation of Photosensitive Black Paste 
0059 (1): Organic components, i.e., 20 parts by weight 
of acrylic copolymer (a glycidylmethacrylate-modified 
methacrylic acid/methyl methacrylate copolymer, acid 
value: 100, weight-average molecular weight: 30,000), 
10 parts by weight of a multifunctional monomer 
(propylene oxide-modified trimethylolpropane triacry 
late), 1.5 parts by weight of a photopolymerization 
initiator (2-benzyl-2-dimethylamino-1-(4-morpholi 
nophenyl)-butanone-1), 45 parts by weight of a Solvent 
(diethylene glycol monobutyl ether acetate), 1 part by 
weight of a dispersing agent (Solsperse 20000), and 1 
part by weight of a plasticizer (di-n-butyl phthalate), 
were mixed while heating at 60° C. using a motor and 
a stirring blade to prepare a Solution. 

0060 (2): The resulting solution of the organic com 
ponents was preliminarily mixed and kneaded with the 
following inorganic powders in a planetary mixer: 

0061 A. Glass Powder 
0.062 glass powder 1: Softening point: 460 C.; average 
particle diameter: 2 um 
0063) glass powder 2: Softening point: 490° C.; average 
particle diameter: 1 um 
0.064 glass powder 3: Softening point: 500 C.; average 
particle diameter: 2 um 
0065 glass powder 4: Softening point: 390 C.; average 
particle diameter: 2 um 
0.066 glass powder 5: softening point: 530 C.; average 
particle diameter: 2 um 
0067 glass powder 6: Softening point: 460 C.; average 
particle diameter: 0.3 um 
0068 glass powder 7: Softening point: 460 C.; average 
particle diameter: 5 um, 
0069 each composed of bismuth oxide (BiO), silicon 
oxide (SiO2), boron oxide (BO), and zinc oxide (ZnO) 
0070 B. Inorganic Pigment 
0071 cobalt oxide 1 (CoO), average particle diameter: 
70 nm 

0072 cobalt oxide 2 (CoO), average particle diameter: 
100 nm. 

0073 cobalt oxide 3 (CoO), average particle diameter: 50 

0.074 carbon black, average particle diameter: 30 nm 
0075 C. Conductive Powder 
0.076 nickel powder 1, average particle diameter: 2 um 
0.077 nickel powder 2, average particle diameter: 0.05 
plm 

0078 nickel powder 3, average particle diameter: 5 um 
0079 silver powder, average particle diameter: 2 um 
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0080) 
0081 tin oxide powder, average particle diameter: 1 um 
(phosphorous-doped) 
0082 tin oxide powder, average particle diameter: 1 um 
(antimony-doped) 

ITO powder, average particle diameter: 3 um 

0083. The average particle diameter of each powder was 
the value of D50 (the average particle diameter at 50% of 
powder passing through) measured with a laser diffraction 
Scattering particle size analyzer (Microtrac HRA). 

0084 (3) The resulting preliminary kneaded mixture 
was kneaded with a three-roller mill to prepare a 
photosensitive black paste. 

0085 2. Pattern Forming 
0.086 (1) The photosensitive black paste was applied 
by screen printing (screen: PET #420) on the entire 
Surface of the front glass Substrate having the transpar 
ent electrodes (ITO) thereon. The applied paste was 
dried at 85 C. for 10 minutes. The thickness after 
drying was 2.5 lim. 

0087 (2) The photosensitive silver paste was applied 
on the black paste layer by Screen printing (screen: PET 
#350) and was dried at 85°C. for 40 minutes. The total 
thickness of the black paste layer and the Silver paste 
layer after drying was 10 lim. 

0088 (3) The black paste layer and the silver paste 
layer were exposed through a pattern mask using a high 
preSSure mercury vapor lamp with an exposure of 300 
mJ/cm. The pattern mask was of a negative type. 

0089 (4) Upon completion of the exposure, the Sub 
Strate was developed by Spraying an alkali developer 
(0.4 wt.% Sodium carbonate acqueous Solution), and 
then rinsed using a water shower. 

0090 (5) The resulting pattern was placed in an elec 
tric furnace, and the burning was carried out by heating 
at a rate of room temperature to 580 C. in two hours 
in the atmosphere and maintaining a temperature at 
580 C. for 20 minutes, and naturally cooling. The total 
thickness of the black layer and the silver electrodes 
after burning was 5 um (thickness of the black layer: 
1.5 um). 

0091. The above-described process was carried out by 
changing the inorganic pigment content, the glass powder 
content, and the conductive powder content in the photo 
Sensitive black paste for forming the black layer as in Tables 
1 and 2. The results are also shown in Tables 1 and 2. The 
degree of blackness was determined by a colorimeter 
(specular component excluded). Layers having an L value 
(luminance of reflection) of 10 or less are indicated by A 
(Excellent), those having an L value of 11 to 20 are indicated 
by B (good), those having an L value of 21 to 30 are 
indicated by C (fair), and those having an L value 31 or more 
are indicated by D (poor). The conductive property was 
determined using a tester. LayerS having a resistance of 10 
m2 or less are indicated by A (Excellent), those having a 
resistance exceeding 10 m2 are indicated by B (good), and 
those having no conductive property are indicated by D 
(poor). The Screen printability of each paste was evaluated. 
That is, the ease of printing was evaluated according to the 
Scale, A(Excellent)>B (good)>C (fair)>D (poor). Regarding 
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the pattern formability, patterns having a line edge rough 
neSS and a top Surface roughness of 5 um or leSS are 
indicated by A (Excellent), those having a line edge rough 
neSS and a top Surface roughness of 6 to 10 um are indicated 
by B (good), and those having a line edge roughness and a 

Glass 
powder 

Inorganic 
pigment 

Conductive 
powder 

Evaluation 

Glass 
powder 

1 (sof 
partic 
2 (sof 
partic 
3 (sof 
partic 
Cobal 
diame 
Cobal 
diame 
Cobal 
diame 
Nicke 
diame 
Silver 

Inorganic 
pigment 

Conductive 
powder 

TABLE 1. 

parts by weight 

*EX. 1 EX. 2 EX. 3 EX. 4 EX 5 EX. 6 EX. F 

ening point: 460 C.; average 
e diameter: 2 um) 
ening point: 490 C.; average 
e diameter: 1 um) 
ening point: 500 C.; average 
e diameter: 2 um) 
Oxide 1 (average particle 
er: 70 nm) 
Oxide 2 (average particle 
er: 100 nm) 
Oxide 3 (average particle 
er: 50 nm) 
powder 1 (average particle 
er: 2 um) 
powder (average particle 

diame 
Evaluation 

er: 2 um) 
Screen printability of paste 
Pattern formability of paste 
Sinterability at 580° C. 
Blackness after burning at 580 C. 
Color after burning at 580 C. 
Conductive property 

*Ex: Example 

1 (softening point: 460° C.; 
average particle diameter: 
2 um) 
4 (softening point: 390 C.; 
average particle diameter: 
2 um) 
5 (softening point: 530 C.; 
average particle diameter: 
2 um) 
6 (softening point: 460° C.; 
average particle diameter: 
0.3 um) 
7 (softening point: 460° C.; 
average particle diameter: 
5 um) 
Cobalt oxide 1 (average 
particle diameter: 70 nm) 
Carbon black, average 
particle diameter: 30 nm. 
Nickel powder 1 (average 
particle diameter: 2 um) 
Nickel powder 2 (average 
particle diameter: 0.05 
plm) 
Nickel powder 3 (average 
particle diameter: 5 um) 
Screen printability of paste 
Pattern formability of 

0092) 

TABLE 2 

60 

35 65 15 

60 

40 

: 

60 

35 

s 

60 

35 

s 
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top Surface roughness of 11 um or more are indicated by C 
(fair). Regarding the Sinterability of the black layer, layers 
Sufficiently sintered are indicated by A(Excellent), and those 
insufficiently Sintered or having a relatively large binder 
content are indicated by C (fair). The results are shown in 
Tables 1 and 2. 

60 

35 

5 

A. 
A. 
A. 
B 

ck Black Black Black Brown Black 

5 5 5 

A. A. A. 
A. A. A. 
A. A. A. 
A. A. A. 

Black Bl 
A. A. A. A. A. A. 

parts by weight 

*EX.8 EX. 9 EX. 10 EX. 11 

90 15 

60 

5 5 5 

A. B A. 
A. B A. 

60 

60 

35 35 

5 5 

A. C 
A. B 

60 

35 

60 

35 

EX. 12 EX. 13 EX. 14 EX. 15 

60 

35 

60 

35 

A 



Dec. 23, 2004 

parts by weight 
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TABLE 2-continued 

*EX.8 EX. 9 EX. 10 EX. 11 

paste 
Sinterability at 580° C. A. C C C 
Blackness after burning at C B B B 
580° C. 

*Ex: Example 
**C.E.: Comparative Example 

0.093 Examples 1 to 3 had superior pattern formability, 
blackness, color, and conductive property. The conductive 
property of Example 4 was lower than that of Examples 1 to 
3 Since no conductive powder was contained in Example 4. 
Example 5, which contains a cobalt oxide having a relatively 
large average particle diameter, had a degree of blackneSS 
lower than that of Examples 1 to 4. Example 6 had a degree 
of blackness lower than that of Examples 1 to 4 and was 
brown. Example 7 exhibited a degree of blackness lower 
than that of Examples 1 to 4 since the luster of silver affects 
the degree of blackness more than the luster of nickel. 

0094) Example 8, which had a high cobalt oxide content, 
exhibited a relatively low degree of blackness. The black 
layer of Example 9, which had a high cobalt oxide content, 
exhibited a relatively low sinterability. In Example 10, the 
glass powder having a low Softening point Started to Soften 
before all organic components in the photosensitive black 
paste were decomposed and evaporated. Since Some organic 
components became enclosed in the molten glass and 
remained in the black layer, the sinterability of the black 
layer was relatively low. In Example 11, which used the 
glass powder having a high Softening point, the Sinterability 
of the black layer containing the cobalt oxide and the 
conductive powder was relatively low. In Examples 12 and 
14, the Screen printability of the paste was relatively poor 
due to the Small particle size of the glass powder and the 
conductive powder. In Examples 13 and 15, the flatness of 
the black layer and the pattern formability of the paste were 
relatively poor due to the large particle size of the glass 
powder and the conductive powder. In Comparative 
Example 1, carbon black, which is a widely used black 
pigment, was used instead of a metal oxide inorganic 
pigment. The carbon black decomposed due to burning and 
hardly remained in the black layer, thereby decreasing the 
degree of blackness. 

INDUSTRIAL APPLICABILITY 

0.095 The invention provides black paste containing a 
cobalt oxide; therefore the black paste can prepare at low 
cost a black layer that exhibits a high degree of blackneSS 
after burning. The invention also provides a plasma display 
panel showing excellent display contrast at low cost, Since 
the plasma display panel has a black layer exhibiting a high 
degree of blackness due to the cobalt oxide. And a method 
for fabricating a plasma display panel in the invention can 
easily form a black layer that has highly precise patterning 
and a high degree of blackness after burning at low cost by 
using a photosensitive black paste comprising a cobalt 
oxide. 

EX. 12 EX. 13 EX. 14 EX. 15 **C.E. 1 

A. A. A. A. A. 
A. A. A. A. D 

What is claimed is: 
1. A black paste comprising an inorganic powder and an 

organic component, the inorganic powder comprising a glass 
powder and a cobalt oxide. 

2. The black paste according to claim 1, the organic 
component comprising an acrylic copolymer, an acrylic 
monomer, and a photopolymerization initiator. 

3. The black paste according to claim 2, wherein the 
acrylic copolymer is alkali-Soluble. 

4. The black paste according to claim 1, wherein the 
cobalt oxide comprises cobalt(II,III) oxide (CoO). 

5. The black paste according to claim 1, wherein the 
average particle diameter of the cobalt oxide is in the range 
of 10 to 100 nm. 

6. The black paste according to claim 1, wherein the 
content of the cobalt oxide is 10 to 70 percent by weight of 
the total content of the inorganic powder. 

7. The black paste according to claim 1, wherein the 
Softening point of the glass powder is in the range of 400 to 
520° C. 

8. The black paste according to claim 1, wherein the glass 
powder mainly contains bismuth oxide. 

9. The black paste according to claim 1, further compris 
ing a conductive powder. 

10. The black paste according to claim 9, wherein the 
conductive powder comprises nickel. 

11. A plasma display panel comprising a front panel and 
a rear panel, the front panel comprising a black layer and a 
first metal electrode, the rear panel comprising a Second 
electrode, wherein the black layer comprises a cobalt oxide 
and a glass component. 

12. The plasma display panel according to claim 11, 
wherein the cobalt oxide comprises cobalt(II, III) oxide 
(CoO). 

13. The plasma display panel according to claim 11, 
wherein the black layer contains 10 to 70 percent by weight 
of the cobalt oxide. 

14. The plasma display panel according to claim 11, 
wherein the Softening point of the glass component is in the 
range of 400 to 520° C. 

15. The plasma display panel according to claim 11, 
wherein the black layer comprises a conductive powder. 

16. The plasma display panel according to claim 15, 
wherein the conductive powder comprises nickel. 

17. The plasma display panel according to claim 11, 
wherein the glass component mainly contains bismuth 
oxide. 

18. A plasma display panel comprising a front panel and 
a rear panel, the front panel comprising a black layer and a 
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first metal electrode, the rear panel comprising a Second 
electrode, wherein the black layer is formed of the black 
paste of claim 1. 

19. A method for fabricating a plasma display panel 
comprising a front panel and a rear panel, the front panel 
comprising a black layer and a first metal electrode, the rear 
panel comprising a Second electrode, the method comprising 
forming the black layer using a black paste containing 10 to 
70 percent by weight of a cobalt oxide relative to the total 
content of the inorganic powder. 

20. The method according to claim 19, wherein the step 
of forming the black layer includes applying the black paste 
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on a glass Substrate, applying a photoSensitive Silver paste 
on the applied black paste, exposing the applied pastes 
through a mask, and developing the exposed pastes with an 
alkali aqueous Solution. 

21. A method for making a plasma display panel com 
prising a front panel and a rear panel, the front panel 
comprising a black layer and a first metal electrode, the rear 
panel comprising a Second electrode, the method comprising 
forming the black layer using the black paste of claim 1. 


