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Abstract
A new front plate structure of ac-PDP was explored using 
fence-type aluminum electrode coated with anodic 
aluminum oxide.[1] In this structure, ITO and glass 
dielectric layer were eliminated and expensive Ag BUS 
electrode was replaced with aluminum. Test panels were 
prepared using the new structure and their luminance and 
discharge characteristics were examined. These results 
indicate that the new structure provide a new way of cost 
reduction and enhancement of performance of ac-PDPs  

1. Introduction

With remarkable advancements in image qualities 
and luminance efficiency of flat panel displays such as 
LCDs and PDPs in recent years, the cost 
competitiveness of flat panel displays has became the 
most critical factor in determining the success of the 
devices.

Among various materials used for ac-PDPs, glass 
substrate and Ag electrode make up more than half of 
the total material costs of the device. In the process of 
reducing materials cost of PDPs, therefore, one of 
obvious choices would be to replace expensive Ag 
electrode with cheaper metals such as aluminum. 
Additionally, this replacement of electrode material 
would reduce the severity of yellowing phenomenon 
of glass, which is due to diffusion and precipitation of 
Ag into glass. With this aluminum electrode, therefore, 
the use of conventional soda lime glass substrate 
would be feasible due to lack of the yellowing 
phenomenon.  

One of the other advantages of replacing Ag 
electrode with aluminum would be the formation of 
generic dielectric layer on the surface of electrode by 
anodizing process. The anodizing process, which has 
been used to form dense oxide layer (anodic 
aluminum oxide, AAO) on the surface of aluminum, 
magnesium, and titanium mainly for corrosion 

protection and colorization, is being used recently to 
form dielectric layer for electrical applications such as 
film capacitors.[2],[3],[4] Therefore, it would be more 
economical the conventional transparent dielectric 
layer is replaced with the AAO layer. This 
replacement will eliminate the transparent dielectric 
layer, Ag and ITO electrode altogether, reducing 
materials and processing costs of the panel, 
significantly. 

 In this study, a new structure for front plate of ac-
PDP is proposed. In this structure, fence-type 
aluminum electrode coated with anodic aluminum 
oxide was explored (Fig. 1). The fence-type aluminum 
electrode was patterned from the aluminum foil 
bonded to glass substrate and anodized to form anodic 
aluminum layer as the dielectric layer. The layer can 
be grown thick enough, such that it can serve as 
dielectric barrier layer for the dielectric barrier glow 
discharge of ac-PDPs.  

Fig. 1. Schematic illustration of discharge cell with 
fence-type aluminum fence electrode coated 
with anodic aluminum oxide layer. 

With this structure, the glass dielectric layer of the 
front glass plate may be eliminated. The elimination 
of the glass dielectric layer should reduce the 
processing steps as well as processing costs. In 
addition, luminance efficiency of the panels might be 
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enhanced since loss of scattered light through the 
dielectric layer would become negligible and the 
plasma intensity be higher with increased electric field 
with the structure.  

Thus, in this study, a possibility of new front plate 
structure with fence-type aluminum electrode coated 
with anodic aluminum oxide as dielectric layer was 
explored. Test panels were prepared with the structure 
and its luminance and other discharge characteristics 
were examined. 

2. Experimental  

Figure 2 shows the processing steps employed in 
preparing fence-type aluminum electrode coated with 
anodic aluminum oxide layer. Firstly, aluminum foil 
of 18 m thick was bonded with glass substrate. For 
the bonding layer, green tape containing glass frits 
were used. The aluminum foil, then, was coated with 
Az-601 and patterned in the form of fence-type 
electrode by chemical etching process. After the 
etching step, the sample was heated to 540oC for 
formation of chemical bonding between the glass 
layer and aluminum foil. After the bonding, the 
sample was immersed in a etching solution of the 
bonding glass and the bonding glass exposed was 
chemically etched. Then the electrode pattern was 
anodized in a solution of oxalic acid 0.3M at 18oC to 
form the anodic aluminum oxide. The thickness of the 
oxide after the anodizing was approximately 4~5 m. 
The oxide layer on the electrode was observed to be 
very uniform in thickness and dense in structure.  

Fig. 2. Processing steps of preparing fence-type 
aluminum electrode coated with anodic 
aluminum oxide layer.

In order to increase the breakdown voltage of the 
anodic aluminum oxide dielectric layer, barrier type 
oxide layer was formed on the anodized layer via high 
voltage anodizing in an ammonium adipate electrolyte. 
In this anodizing, the voltage was 400 volt. With this 
process, the barrier layer of 400~500nm thick was 
formed.[5]  

The front plate thus prepared was coated with 
MgO thin film via e-beam evaporation process. The 
front plate and rear plate were sealed together to 
prepare test panels. The rear panel has stripe type 
barrier ribs and coated with Zn2SiO4:Mn green 
phosphor. The panel size was 2 inch in diagonal and 
the discharge cells has a resolution of VGA grade of 
42 inch panel. 

3. Results and discussion 

3.1. Preparation of fence-type aluminum electrode 
coated with anodic aluminum oxide layer 

Figure 3 shows the top and cross sectional view of 
aluminum electrodes after etching process. As shown 
in the figure, aluminum electrode pattern was formed 
fairly uniformly. Cross sectional image (Fig. 3(b)) 
shows that aluminum and bonding glass layer are 
bonded together tightly without any defects. At the 
aluminum and bonding glass interface, anodic 
aluminum oxide layer was formed in order to enhance 
bond strength between the two materials by chemical 
reaction.

            (a)                     (b) 

Fig. 3. SEM Images of aluminum electrode after 
chemical etching steps: (a) top and (b) cross 
sectional view
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After the chemical etching process, the aluminum 
electrode was anodized to form anodic aluminum 
oxide layer on its surface. As shown in Fig. 4, uniform 
anodic aluminum layer was formed by the process.  

       (a)                     (b) 

Fig. 4. SEM images of anodized aluminum 
electrode: (a) cross sectional and (b) surface 
view.

In order to determine the appropriate thickness of 
the anodic aluminum oxide layer, the effect of layer 
thickness on dielectric breakdown voltage were 
investigated.[6]As shown in Fig. 5, the breakdown 
voltage increased linearly with the thickness of the 
layer. Thus, in this study, the anodic aluminum oxide 
layer thickness was fixed to 8 m.  
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Fig. 5. Effect of AAO thickness on the breakdown 
voltage of AAO dielectric layer.

3.2. Discharge characteristic of test panel with 
fence-type aluminum electrode coated with 
anodic aluminum oxide layer 

Figure.6 shows the 2-inch test panel with aluminum 
electrode with anodic aluminum oxide dielectric layer 
during glow discharge. As noted form the figure, the 
panel emit green light uniformly over the surface of the 
test panel. With this specific panel, the first cell on 
voltage was about 163V and full cell on was 175 volt. 
The voltage difference between the first cell on and the 
full cell on was similar to or smaller than the 
conventional test panels with Ag electrode coated with 
glass dielectric layer. This indicates that the uniformity 
of test panel is as good as the conventional panels.  

Fig. 6. 2-inch test panel during luminance 
measuring test.  

Table 1. Discharge characteristic of fence-type 
aluminum electrode coated with anodic 
aluminum oxide with Ne-4%Xe discharge 
gas.

First cell on full cell on First cell off full cell off

163v 175v 155v 141v

Figure.7 shows ICCD images of 2-inch test panel 
during glow discharge. Upper part of the fence electrode 
is cathode and bottom part of the electrode is anode. As 
shown in the figure, the glow discharge started at the 
electrode gap and negative glow propagated along the 
surface of the cathode as in the conventional dielectric 
barrier discharge. The striation on anode surface was not 
observed with this test panel.  
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Fig. 7. ICCD images of glow discharge of 
aluminum fence-type aluminum electrode 
coated with anodic aluminum oxide. The 
discharge gas was Ne-4%Xe. 

Luminance of the test panel was measured and 
compared with conventional panels (Fig. 8). As shown 
in the figure, the luminance of the test panel with 
anodic aluminum oxide layer appeared to be similar to 
that conventional test panels using Ag electrode with 
glass dielectric layer. In this study, the luminance 
efficiency was not estimated since the capacitance of 
the anodic aluminum oxide dielectric layer was not 
optimized. These results, however, indicate that the 
aluminum sustaining electrode with anodic aluminum 
oxide layer has a potential for use in front glass 
structure of ac-PDPs.  
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Fig.8. Luminance of test panels with anodic 
aluminum oxide layer. The luminance of 
conventional test panel using Ag electrode 
with glass dielectric layer is also shown in the 
figure for comparison. 

4. Summary

A possibility of new electrode structure of front plate 
of ac-PDPs was explored in this study. For the 
structure, aluminum electrode coated with anodic 
aluminum oxide layer was used. The anodic 
aluminum oxide layer acts as dielectric layer for 
dielectric barrier glow discharge. The results indicate 
that fence-type aluminum electrode with anodic 
aluminum oxide layer can successfully used for ac-
PDPs and that may reduce the processing and 
materials costs ac-PDPs significantly.  

5. References 

1. W. Schindler, Proceedings of IDW '99, p735(1999) 
2.Q.Lu,S.Mato,P.Skeldon,G.E.Thompson, D.Masheder, 

H.Habazaki, Electrochimica Acta, 47,2761(2002) 
3.F.A.Bonilla,A.Berkani,P.Skeldon,G.E.Thompson,H.

Habazaki,K.Shimizu,C.John,K.Stevens,Corrosion 
science , 44,1941(2002) 

4.V.Surganov,A.Mozalev,Microelectronic Engineering,  
37/38, 329(1997) 

5. z. Alexander and Z. Assen, Bull Master. sci vol26, 
No 3,P349(2003)   
6. S.Vladimir,I. Eugene,G.Elena, Microchim Acta , 
156, p147(2007) 

8-4 / M.-Y. Lee

IMID '07 DIGEST130 .


	Main
	Return



