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Abstract 

We investigated on the sintering behaviors and electrical 

properties of photo-sensitive aluminum (Al) electrode 

materials in plasma display panels. General characteristics 

of Al electrodes was totally different to that of conventional 

Ag materials; resistivity was decreased with the increasing 

of metal particle sizes and the amount of frit content and 

there is almost no width difference between developed and 

fired electrodes layers. Microstructures of fired electrodes 

revealed that Al electrodes had different mechanism on 

necking between metal particles and making electrical 

conducting path. Chemical durability (especially, anti-

alkalinity) and adhesion of Al electrodes must be carefully 

controlled. Nevertheless there are difficulties of processing 

Al electrodes, we developed and optimized photo-sensitive 

Al materials as address electrodes without any changes of 

existing patterning equipment and sintering conditions. 

 
 

1. Introduction 

 

Most and the foremost key issues on the current 

FPD markets are cost reduction and freedom in 

resolution embodiment with enhancement of luminous 

efficacy. While PDPs feature many superior visual 

properties, ever increasing customer expectations for 

quality and feature improvements are coupled with 

demands for lower costs and greater value. [1-4] 

Electrodes are very important portion in panel cost 

because PDPs are using high precious silver (Ag) 

pastes. Lower material costs allow competing more 

effectively with digital display technology. 

Cost configuration of current PDP panels shows 

that share rate of electrodes is over 30%, which is 

second-ranked among panel materials. This result is 

mainly caused by skyrocket of high precious Ag 

materials. This can be also interpreted that in spite we 

endeavored to decrease Ag paste cost and the amount 

of usage and resultantly achieved many break-

throughs, we must still incessantly develop new 

materials and process to meet market needs for lower 

cost. 

In this paper, we describe feasibility studies on low-

cost photo-sensitive aluminum (Al) electrode 

materials to substitute conventional Ag-based 

materials. Sintering and chemical behavior related to 

fabrication process and optical, electrical and 

mechanical behavior as digital displays are also 

discussed. 

 

 

2. Results and Discussion 

 

Preliminary studies on photosensitive non-Ag 

electrode materials reveal that Al is most feasible 

materials to substitute Ag in view of mass productivity 

and cost-effectiveness. It can enable to reduce about 

15% of total panel cost, which is very fruitful to 

PDPs’ cost-competitiveness. And, Al pastes’ less 

shrinkage rate enable to increase possibility to make 

higher and more accurate resolution. 

Because general characteristics of Al electrodes, 

however, was totally different to that of conventional 

Ag electrode materials from paste fabrication to fired 

and patterned status, there were lots of trials and error 

to embody process-proofed paste and real-sized 

pattern comparable with Ag electrodes. 

Table 1 represents general physical and chemical 

properties of photosensitive Al electrode materials. To 

maintain plenty of paste and process latitude in view 

of resistivity and process methods, we developed two 

kinds of Al electrodes; powder and flake type. 

Figure 1 represents FE-SEM images of 

photosensitive Ag and Al (powder) electrodes. 
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Microstructures of fired electrodes implied that Al 

electrodes had different mechanism on necking 

between metal particles and making electrical 

conducting path. As previously mentioned, resistivity 

of electrodes was decreased with the increasing of 

metal particle sizes and the amount of frit content and 

there is no width variation between developed and 

fired electrodes layers, which is closely related to 

their’s peculiar microstructures of fired electrodes.  

Conducting mechanism of Al pastes is interpreted 

physical contact between Al particles by glass frit’s 

flowing during firing whereas that of Ag pastes is 

continuous chemical Ag chains by necking between 

Ag particles by firing. 

 

Table 1. Physical and chemical properties of 

photosensitive Al electrode materials. 

 Al-based 
Ag-

based 

Metallic 

materials 
Al(powder) Al(Flake) Ag 

Glass frit Bi-based Zn-based Bi-based 

Binder Acryl Acryl Acryl 

Solvent BCA,BC Terpineol BCA,BC 

Tg (℃) 420 430 430 

Viscosity 

(Pa.s) 
22 5 25 

Solid content 

(%) 
64 65 51 

Shrinkage (%) 5 10 15 

Resistivity 

(uΩ.cm) 
74.8 35.0 3.5 

 

Figure 2 shows microstructures of photosensitive 

Ag and Al electrodes after chemical treatment. 

Chemical durability on 7.0% NaOH aqueous solution 

for 5min., which used as a stripper of photo-resist for 

making barrier rib, is critical point to guarantee 

electrodes’ pattern reliability. As shown in these 

figures, severe pattern de-lamination of Al electrodes 

was observed whereas there is no difference in Ag 

electrodes after chemical treatment. 

Unlike Ag, surface-existed Al2O3 layers as well as 

Al particles are easily reacted with alkaline materials 

such as NaOH and MEA (Mono Ethanol Amine) as 

shown in chemical equations below; 

 

Al2O3 + 2NaOH → 2NaAlO2 + H2O …(Surface) 

Al+ 2NaOH+ H2O → 2NaAlO2 + H2 …(Core) 

 

To solve these problems, paste and fabrication 

process must be optimized especially temperature and 

concentration of NaOH solution and content and 

wettability of glass frit materials. 

Chemical durability (especially, anti-alkalinity) and 

resultant adhesion problem of Al electrodes, however, 

are still critical issues to mass production.  
 

   
Fig. 1. Comparisons in microstructure of 

photosensitive Ag (left) and Al (right) electrodes. 
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Fig. 2. Chemical reaction of photosensitive Al 

electrode materials against NaOH solution. 

 

Nevertheless there are difficulties of processing Al 

electrodes, we developed and optimized photo-

sensitive Al materials as address electrodes without 

any changes of existing patterning equipment and 

sintering conditions. 

Evaluation results of Al address electrode-applied 

42 and 50-in PDPs on the diagonal show that there is 

no significant difference luminous efficacy and optical 

and thermal properties. Resistivity of PDP modules so 

fabricated is 3 times higher than that of conventional 

ones. 

It is known that luminous efficacy mainly caused 

by the loss due to the resistance of the bus electrodes 

in the panel and the on-resistance of the MOSFETs in 

the circuit. It is known that general properties of 

address electrode such as resistivity, color, roughness 

don’t have significant effects on PDP’s discharge 
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comparing any other layers. [5] Also, because current 

load of address electrode is merely one third of that of 

bus electrode, it is known that there is lot of resistance 

margin in address electrodes. 

 

 

3. Summary 

 

Studies on the fabrication and electrical properties 

of photo-sensitive aluminum (Al) electrode materials 

tell that general characteristics of Al electrodes were 

totally different to that of conventional Ag materials. 

Nevertheless there are difficulties of processing Al 

electrodes, we developed and optimized photo-

sensitive Al materials as address electrodes without 

any changes of existing patterning equipment and 

sintering conditions. 

Peculiar properties of Al electrode materials show 

some merits such as cost-effectiveness and freedom in 

designs and some demerits such as poor chemical, 

physical and electrical characteristics. 

Therefore, further study and investigation on 

enhancement of chemical durability, adhesion 

properties and resistivity are strongly required to mass 

production. 

It is thought that paste fabrication and thick-film 

lithographic technologies via development of Al 

electrode pastes is very helpful to develop printed 

electronics technologies such as photovoltaics and 

future electronic devices as well as digital displays 
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