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Abstract 
X-ray lithography was employed to fabricate ITO-less 

high resolution sustain electrodes for plasma display 

panel (PDP). A polyimide film based X-ray mask and X-

ray sensitive Ag electrode paste were fabricated to check 

their effect on the patterning of Ag electrodes with less 

than 30 ㎛ in width. The X-ray lithographic method 

was found to be useful for the high resolution sustain 

electrode patterns due to the high penetration power and 

low scattering property of X-ray source. 
 

 

1. Introduction 

 

It has been the key issues in the plasma display 

panel (PDP) industry to reduce the manufacturing cost 

and to improve the efficiency of the PDP panel [1, 2]. 

An ITO-less type PDP panel can reduce the 

manufacturing cost of PDP due to its unique structure 

and simple process [3]. Low luminance and efficacy, 

however, are main problems in realizing the full high 

definition (fHD) type PDP panel. This results from the 

low opening ratio of PDP front panel caused by wide 

metallic electrodes. There is a limit to fabricate very 

fine electrode patterns by currently used UV 

photolithographic process due to the low 

transmittance of the ultraviolet (UV) in silver (Ag) 

photosensitive paste. X-ray lithographic method was 

found to be useful for the inorganic patterns with high 

resolution such as barrier ribs in the PDP compared to 

the UV photolithography due to the high penetration 

power and the low scattering property of X-ray source 

[4]. 

 In this work X-ray lithographic method was 

employed to fabricate the Ag sustain electrode with 

high resolution for the ITO-less type PDP panel. In 

particular, a polyimide film based X-ray mask and X-

ray sensitive Ag electrode paste were fabricated to 

check their effect on the morphology of Ag electrode 

patterns. 
 

 

2. Experimental  
 

X-ray lithographic process 

The X-ray lithographic process for the fabrication 

of Ag electrode patterns is shown in Fig. 1. First, X-

ray sensitive paste of the Ag electrode was coated by a 

screen printer onto the glass substrate. Then the paste 

was dried at 100 ℃ for 20 minutes in an IR 

(infrared) oven. The dried paste was aligned with the 

X-ray mask before X-ray exposure step. The exposed 

panel was developed with a 1.5 wt% sodium 

carbonate (Na2CO3) aqueous solution at a spray 

pressure of 150 kPa at 30 ℃. Finally, the developed 

Ag electrode pattern was dried at 70 °C for 5 minutes 

and sintered in a electric furnace by heating up 

580 ℃ at 5 ℃/min rate. 

 
Fig.1. The X-ray lithographic process for 

patterning ITO-less sustain electrodes of 

PDP 
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X-ray source 

X-ray irradiation was carried out with energy of 2.5 

GeV and a beam current range of 110 ~ 190 mA using 

the 9C1 X-ray Nano/Micro Machining Beamline at 

the PAL (Pohang Accelerator Laboratory) in Korea. 

Fig. 2 shows a schematic diagram of the beamline 

system at the PAL. In the X-ray lithographic process, 

a white light spectral regime was used in order to take 

advantage of the high power density offered by the 

storage beam ring at the PAL. However, synchrotron 

radiation with very high power was found to give 

damage in the Ag electrode patterns by strong 

florescence and secondary electrons from the X-ray 

sensitive paste containing metal (Ag) powder. 

Therefore, photon energy range had to be adjusted by 

using mirrors to cut off the photon flux in the very 

high energy range. 

 

 
Fig. 2. Schematic diagram of the X-ray Nano-

Micro Machining beamline system at the 

PAL. 

 

X-ray sensitive paste for Ag electrode patterning 

X-ray sensitive Ag paste consisted of organic 

vehicle including binder polymers, photo-monomer, 

photo-oligomer, solvent, and additives such as a 

polymerization inhibitor, a surfactant, and a dispersant 

and inorganic powder such as a glass frit and silver 

powder. The basic composition of the electrode paste 

is shown in TABLE 1. Binder polymers were obtained 

from Geomyung Corporation in Korea and used as 

received. The binder polymer was acryl copolymer 

and had molecular weight of 15,000 and acid value of 

116 mg KOH/g. Tri-functional PETA was used as a 

photo-monomer in addition to a photo-oligomer and 

binder polymer to make the vehicle of the paste. Ag 

powder and Pb-less glass frit were used as inorganic 

powder in the paste. 

TABLE 1. The basic composition of X-ray sensitive 

Ag electrode paste. 
Composition 

of electrode paste Components Contents 
(wt%) 

Organic 

vehicle 

BP 
PM 
PO 

Solvent 

Acryl copolymer 
PETA 
EB204 
BCA 

13.0 
8.0 
3.0 
4.6 

Inhibitor 
Surfactant 
Dispersant 

4-Methoxypheol 
NS (B) 

BYK-310 

0.4 
0.5 
0.5 

Inorganic 

powder 

Frit glass 
Metallic 
powder 

glass frit 
Ag 

 

5.0 
65.0 

 

BP : binder polymer, PM : photo-monomer, PO : photo-oligomer 

 

The viscosity of the Ag electrode paste was about 

4,000 ~ 5,000 cPs. The coating thickness of the dried 

paste on the substrate was varied in a range of 2~3 ㎛ 

per squeezing time of the screen printer. 
 

 

3. Results and Discussion 
 

Simulation of X-ray power 

In the X-ray lithographic process the secondary 

electrons and fluorescence radiation generated from 

the surface of Ag powder were found to be an 

important factor to obtain precise Ag electrode 

patterns. In particular, X-ray source from the 

synchrotron radiation with very high power caused 

damage in the Ag electrode patterns by strong 

florescence and secondary electrons generated from 

the Ag powder in the X-ray sensitive paste. Therefore, 

the power of synchrotron X-ray source had to be 

adjusted to reduce effects of the secondary radiation 

on the morphology of the Ag electrode. The X-ray 

power distribution according to photon energy is 

shown on Fig.3 after X-ray was reflected by the 

mirror to cut off the photon flux in the very high 

energy range. It was found that the transmission of X-

rays with photon energy above 10 keV was 

substantially reduced when mirror angle was larger 

than 0.4 degree. 

 

 
Fig. 3.  X-ray power distribution and photon 

energy according to the mirror condition. 

 

The power density of X-rays, however, was too low 

to penetrate a Si wafer membrane with 500 ㎛ in 
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thickness used as X-ray mask after reflection of X-
rays with more than the 0.3 degree in mirror angle. 
Therefore, the membrane of the X-ray mask was 
changed from the Si wafer with 500 ㎛ in thickness 
to a polyimide film with 175 ㎛ in thickness to 
increase a transmittance of X-rays.  

X-ray power distributions according to photon 
energy after passage through Au absorber with 
different thickness under the condition of 0.3 degree 
in the mirror angle are shown in Fig. 4. It was found 
from Fig. 4 that the optimal thickness of the Au 
absorber layer on the polyimide film should be at least 
30 ㎛ when utilizing X-rays reflected by mirrors 
with 0.3 degree angle. 

 

 
Fig. 4. X-ray power distribution versus photon 

energy after passing through the Au 

absorber with varying thickness with 0.3 

degree in the mirror angle. 
 

Fabrication of X-ray mask 

The X-ray mask was fabricated according to the 
process shown in Fig. 5. First, the polyimide film with 
175 ㎛ in thickness was attached to the Si wafer with 
500 ㎛ in thickness. Then, seed layers consisting of 
300 Å Cr and 2000 Å Au were deposited on the 
polyimide film by electron beam evaporation method. 
After formation of seed layers, negative type 
photoresist (SU-8) was coated on the Si wafer to have 
a dried thickness of 45 ㎛ by spincoating at 1800 
rpm for 30 seconds, followed by photolithographic 
patterning. Au absorber layer (30 ㎛) was 
electroplated with a cyan-type Au electroplating 
solution (SP Gold 2000, C&C Tech. CO.). Finally, the 
polyimide film based X-ray mask was detached from 
the Si wafer. 

 

 
Fig. 5. Fabrication process of the polyimide film 

based X-ray mask 
 

Resolution of Ag electrode pattern 

X-ray mirror angle to adjust the intensity and the 
contents of a polymerization inhibitor to control the 
polymerization sensitivity in the Ag electrode paste 
were investigated to check their effects on the shape 
of the Ag electrodes as shown in Fig. 6. The stripe 
type Ag electrode pattern with lower than 150 ㎛ 
dimension could not be obtained by using the paste 
without the polymerization inhibitor under the 
condition of mirror angle 0.3 degree as shown in Fig. 
6(a). Under the condition of 0.6 degree in the mirror 
angle the limit of the stripe pattern in the critical 
dimension was measured to be 70 ㎛ as shown in Fig. 
6(b) without the polymerization inhibitor in the Ag 
paste. The critical dimension of the Ag electrode 
pattern could be decreased to 30 ㎛ under the 
condition of 0.6 degree in mirror angle and 0.4 wt% 
polymerization inhibitor in the Ag paste as shown in 
Fig. 6(c). It was found therefore that the critical 
dimension of Ag electrode patterns could be improved 
both by the decrease of the polymerization sensitivity 
with polymerization inhibitor in the Ag paste and the 
filtration of photon flux in high energy range by using 
the X-ray mirrors. 

 

 
Fig. 6. Critical dimension of Ag electrode patterns 

according to the condition of X-ray mirror 
and Ag paste (a) mirror angle 0.3 deg. and 
polymerization inhibitor 0 wt%, (b) mirror 
angle 0.6 deg. and polymerization inhibitor 
0 wt%, and (c) mirror angle 0.6 deg. and 
polymerization inhibitor  0.4 wt%. 
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The effect of controlling polymerization sensitivity 

of the Ag electrode paste on the morphology of Ag 

electrode with stripe pattern is shown in Fig. 7. The 

width (W) and the side roughness (Rmax) of Ag 

electrodes were defined to measure quantitatively the 

stripe pattern as shown in Fig 7(a). The side roughness 

Rmax and the increase of the width(W) of the Ag 

electrode compared with the gap (d) of the absorber 

pattern on the X-ray mask were 5㎛ and 17.5㎛ on 

the average, respectively when the paste without the 

polymerization inhibitor was used. On the other hand 

the side roughness and the increase in the width of the 

Ag electrodes compared with the gap (d) of the 

absorber patterns were improved to 1.75㎛ and 7 ㎛ 

when Ag paste with 0.4 wt% of polymerization 

inhibitor was used. It is noted that the precise Ag 

electrodes with high resolution could be obtained by 

the decrease of the polymerization sensitivity of the 

Ag electrode paste utilizing polymerization inhibitor. 

 

 
Fig. 7. Morphology of Ag electrode line patterns 

using Ag paste (a) without polymerization 

inhibitor (0 wt%) and (b) polymerization 

inhibitor 0.4 wt% 

 

 

 
 

4. Summary 

 

Some important results of this study were as 

following. X-ray lithographic method was found to 

give higher resolution than the UV photolithography 

in the pattering of sustain electrodes of the PDP panel 

due to the high penetration power and low scattering 

property of X-ray source. A polyimide film based X-

ray mask, X-ray power and the composition of the   

Ag electrode paste were important parameters for the 

fine Ag electrode pattern. The improved morphology 

of the Ag electrode pattern such as the side roughness 

(Rmax) and the minimum width (W) of Ag electrode 

dimension could be obtained with the process 

condition of 0.6 degree in the X-ray mirror angle and 

the optimum Ag paste with 0.4wt% of polymerization 

inhibitor. Under this condition Ag sustain electrode 

with 22 ㎛ in width could be fabricated, which may 

be useful for the ITO-less sustain electrodes of PDP. 
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