
 

Abstract 
 
 Barrier ribs in the plasma display panel (PDP) 

function to maintain the discharge space between 
the glass plates as well as to prevent optical 
crosstalk. Patterning of barrier ribs is one of 
unique processes for making PDP. Barrier ribs 
could be formed by screen-printing, sand blasting, 
etching, and photolithographic process. In this 
work photosensitive barrier rib pastes were 
prepared by incorporating binder polymer, solvent, 
functional monomers photoinitiator, and barrier rib 
powder of which surface was treated with fumed 
silica particles. Studies on the function of materials 
for the barrier rib paste were undertaken. After 
optimization of paste formulation and 
photolithographic process, it was applied to the 
photosensitive barrier rib green sheet and was 
found that photolithographic patterning of barrier 
ribs could be formed with good resolution up to 
110㎛ height and 60㎛ width after sintering. 

 

1. Introduction 
The formation of barrier ribs is one of the unique 

processes for making PDP and has a large effect on 
the performance. The barrier ribs currently 
employed are typically 110-120 ㎛ in height, with 
upper and lower widths of 50㎛ and 80㎛ , 
respectively, and a pitch of 300 ㎛. The feasibility 
of a photolithographic process has been under study 
recently. In the photolithographic process, 
photosensitive barrier rib paste is coated on the rear 
glass panel of PDP and dried. After UV exposure 
through photo mask and development, the barrier 
rib pattern is obtained. Then, the panel is subjected 
to firing up to 550 °C to burn out all organic and 
polymer materials that took part in the formation of 
barrier ribs on the PDP.  

The basic materials for photosensitive barrier rib 
paste and its components on the photolithographic 
process was studied systematically such as printing, 
drying, UV exposure, development and sintering. In 
this work, the formulation of photosensitive barrier 
rib paste for use in the green sheet form and the 
photolithographic process of patterning barrier ribs 
of PDP were also carried out 

 

2. Experimental 
2.1 Material.    

Pentaerythritol triacrylate (PETA) and other UV 
oligomers, such as trimethylolpropane triacrylate 
(TMPTA), tripropylene glycol diacrylate (TPGDA), 
and bisphenol A epoxy diacrylate (EB 600) were 
obtained from SK-ucb Company and used as 
received. Butyl carbitol (BC) as solvent, ethyl 
acrylate(EA), methyl methacrylate (MMA), and 
methacrylic acid (MAA) as monomers were 
purchased from Aldrich Chemical Company and 
used without further purification. 2,2 -
Azobisisobutyronitrile (AIBN) initiator from Wako 
Chemical was purified by recrystallization from 
methanol. A mixture photoinitiator (HSP 188) was 
obtained from SK-ucb Company and used as 
received. Barrier rib powder used in the paste has 
an approximate composition of PbO 60.0 wt %, 
SiO2 10.7 wt %, Al2O3 29.0 wt %, and trace (0.3 
wt %) amounts of ZrO2. 

 

2.2 Photosensitive Barrier Rib Paste 
Formulation and Photolithographic Process 

Photosensitive barrier rib paste was made by 
dispersing barrier rib powder containing glass frit 
and aluminum oxide into liquid vehicle composed 
of poly (MMA-co-MAA) binder polymer, BC 
solvent, UV crosslinkable monomers, and HSP-188 
photoinitiator using a three-roll mill(Exakt 50, 
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Germany). The viscosity of barrier rib paste was 
measured with Brookfield viscometer and adjusted 
to 20,000~29,000 cps range by adding BC solvent. 

The barrier rib paste was coated on the glass 
substrate with a handy coater with 200-400-㎛ gap. 
The thickness of dried barrier rib coating was 
varied in the range 100-170 ㎛. The dried barrier 
rib was exposed to UV light (400-800 mJ/cm2) 
through a photomask. The UV-exposed barrier rib 
panel was developed with 0.5 wt % sodium 
carbonate aqueous solution. The developing 
solution was sprayed at 20 psi pressure. The 
developed barrier rib panel was dried at 100 °C for 
20 min. The patterned barrier rib was fired in the 
electric furnace at 550 °C for 30 min to burn out 
organic materials completely.  

 
2.3 Barrier Rib Green Sheet and 
Photolithographic Patterning 

For the fabrication of green sheet, barrier rib paste 
was coated to about 200~250㎛ thickness on the 
poly(ethylene terephthalate)(PET) base film coated  
with release agent. The coated barrier rib layer was 
dried in the IR oven at 110  for several minutes ℃
and then covered with PET cover film by 
lamination. Figure 1 shows the fabrication process 
of barrier rib green sheet. 

 

 
 
Fig. 1. Fabrication of barrier rib green sheet. 

 
The process of obtaining fine pattern of barrier rib 

by photolithographic method with green sheet is 
shown in Fig.2.  First, cover film was removed 
and the barrier rib layer was laminated on the rear 
panel of PDP on which address electrode was 
patterned. 

The photomask was placed on top of the barrier 
rib green sheet laminated and then irradiated with a 
UV lamp to a total dose of 300-500mJ/cm2. After 
UV Exposure, the PET base film was peeled off.  

The unirradiated barrier rib was developed with 

alkaline water at 1.0 kg/cm2 pressure for 20-30 sec 
and then dried in the 110℃ oven for 10 min. After 
drying the PDP panel was sintered in the high 
temperature oven up to 550℃ for 30min. 

 

 

 
Fig.  2. Formation of PDP barrier rib with green 

sheet by photolithographic process 

 
2.4. Analysis and Measurements 

The nuclear magnetic resonance (NMR) spectra 
of poly(MMA-co-MAA) samples were recorded on 
a Bruker 300 MHz 1H NMR spectrometer. The 
molecular weights of binder polymers were 
obtained by Waters gel permeation chromatograph 
(GPC) using THF as eluent. Microstructure and 
barrier rib pattern were examined by scanning  
electron microscopy (SEM). Barrier rib pattern was 
pretreated with Au deposition, and the acceleration 
voltage of SEM was 15 Kv.  

 

3. Results and Discussion 
3.1 Binder Polymer for Photosensitive 
Barrier Rib Paste 

The main components of barrier rib paste include 
binder polymer, solvent, functional monomers, 
photoinitiator, and barrier rib powder. The 
photopolymerization and developing mechanisms 
of barrier rib paste are shown in Figure 3. The 
binder polymer itself is not photosensitive. The 
multifunctional monomers dispersed in the barrier 
rib layer are converted to a three-dimensionally 
crosslinked composite polymer by the action of 
photoinitiator. In the unexposed area, however, the 
acidic binder polymer is converted to a 
carboxylated form, and the whole mixture of barrier 



rib layer, including unreacted monomers and UV 
oligomers, was washed away when developed with 
the aqueous alkaline solution. 

 

 
Figure 3. Photopolymerization and developing 
mechanisms of barrier rib paste.  

The main function of binder polymer is to bind 
the inorganic barrier rib powders, but it also has 
effects on the rheology of the barrier rib paste 
during screen-printing and in the development step. 
The molecular weights, yield, and composition of 
binder polymers, poly (MMA-co-MAA)s, 
synthesized are shown in Table I. 

 
Table I. Synthetic Data of Binder Polymer for 
Photolithographic Patterning of Barrier ribs. 

Feed Ratio Copolymer 
Molecular 

Weight 
Samp

le No. 
MMA:MAA MMA:MAA Mw    PDI 

 

Yield 

(%) 

GK-1 90:10 84.3:15.7 21,400   1.98 90.5 

GK-2 80:20 78.2:21.8 10,900   2.01 92.0 

GK-3 80:20 75.1:24.9 20,000   2.50 91.5 

GK-4 80:20 76.0:24.0 51,100   2.08 93.0 

GK-5 80:20 74.9:25.1 190,000  2.98 92.5 

GK-6 50:50 53.2:46.8 20,500   2.45 92.5 

GK-7 30:70 19.3:70.7 19,900   2.01 93.0 

 

To select the proper binder polymer, 
photosensitive barrier rib pastes were made using 
the typical formulation. The effect of Mw and 
copolymer composition on the patterning of barrier 
ribs by photolithographic process is shown in Table 
II and Figure 4. The copolymer with Mw of 
20,000 g/mol and MAA content of 25 mol % binder 
polymer(GK-3) was found to be a useful binder 
polymer as shown in Device No. AD-2. 
 
Table II. Effect of Binder Polymer on the 
Photolithographic Patterning of Barrier Rib 

Binder Polymer 
Paste 

Formulation(g) 
Device 

No. 
Composition 

MMA:MAA 

(mol%) 

Mw g/mol 

(GPC) 

Vehicle Barrier rib 

powder 

 

Pattern 

AD-1 90:10 21,400 4.3      6.5 X 

AD-2 80:20 20,000 4.3      6.5 O 

AD-3 50:50 20,500 4.3      6.5 X 

AD-4 30:70 19,900 4.3      6.5 △ 

AD-5 80:20 10,900 4.3      6.5 X 

AD-6 80:20 51,100 4.3      6.5 △ 

AD-7 80:20 190,000 4.3      6.5 X 

 

 

(a) MMA:MAA=90:10
(b) MMA:MAA=80:20

(c) MMA:MAA=50:50 (d) MMA:MAA=30:70
 

Figure 4. Photographs of barrier rib fabricated with 
different composition of binder polymer poly(MMA-
co-MAA)s. 
 

 
 

 
 



Table III . Photosensitive Barrier Rib Formulation and Photolithographic Property 
 

Formulation 
Irradiation Dose and Pattern Shape Barrier 

Rib 
Paste 

Binder 
(g) 

BC 
(g) 

TMPEOTA 
(g) 

Photoinitiator
(g) 

Barrier 
Rib 

Powder
(g) 

200 
mJ/cm2

400 
mJ/cm2

600 
mJ/cm2 

800 
mJ/cm2 

1000 
mJ/cm2

RF-1 0.75 4.25 0.5 0.3 8.72 X X X △ △ 

RF-2 0.75 4.25 1.0 0.3 9.47 X X X △ △ 

RF-3 0.75 4.25 1.5 0.3 10.22 X X △ O O 

RF-4 0.75 4.25 2.0 0.3 10.97 X △ O O O 

RF-5 0.75 4.25 3.0 0.3 12.47 X △ O O O 

 
 
3.2Paste Formulation and 

Photolithographic Process 
 

Since the major components of the photosensitive 
barrier rib paste, i.e. binder polymer, was selected, 
photosensitive vehicles were made with the binder 
polymer, solvent, UV oligomers and  
photoinitiator. Then photosensitive barrier rib paste 
was formulated by mixing this photosensitive 
vehicle and barrier rib powder. 

As shown in Table III, formulation RF-4 gave 
good pattern of barrier ribs in the wide irradiation 
dose. RF-5 also resulted in good pattern, but it 
became slightly sticky after drying upon irradiation. 

The selection of aqueous base in the development 
utilizing paste formulation RF-4 is summarized in 
Table IV. The developer employing Na2CO3 (0.5 
wt % aqueous solution) resulted in better adhesion 
of the barrier ribs after development and drying 
than the strong bases such as KOH and NaOH. The 
SEM images of barrier ribs obtained with the 
optimized paste formulation and photolithographic 
processes are shown in Fig 5. A barrier rib pattern 
with 110-120㎛ height, 80-90-㎛ width could be 
obtained. 

 
Table IV. Effect of Developer on the Patterning of 
Barrier Ribs   

Solvent 
Developing 

Speed 

Sharpness 

of Barrier 

Rib 

Adhesion 

to Glass 

Substrate 

KOH O △ △ 

Na2CO3 O O O 

NaOH O △ △ 

 

 

 

Figure 5. SEM photographs of barrier ribs 

 

3.3 Photosensitive Barrier Rib Green Sheet 
When the binder polymer selected optimum(GK-

3) for the photosensitive barrier rib paste was used 
in the fabrication of photosensitive barrier rib green 
sheet, it was found that the green sheet composite 
layer became brittle upon bending or winding. 
Therefore a new binder polymer with low glass 
transition temperature(Tg) was synthesized by 
copolymerization of ethyl acrylate and methacrylic 
acid with about 80:20 molar ratio. The FT-IR and 
H-NMR spectra of the new binder polymer(NK-2) 
is showen in Fig.6 and 7, respectively. 

A new barrier rib paste for green sheet was 
prepared with binder polymer(NK-2) using the 
optimized formulation(RF-4) with the addition of 
tackfier. The fabrication of photosensitive barrier 
rib green sheet with this improved barrier rib paste 
gave a high resolution pattern of barrier ribs 
through the photolithographic process as shown in 
Fig. 8. It was found that barrier ribs with depth of 
110 ㎛ and width of 60 ㎛ could be formed with 
the newly formulated photosensitive barrier rib 
green sheet.  

It was also noted that the roughness of the surface 
of barrier ribs by photosensitive barrier rib green 



sheet became much smoother than the one by 
photosensitive barrier rib paste. 

 
Figure6. FT-IR spectrum of binder polymer 

(NK-2)  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.  NMR spectrum of binder polymer 

 (NK-2)  
 

             
Figure  8. SEM image of barrier rib pattern 
obtained with photosensitive barrier rib green sheet. 

 
4. Conclusion 

The optimum formulation of both photosensitive 
barrier rib paste and green sheet were developed 
and their effects on photolithographic patterning of 
barrier ribs were examined. Photosensitive barrier 
rib green sheet was found to yield a high resolution 
barrier rib pattern with 110㎛ depth and 60㎛ 
width through the process of lamination, UV 

exposure, development, and sintering.   
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