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Abstract 
The discharge characteristics of the coplanar and face-to-

face sustain electrode structures were examined. The visible 
spectrum (VIS) of a Ne emission of 585 nm and infrared 
(IR) of 823 and 828 nm were observed under the two 
different coplanar and face-to-face structures of the 6-inch 
test panel with non-phosphor discharge cell. The 
IR(Xe)/VIS(Ne) plot was used to calculate the discharge 
efficiency in the PDP-cell. In a coplanar sustain electrode 
structure, the intensity ratio between the IR(Xe) and 
VIS(Ne) was relatively low, whereas in a face-to-face 
sustain electrode structure, the intensity ratio between the 
IR(Xe) and VIS(Ne) was very high. In a coplanar electrode 
structure, the distribution of the IR(Xe) and VIS(Ne) was 
localized on the coplanar electrode near the space between 
the two sustain electrode, whereas in the face-to face 
sustain electrode structure, the distribution of the IR(Xe) 
and VIS(Ne) was broad over the entire discharge region 
area. Finally, as a result of the integration of the 
IR(Xe)/VIS(Ne) distribution, the discharge efficiency of the 
face-to-face sustain electrode structure was improved by 
about 2.5 times than that of the coplanar sustain electrode 
structure. 

  

1. Introduction 
Recently, the face-to-face cell structures have been 

suggested to improve the luminous efficiency of an ac-
plasma display panel [1]. These types such as the face-to-
face sustain electrode structures have shown a high 
luminous efficiency due to the long discharge path and the 
improvement of the transmittance for the visible emission 
caused by the elimination of the ITO electrode and 
corresponding dielectric layer on the front panel. In the 
face-to-face sustain electrode structure, the phosphor layer 
by the ion sputtering has less damaged than the coplanar 
sustain electrode structure. However, the comparison of 
discharge mode between the face-to-face and coplanar 
sustain electrode structures was still needed to understand 
the precise physical phenomenon of the face-to-face 
discharge. In this paper, the discharge efficiency was  
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Fig. 1 Schematic diagram of the proposed face-to-face (a) and 
coplanar sustain electrode structure (b)  
  
  

TABLE I 
Comparison of Specifications Between Proposed 

Face-to-face and Coplanar Sustain Electrode Structure 

Discharge Gap

Face-to-face sustain
electrode structure

Coplanar sustain
electrode structure

543 µm 80 µm

Barrier-rib Width

Barrier-rib Height

Dielectric Layer Thickness

Electrode Pitch

Cell Pitch

150 µm 80 µm

120 µm 120 µm

40 µm 40 µm

224 X 50 µm 224 X 300 µm

693 X 304 µm 693 X 304 µm
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Fig. 2. Schematic diagram of experimental setup. 

  
analyzed by comparing the Ne emission intensity of 585 nm 
and the infrared intensity of 823 and 828 nm for the two 
different sustain electrode structures, such as the face-to 
face and coplanar sustain electrode structures [2], [3]. In 
addition, the discharge mode between the face-to-face and 
coplanar sustain electrode structures was observed by the 
digital video photometer (PR-920, Photo Research INC). 
The discharge efficiencies of both structures were also 
examined in the test panel with a 7 % Xe content. 
  
2. Experiment 

Figs. 1(a) and (b) show the schematic diagram of a single 
pixel in the proposed face-to-face and coplanar sustain 
electrode structure used in the current study, and their 
detailed specifications are listed in Table I. For both 
structures, the vertical and horizontal cell pitches for a 
single subpixel were 693 and 304 µm, respectively. As 
shown in Table I, the height of the barrier rib was 120 µm 
and the thickness of the dielectric layer was 40 µm. An 
MgO protective layer with a thickness of 0.7 µm was then 
deposited on the dielectric layer. As shown in Fig. 1 (b), the 
coplanar sustain electrodes consist in the opaque bus 
electrode made from the Ag paste and the transparent ITO 
(Indium Tin Oxide) sustain electrodes. Whereas, for the 
face-to face sustain electrode, only the opaque sustain 
electrodes made from the Ag paste are immersed within the 
barrier ribs with fine groove fabricated by the sandblasting 
method, as shown in Fig. 1 (a). The vertical and horizontal 
electrode pitch was 224 X 50 µm and 224 X 300 µm, and 
the distance between the discharge gap was 543 µm, and 80 
µm in the case of the face-to-face and coplanar sustain 
electrode structure, respectively. The gas mixture of Ne-Xe 
(7 %) was filled under a pressure of 450 Torr in the 6-inch 
test panel.  

Fig. 2 shows a schematic diagram of the experimental 
setup for measuring the spatial profile of visible emission 
(Ne) and infrared (Xe) emitted from the 6-inch test panel 
without any phosphor layer. This measurement system 
consists of two 6-inch test panels (i.e., a test panel with 

face-to-face sustain electrode structure, and a test panel 
with coplanar electrode structure, an oscilloscope), and a 
Digital Video Photo-meter (PR-920, Photo Research INC). 
The driving circuit system consists of the driving circuit, 
power supply and signal generator. The sustain electrodes, 
X and Y are supplied by the electrical pulses generated 
from the driving circuit, and the resultant sustain pulses, Vx 
and Vy are alternately applied at a driving frequency of 30 
kHz with a duty ratio of 40 %. 

  

3. Results and Discussion 
The face-to-face sustain electrode structure had a high 

sustain voltage (> 270 V) due to a long discharge path of 
543 µm, whereas the coplanar sustain electrode structure 
had a relatively low sustain voltage (> 190 V) due to a short 
discharge path of 80 µm. The amplitudes of the sustain 
pulses applied to the two sustain electrodes, Vx and Vy 
were 200 V in the coplanar structure and 280 V in the face-
to-face structure, respectively. The sustain voltage 
difference (about 80 V) between both cell structures is due 
to the different voltage margin. 

Fig. 3 shows a spatial profile of the visible light (Ne) and 
infrared (Xe) emitted from the single subpixel of the test 
panel. In this work, the open mode of digital video 
photometer was used, which meant that the Ne and IR 
emissions were integrated during an exposure time of 2ms. 
An optical filter, whose center frequency was 585 nm for 
the Ne-line, and 823 nm, and 828 nm for the IR-line, was 
used. As shown in Fig. 3 (a), the Ne visible (585 nm) 
emission (ⅰ) and the Xe infrared (823 nm and 828 nm) 
emission (ⅱ and ⅲ) were measured in the coplanar sustain 
electrode structure. As shown in Fig. 3 (b), the visible (ⅰ) 
and infrared emissions (ⅱ and ⅲ) was measured in the 
face-to-face sustain electrode. The sustain voltage of 200 V 
was applied to the conventional coplanar sustain electrode, 
whereas the sustain voltage of 280 V was applied to the 
face-to-face sustain electrode. These applied sustain 
voltages were slight higher than the minimum sustain 
voltage. For the coplanar structure, the Ne visible intensity 
showed about a value of 2, and intensity values of the IR 
emissions (823 and 828 nm) showed about 3-4, as shown in 
Fig. 3 (a). On the other hand, for the face-to-face sustain 
electrode structure, the Ne visible intensity showed about a 
value of 1 in the middle of discharge area, but the IR 
emission intensity values (823 and 828 nm) showed about 
15 in the middle of discharge area.  

Fig. 4 shows the plots for the visible and infrared 
intensities measured in the region traversing the middle 
region of discharge cell. For the coplanar structure, the 
intensity ratio of the VIS (Ne) and IR(Xe) was relatively 
low, as shown in Fig. 4 (a), whereas for the face-to-face 
structure, the intensity ratio of the VIS (Ne) and IR (Xe) 
was considerably high due to the significant increase in the  
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(a) The coplanar sustain electrode structure 
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(b) The face-to-face sustain electrode structure 

Fig. 3. A spatial profile of the visible emission (Ne) and infrared (Xe) from the single subpixel 
 

 
(a) 

 
(b) 

Fig. 4. IR and VIS profiles of coplanar (a) and face-to-face structure (b) 
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Fig. 5. The comparison data of the discharge efficiency 
characteristics for both structures 

  

  
IR emission, as shown in Fig. 4 (b). This phenomenon is 

presumably due to the fact that the low electron energy 
distribution in the face-to-face structure with a long 
discharge path can promote the excitation of Xe atom with 
lower excitation energy of 8.32 eV instead of the excitation 
of Ne atom with high excitation energy of 18.96 eV.  

Fig. 5 shows the comparison data of the discharge 
efficiency characteristics for both structures. The discharge 
efficiency was calculated by integrating the IR (Xe)/VIS 
(Ne) distribution given in Fig.4. The Ne visible emission 
was related to the energy loss term corresponding to the Ne 
ion heating, whereas the infrared (823 nm, 828 nm) 
emissions of Xe were related to the plasma efficiency 
corresponding to the vacuum ultraviolet (VUV: 147 and 
173 nm). Therefore, the discharge efficiency, expρ  was  

definitely calculated from the intensity ratio of the infrared 
Xe emission and visible Ne emission as the following 
equation (1). 
  
  

exp
 (823,828 )

 (~ 585 )
IR Xe emission nmA

visible Ne emission nm
ρ = ------(1), 

  
  
As a result of the calculation using the equation (1), the 
discharge efficiency of the face-to-face sustain electrode 
structure was improved by about 2.5 times than coplanar 
sustain electrode structure. 

4. Conclusion 
The discharge mode of the face-to-face and coplanar 

sustain electrode structure was observed by Digital Video 
Photo-meter, and the discharge efficiency was analyzed by 
IR (Xe)/VIS (Ne) ratio, in this study. As a result, IR (Xe) 
and VIS (Ne) intensity of the coplanar sustain electrode 
structure was observed generally low. However, in case of 
the face-to-face sustain electrode structure, VIS (Ne) 
intensity was the lower, while the IR (Xe) intensity was 
very higher than conventional coplanar sustain case. As a 
result, the discharge efficiency of the face-to-face sustain 
electrode structure was improved by factor of ~2.5 times 
compared with the coplanar sustain electrode structure. 
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